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NATIONAL ADVISORY COMMITl'EE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

EFFECT OF SWEEPBACK ON THE LOW-8PEED STATIC AND 

ROLLING STABILITY DERIVATIVES OF THIN TAPERED 

WINGS OF ASPECT RATIO 4 

By William Letko and Walter D. Wolhart 

SUMMARY 

A low-speed investigation was made in the Langley stability tunnel 
to determine the effect of sweepback on the static and rolling stability 
derivatives of a series of wings~ each of which had a taper ratio 
of 0.6 and an aspect ratio of 4 . The wings were of NACA 65A006 section 
in planes parallel to the axis of syIllIIlfltry and Met sweepback angles of 
their quarter-chord line of 3 .6°~ 32 .6°~ and 46.70 • Most of the tests 
were made with the wings in combination with a fuselage . 

Results of the investigation indicate that the maximum lift coef­
ficient of the wing- fuselage combinations increased as the angle of 
sweepback increased. The usual effect of sweepback in reducing the 
lift-curve slope was confined to the lift-coefficient range between 
about -0.2 and 0.2 but was less than expected~ probably because the 
usual effect of sweepback was masked by a variable influence of the 
fuselage . As the sweepback was increased~ there ,vas a rearward shift of 
the aerodynamic center which was greater than indicated by the theory. 
This shift is believed to be caused by a large destabilizing effect of 
the fuselage on the 3 . 60 sweptback wing~ while tests showed practically 
no effect for the 46.70 sweptback wing. 

At low lift coefficients the derivative of rolling moment caused by 
yaw varied linearly with lift coefficient~ and the rate of variation was 
increased with an increase of sweep angle in very much the same manner 
that is pr edicted by theory . Because the linear variations were 
maintained over only very small ranges of lift coefficients for the more 
highly swept wings~ the maximum positive values of the derivatives of 
rolling moment due to yaw for the 32 .60 and 46.70 sweptback wings were 
smaller than the values of this derivative for the 3 . 60 sweptback wing 
at lift c oefficients greater than 0.6. 
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2 CONFIDENTIAL NACA RM L9Fl4 

The derivative o~ yawing moment caused by rolling was either zero 
or positive through most o~ the li~t-coe~~icient range ~or each o~ the 
wings tested. At zero li~t coe~~icient there was a decrease o~ the 
damping in roll with an increase o~ sweepback. The values o~ damping ~_n 

roll obtained in the rolling-~low test section o~ the Langley stability 
tunnel show good agreement with those obtained by free rotation o~ the 
models in the Langley 7- by 10-~00t tunnel and with the values 
calculated by Weissinger's theory. 

An increase in sweepback caused large reductions in the rolling­
moment coe~~icient and in the wing-tip helix angle resulting from a unit 
angular deflection of the ailerons about their hinge axis. 

INTRODUCTION 

The influence of a number of different geometric parameters on the 
rolling stability derivatives of wings have been investigated in the 
Langl ey stability tunnel by means of the rolling-flow technique. (See 
reference 1.) The investigations have included the effects o~ aspect 
ratio and sweep (reference 2), taper ratio (reference 3), dihedral 
(reference 4), and airfoil section (reference 5) . All of the investi­
gations were performed at low Mach numbers and with moderately thick 
wings. In order to obtain an indication of the rolling characteristics 
of sweptback wings at higher subsonic speeds, a series of thin wings 
(NACA 65A006 airfoil section) were tested in the Langley high-speed 
7- by 10-foot wind tunnel at Mach numbers from about 0.4 to about 0.9. 
(See reference 6. ) Results were obtained over an angle-of-attack range 
from 0.30 to 6 . 50 for the damping-in- roll derivative C1 and for the 

p 
aileron effectiveness. 

The results of the investigation reported he~ein were obtained in 
the rolling-flow test section o~ the Langley stability tunnel, and the 
models were those used for the investigation reported in reference 6. 
The purpose of the present tests was to obtain more complete information, 
at least at low speeds, on the static and rolling characteristics of 
the wings and also to obtain a correlation between techniques of the 
Langley stability tunnel (rolling ~low) and the Langley 7- by 10-foot 
tunnel (~ree rotation) f or determining the damping in roll. 

The wings tested were sweptback 3.6°, 32.60 , and 46.70 and had an 
aspect rat io of 4 and taper ratio of 0.6. 
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SYMBOLS 

The data are presented in the form of standard NACA coefficients 
of forces ani moments which are referred in all cases to the stability 
axes, with the origin at the ~uarter-chord point of the mean aerodynamic 
chord of the models tested. The positive directions of the forces, 
moments, and angular displacements are shown in figure 1. The coef­
ficients and symbols used herein are defined as follows: 

CL lift coefficient (L/~S) 

CD drag coefficient (-X/~S) 

CDO drag coefficient at zero lift 

Cy lateral-force coefficient (Y/~S) 

Cl rolling-moment coefficient (L'/qSb) 

Cm pitching-moment coefficient (M/~SC) 

yawing-moment coefficient (N/~Sb) 

L lift 

X longitudinal force 

Y lateral force 

L' rolling moment about X-axis 

M pitching ~oment about Y-axis 

N yawing moment about Z-axis 

p mass density of air 

V free-stream veloc ity 

R R~ynolds number 
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S wing area 

b span of wing, measured perpendicular to plane of symmetry 

c chord of wing, measured parallel to plane of symmetry 

c mean aerodynamic chord (~lb/2 c2~ 
y distance measured perpendicul~r to the plane of symmetry 

ao slope of section lift curve per radian 

A aspect ratio (b2jS) 

~ angle of attack measured in plane of symmetry, degrees 

5 aileron deflection measured in plane normal to aileron hinge 
axis, degrees 

~ angle of yaw, degrees 

A angle of sweepback of ~uarter-chord line, degrees 

E£ wing- tip helix angle, radians 
2V 

p rolling velocity, radians per second 

rate of change of wing- tip helix angle per degree of t ot al 
aileron deflection 

rate of change of rolling-moment coefficient ~r degree of total 
aileron deflection 

del, 
C --
l,~ - o~ 
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Cn 
CX:: n = --'if Cl'if 

CX:: y 
C = -Y'if Cl1f 

C7, 
CX:: 7, 

p 

Cl(~:) 

C~ 
den 

Cl(:~) 

Cy 
dey 

~ P 

APPARATUS AND TESTS 

The tests were made in the 6-foot-diameter rolling-flow test 
section of the Langley stabili ty tunnel. This section i~ 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 t o 
that whi ch exists about an airplane in rolling flight (reference 1). 

The models tested consisted of three wings of NACA 65A006 section 
in planes parallel to the axis of symmetry . The wings were of aspect 
ratio 4 J taper ratio 0 .6

6 
and had sweepback angles of their quarter­

chord line of 3 . 6° J 32 .6 J and 46 . 70
• (See fig . 2 .) The wings were 

equipped with ailerons} each with a span of 40 percent of the wing 
semispan ani a chord equal to 20 percent of the wing chord. Most of 
the tests were made with the wings in combination with a fuselage. The 
quarter-chord point of the mean aerodynamiC chord of each of the wings 
was located at the 43-percent point of the fuselage . The principal 
dimensions of the fuse lage are given in figure 3 . 

The tests were made with the models mounted on a single-strut 
support ( see fig. 4 ) at the quarter-chord points of their mean 
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aerodynamic chords. The forces and moments were measured by means of 
the six-component balance system of the Langley stability tunnel. 

Most of the tests were made at a dynamic pressure of 25.1 pounds 
per square foot which corresponds to a Mach number of 0.13 and a 
Reynolds number of about 720,000. 

The models were tested through an angle-of-attack range from about 
-.40 angle of attack up to and beyond the angle of maximum lift at 00 

and ±5° angles of yaw in straight flow and at 00 angle of yaw in 
rolling flow. For the straight- flow tests at 00 angle of yaw, lift, 
drag, and pitching-moment coefficients are presented. Data obtained in 
straight flow at ±5° angle of yaw and in rolling flow at values 
of pb/2V of ±0 .0248 and ±0.0745 were used to obtain derivatives of 
lateral force, yawing moment, and rolling moments with respect to yaw 
angle and wing- tip helix angle. In straight-flow tests at zero yaw, 
rolling moments were obtained over the angle-of-attack range for 
aileron deflections of ±4° and ±8°, measured in a plane parallel to the 
plane of symmetry. The corresponding aileron deflections measured in a 
plane normal to the hinge axis are presented in the following table: 

Aileron deflections Aileron deflections normal Sweepback A parallel to plane 
to hinge line (deg) of symmetry (deg ) 

( deg) 

3.6 ±4 ±4.Cl 
3.6 ±8 ±8.02 

32.6 ±4 ±4.45 
32.6 ±8 ±8.89 
46.7 ±4 ±5.44 
46.7 ±8 ±10.83 

Some tests of the 46.70 sweptback wing were made without the fuselage. 
For these tests, the center section of the wing was altered as is shown 
in figure 5. In straight flow the lift and pitching moment of the wing 
alone were measured with and without transition strips on the leading 
edge of the wing at various values of dynamic pressure. The values of 
Mach number' and Reynolds number which correspond to the test dynamic 
pressures are as follows: 
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<l M R 

4 0.051 280,000 
8 .073 395,000 

16 .104 558 ,000 
25 .131 718,000 
40 .166 880,000 
65 .211 1,116,000 

CORRECTIONS 

Approximate jet-boundary corrections (similar to those of refer­
ence 7) based on unswept-wing theory have been applied to the angle of 
attack, the drag coefficient, and the rolling-moment coefficient. 
Corrections for blocking or support-strut tares have not been applied 
to the results. 

RESULTS AND DISCUSSION 

Straight-Flow Characteristics 

7 

The lift, drag, and pitching-moment characteristics of the three 
wings, each tested in combination with the fuselage, are presented in 
figure 6. The pitching-moment results at low lift coefficients 
indicate that the aerodynamic center moved rearward, from 17.6 percent 
to 27.0 percent of the mean aerodynamic chord, as the angle of sweep­
back was increased from 3.60 to 46.70 • The theoretical results given 
in reference 8 predict almost no change in the aerodynamic-center 
location of plain wings over this range of sweep angles for the 
particular aspect ratio and taper ratio of the wings investigated. The 
differences between theory and experiment probably resulted from the 
fact that a fuselage was used in the tests. 

Because each of the wings was constructed in two semispan segments 
with mounting blocks at the inboard ends for attachment to a fuselage, 
true wing-alone characteristics could not be obtained. An attempt to 
simulate, as nearly as possible, the wing-alone condition was made, 
however, for the 46 . 70 sweptback wing. The wing segments were 
supported by cover plates and the entire root region was faired with 
balsa wood and clay. (See fig . 5.) Lift and pitching-moment results 
ohtained with this model (wing alone) and with the SaFE wing in 
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combination with the fuselage are compared in ~igure 7. The fuselage 
appeared to have very little effect on the general shapes of the lift 
and pitching-moment curves or on the aerodynam1c-center location 
determined from the slope of the pitching-moment curve at zero li~t. 
For either the wing alone or the wing-fuselage combination, the aer~­
dynamic center was only about 1 percent o~ the mean aerodynamic chord 
behind the location (27 percent of the mean aerodynamic chord) given by 
the theory of reference 8. Apparently, for the 46.70 sweptback wing the 
forward location of the wing-fuselage juncture resulted "in elimination 
~f the usual unstable pitching-moment contribution of the ~uselage. 
ror the wings with smaller sweep angles, the location of the wing­
:uselage jun~ture was ~arther rearward and, in these cases, the 
:ontribution of the fuselage to the pitching-moment characteristics 
leems to have been a destabilizing effect, as is normally expected. 
:uch an effect (an increase of the unstable pitching-moment contribution 
'f the fuselage with a rearward shift of the wing-fuselage juncture) 
as found in testa of midwing configurations with straight wings 
eported in reference 9. The results of reference 9 for a midwing 
onfiguration show that as the location of the quarter-chord line of 
he wing with respect to the fuselage varied from 9 to 44 percent of 
he fuselage length, the aerodynamic-center location of the configu­
'ation varied from 0 to about 6 percent forward of the location for 
'ing alone . For the 3.60 sweptback wing with fuselage, the 
,e rodynamic-center location (17 .6 percent of the mean aerodynamic 
:hord) was 7.4 percent forward of the location predicted by the theory 
)f reference 8 for the wing alone. 

The results presented in figure 7 show that removal of the ~uselage 
aused a reduction in lift-curve . slope (from 0.062 to 0.054) near zero 
ift; but even with the fuselage removed, the lift-curve slope was 
l i ghtly higher than the theoretical value (0.052 ) given in reference 8. 
h e small displacements of the lift and pitching-moment curves ~or the 
)lain wing, relative to the curves for the wing-fuselage combination, 
~obably resulted from some camber introduced by the fairing of the 
:enter section of the wing. 

The lift data presented in figure 6 indicate an increase in 
maximum lift coefficient from 0.80 to 1.02 as the sweepback is 
increased from 3 .60 to 46 .70

• This result is in agreement with the 
findings of another low-sGale investigation (reference 10) and has been 

confirmed for Reynolds numbers as high as 12 X 106 in a recent 
investigat ion (unpublished) of wings having geometric properties almost 
identical to those used for the present investigation. 

At lift coefficients below 0.8, the lift curves for the three 
wings are very nearly the same. Although the theories of references 8 
and 11 do predict a reduction in lift-curve slope of plain wings with 
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increased sweep 3ngle, such a reduction, if i t occurs, would be 
expected to be confined to a very s~ll range of lift coefficients 
( from about -0.2 to 0 . 2 ) for the present models , bec~use above a lift 
coefficient of 0 . 2 ( sorne\.;here between 0 . 2 and 0 . 3 ) partial separation 
appears to tak~ place. The separation is indicated from the comparison 
of the experimental drag curves with the curve obtained by adding the 
drag at zero lift to the theoretical induced drag for elliptic wings 
of aspect ratio 4 . (See fig . 6 . ) For each of the wings the experi­
mental drag curve began to depart from the theoretical relation at a 
lift coefficient somewhere between 0 . 2 and 0 . 3. Partial flow separation 
ab'Tve this lift coefficient therefore would be expected, which would 
invalidate the assumptions of the theory used to calculate the lift­
curve slope. According to previous experience ( see fig . 4 of refer­
ence 2, for example ) , the onset of flow separation, as indicated by an 

increase in the quantity (CD - :;2) , @8nerally is accompanied by an 

increase in lift-curve slope for sweptback wings and a decrease in 
1ift-curvc slope for unswept wings . At the higher lift coefficients, 
therefore, sweptbac~ wings may have lift-curve slopes as high or even 
higher than those of unsvrept wings of the same a spect ratio. 

The r e sults in figure 6 do not s~ow an effect of sweep on lift­
curve slope as large as was expected (on basis of references 8 anq. 11) 
for these models, even at the low lift coefficients . This difference 
may have resulted in part from the use of the fuselage. As has already 
been pointed out, removal of the fuselage caused a reduction in lift­
curve slope from 0 . 062 to 0.054 for the 46.70 svreptback wing. Tests 
with straight wings (reference 9 and comparison of references 12 and 1] 
and tests of a 420 sweptback wing (reference 14 ) have indicated that 
the effect on the lift-curve slope of the addition of a fuselage of 
circular cross section depends, at least partly, on the wing geometry 
and on the longitudinal position of the wing- fuselage juncture . It is 
probable, therefore, that the usual effect of s\veepback on the lift­
curve slope was partially masked by a variable influence of the 
fuselage. 

In order to determine how critically the wing characteristics 
we r e affected by changes in Reynolds number, in the range f or which 
most of the tests had to be run , tests were made at various Reynolds 
numbers with and ,vithout transition strips on the leading edge of the 
vrings . Plots to show the effect of transition strips and Reynolds 
numbers on the Ilft-curve slope and pitching-moment slope of the 
46 . 70 sw"eptback vring tested alone are presented as figures 8 and 9, 
rosp3ctively . A summary of these results is presented in figure 10~ 

vhi ch sho\"rs the variation of l ift-curve slope and the variation of the 
location of the aerodynamic center with Reyn"olds number . Also 
presented i n figure 10 is the theoretical value for lift-curve slope 
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and the Talue for the location of the aerodynamic center as presented 
in reference 8. The effect of increasing Reynolds number was to 
decrease the lift-{}urve slope and to cause a forward shift of the 
aerodynamic center. The effect on the lift-{}urve slope and on the 
aerodynamic-{}enter location of increasing the Reynolds number 
from 280,000 to 1,116,000 1ffl.S approximately equivalent to fixing the 
transition at the nose of the airfoil. The fact that the charac­
teristics of the wing were almost the same with transition strips, 
either on or off, at a Reynolds number of 1,116,000, is an indication 
~hat further increases in Reynolds number would not be particularly 
important, at least for the present test condition of surface 
smoothness and air-stream turbulence. Under conditions of extremely 
low turbulence and with highly polished wing surfaces, the results 
obtained with transition strips off probably would not approach those 
with strips on until a Reynolds number considerably higher 
than 1,116,000 had been attained. (See reference 15.) 

The effect of sweepback on the static lateral stability charac­
teristics is shown in figure 11. At low lift coefficients the rate of 
change of C~ with lift coefficient decreases as the sweep is 

decreased. For the 32.60 and 46.70 sweptback wings the Talues of Cl* 
increase linearly for only a small range of lift coefficients after 
which there is an abrupt change in the initial trends, probably as a 
result of early J;artial stalling, mentioned previously. The 32.60 

and 46.70 sweptback wings attain relatively small positive values 
of Cl * (less than the values obtained for the 1lll.8Wept wing at lift 

coefficients greater than 0.6). There is little effect of sweepback 
on the values of Cn and Cy . The fuselage causes large positive * V contributions to both Cn and Cy . This contribution is shown in * V figure 12, which compares the values obtained for the 46.70 sweptback-
wing and fuselage combination with those for the faired wing alone. 
Removing the fuselage causes, for the 46.70 aweptback wing, a small 
change in the variation of' Cl V with lift coefficient for low coef-

ficients but has no effect on the maximum positive value of Clv 
attained with the combination. 

Rolling-Flow Characteristics 

The variations of the rolling derivatives Cy , C , and C., wi th 
p np up 

lift coefficient are presented in figure 13. As was explained in the 
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section entitled "Apparatus and Tests," measurements of forces and 
moments were obtained at four values of pb/2V. The derivatiTes were 
obtained from the average slopes of the data when plotted 

11 

against pb/'Z'f. In general, the slopes of the curves were well defined 
and the scatter of tests points was of the order of that obtained in 
other investigations which have utilized the rolling-flow technique. 
(See reference 7, for example.) 

At low lift coefficients the results presented in figure 13 for 
the derivatives of lateral force caused by rolling Cy are in 

p 
qualitative agreement with the approximate theory of reference 11 in 
that this derivative varied linearly with life coefficient and the rate 
of variation increased with an increase in sweep angle. In general, 
Cy maintained its initial linear variation over about the same range 

p 

of lift coefficients as the derivative ClV' 

The derivative of yawing moment caused by rolling C~ was f ound 

to be either zero or positiye from a lift coefficient of -0.2 to 
approximately the maximum positive lift coefficient for each of the 
wings tested. The approximate theory of reference] 1, which is based 
on potential-flow considerations, indicates an initial negative slope 
of Cnp with CL; however, this initial trend would be expected to be 

maintained only over the range of lift coefficients for which the total 
drag is approximately equal to the drag at zero lift plus the induced 
drag. (See reference 2.) As is indicated by the drag data of 
figure 6, this condition is satisfied only up to lift coefficients of 
about 0.2 or 0.3. At such low lift coefficients the magnitudes of the 
theoretical values of the yawing moment due to rolling probably are 
within the experimental accuracy of the measurements and, t herefore, no 
initial negative slope could be detected. 

The experimental r esults for t he derivative Cn are compared 
p 

in figure 14 with results calculated by a method (presented in refe~ 
ence 2) which includes consideration of the drag measured under 
straight-flow conditions. In general, fair agreement is obtained, 
although the predicted values of Cnp at high lift coefficients are 

too highly positive for the 3.60 and 32.60 sweptback wings. In refer­
ence 2, through analysis of experimental data, the increment of Cn p 
due to profile drag was found to be proportional to the slope of the 
curve of profile drag plotted against angle of attack, and the constant 
of proportionalit y was foun~ to vary with aspect rat io but to be 
essentially independent of' the sweep angle. The comparison presented 
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in ~igure 14 indicates that the constant of proportionality probably 
should be somewhat lower than that gi Ten in reference 2 for winge 
having sweep angle,s less ;than about 450

• 

At low lift coe~~icients the negative value of' Clp (~ig. 13) o~ 

the wing-~uselage combination decreases as the sweep is increased. At 
some lift coe~~icient which decreases with an increase in sweep, there 
is a sudden increase in Cz • The magnitude of the increase is 

p 
greatest ~or the wing with the largest sweep. At the higher lift coef­
fic ients the damping decreases for all three wings. 

A comparison of values o~ CZp obtained by the rolling-flow 

technique o~ the Langley stability tunnel with those obtained from the 
free-rotation tests of the models in the Langley 7- by 10-foot tunnel 
(refere:ace 6) is presented in figure 15. In general, the variation 
o~ Cz with lift coe~~icient is Similar, and the values of Cz p p 

are in good agreemen~. The Langley 7- by 10-~oot tunnel results are 
slightly higher~ but this di~~erence can be attributed almost entirely 
to the dif~erence in Mach number of the te~s, as is indicated in 
~igure 16, which compares experimental results obtained by the two 
techniques with theoretical results (~rom reference 16) corresponding 
to the two t~-t Mach rumbers. The difference between the two 
theoret ical curves is almost exactly equal to the di~~erence between 
the t wo experimental curves. Both experimental techniques yield 
values that are consistently larger than the theoretical values~ 
although the experimental variation o~ CZp with sveep angle is in good 

agreement with theory. 

The 46.70 sweptback wing was also tested in rolling flow with the 
~uselage removed. The e~~ect on Cy J Cn J and Cz of removing the 

p p p 
~uselage was small. (See ~ig . 17.) The values of Cz obtained with 

p 
the wing alone were slightly larger than those obtained ~or the 
combination~ althou~h the slope o~ the lift curv~ f or wing alone was 
lower than that obtained with the combination. A similar result was 
obtained in the tests reported in re~erence 17 which gives a~ a 
possible explanation the fact that the loading on t~e ~uselage during 
roll would act normal to the sur~ace o~ the circular cross---section 
~uselage and would contribute litt le to the damping in roll. 
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Aileron Characteristics 

The effects of sweepback on the aileron rolling-moment­
effectiveness parameter C

lB 
and on the rolling-effectiveness param-

eter (pb/2V)B are shown in figure lB. The values of Cl were 
B 

determined in straight flow and the values of (pb/2V)B were 

determined from the relation 

where Cl is obtained from figure 13 and represents the damping of 
p 

the wing with ailerons neutral. The values of (pb/2V)B presented in 

figure IB, therefore, neglect any possible effect of aileron deflection 
on the damping in roll or of rolling on aileron effectiveness. Previous 
ex~rience has indicated, however, that such effects are negligible, 
except for very large aileron deflections or for angles of attack near 
the maximum lift coefficient. 

Results obtained for the parameters C
lB 

and depend, 

of course , on the particular convention used in defining the aileron 
deflection B. In the present paper, B is measured in a plane 
perpendicular to the aileron hinge axis and, therefore, a given value 
of B represents a constant angular rotation of the aileron about its 
hinge axis regardless of the sweep angle of the wing. With this 
convention, an increase in sweep angle is found to produce large 
re~uctions in both ClB and (pb/2V)B' (See fig. lB.) According to 

an alternate convention, the deflection B is measured in the plane of 
symmetry and, therefore, a constant value of B corresponds t o an 
increasing angular rotation of the aileron about the hinge line as the 
wing sweep angle is increased. When the latter convention is used, 
the effect of sweepback on the ~arameters Cl B and ( pb/2V)B is 

found to be considerably smaller than tb.'lt indicated in figure lB. 

A comparison of figures IB and 13 9hows that for the three wings 
irvest.igated the variation of Cl B with lift coefficient is small 

relative to the variation of Clp with lift coefficient. The 

resulting variation of the rolling~fiectiveness parameter (pb/2V)OJ 
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therefore~ is determined primarily by Cl p ' All of the wings show 

reductions in rolling effectiveness as the lift coefficient is 
. 0 

increased up to about 0. 5 . In the case of the 46 .7 sweptback wing~ 
this reduction amounts to about 40 percent of the value at zero lift. 
At higher lift coefficients (pb/2V)o increases for all of the wings 

because Cl
p 

decreases more rapidly than Clo. The values of (pb/2V)o 

presented in figure 18~ however~ (as previously mentioned) neglect any 
possible effect of aileron deflection on the damping in roll or of 
rolling on aileron effectiveness. 

CONCLUSIONS 

An investigation made in the Langley stability tunnel of a series 
of thin sweptback wings of aspect ratio 4~ each tested in combination 
with a fuselage~ indicates the following conclusions: 

1. The maximum lift coefficient of the wing-fuselage combinations 
increased as the angle of sweepback increased. At lift coefficients 
below 0.8~ the lift curves were very nearly the same for all three 
models. The usual effect of sweepback in reducing the lift-curve 
slope appeared to be confined to the lift-coefficient range between 
about -0.2 and 0.2 but .Tas less than was expected~ probably because the 
usual effect of sweepback was masked by a variable influence of the 
fuselage. 

2. The aerodynamic center at low lift coefficients moved rearward 
from 17.6 percent to 27.0 percent of the mean aerodynamic chord as the 
sweep angle was increased from 3.60 to 46.~. This rearward shift was 
considerably larger than that indicated by theory for plain wings and 
appears to have been caused by a variable contribution of the fuselage. 
For the 46 .70 sweptback wing~ tests showed that the fuselage had almost 
no effect on the aerodynamic center ; but for the. 3.60 sweptback wing~ 
the fuselage is believed to have a destabilizing effect~ as is usually 
expected . 

3. At low lift coeffi cients the derivative of rolling moment due 
to yaw vari ed linearly with lift c oefficient~ and the rate of 
variation increased with an incr ease in sweep angle in very much the 
manner that is predicted by theory. The linear variations were 
maintained over only very small ranges of lift coefficient for the more 
highly swept wings; however as a result~ the maximum positive values of 
the derivative of rolling moment due to yaw for the 32 . 60 and 
46 .70 sweptback wings were smaller than the values of this derivative 
for the 3 .60 sweptback wing at lift coefficients greater than 0.6. 
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4. The derivative of yawing moment due to rolling was either zero 
or positive through most of the lift-coefficient range for each of the 
wings tested. 

5. At zero lift coefficient there is a decrease in damping in roll 
with an increase of sweepback. The values obtained in the Langley 
stability tunnel by the rolling-flow techni~ue show good agreement 
throughout the sweep range with those obtained by free rotation of the 
models in the Langley 7- by 10-foot tunnel and with those calculated by 
Weissinger's theory. 

6. An increase in sweepback caused large reductions in the rolling 
moment and in the wing-tip helix angle resulting from a unit angular 
deflection of the ailerons about their hinge axes. For the 46.70 swept­
back wing, the rate of variation of w1ng-tip helix angle with aileron 
deflection decreased by about 40 percent as the lift- coefficient 
increased from 0 to 0.5 but then increased slightly with a further 
increase in lift coefficient. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Air Force Base, Va. 
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Wing : 
Area, sq ft ... -
Aspect ratio 
Airfoil section • 
Span, ft . . • . 
Mean aerodynamic 

• • • . 2 . 25 
4 .0 

. NACA 65Ao06 
3 .0 

chord, ft .... 0 . 765 
0 .60 

0.938 
. 0 . 563 

Taper ratio • • . . • • . 
Root chord, ft 
Tip chord, ft • . 

Plane of sed/on 

Mounflng polnf 
-'-4 -meqn aerodynamic c/;oru 

Aileron: 
Type .• True contour, sealed gap 
Chord, per cent c . 20 
Span, percent b/2 40 
Inboard sta"ion, 

per cent b /2 . . 55 
Outboard station, 

percent b/2 . • 95 
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Figure 2 .- Sketch and dimensions of wings tested . 



20 NACA RM L9F14 

CONFIDENTI AL 

Mounflnq pOll7f 

4-mean aerodynamic chord 

~ 
,/ 

/~~ 
(; 

3,,·6 
'i<O--+-'-/ 

I 

A 
~ EIl!pflca/ nose 

Seml-mCljOr QX/S ==S/n. 

Seml-mlnoraxls:tCZ! 1/7. 

~ 41 tn. f)/Clm. 

5ecflon A-A ~ 
CON FI DENTIAL 

Figure 3.- Sketch of the fuselage and 32 .60 sweptback wing gi ving the 
princ ipal dimensions of the f uselage. 



CON FI DENTIAL 

Figure 4. - The 46.70 swe ptbac k wing with fuselage mounted in the rolling-flow section of the 
stability tunnel. 

CONFIDENTIAL 

~ o 
~ 

~ 

~ 
f-' 
+=-

I\) 
f-' 





NACA RM L9F14 

s c Cj / e ;/ "= 6 " 

CONFIDENTIAL 

Bd lSd-wood nos e 
block 

r-----Cover plate 

MOl)ntlnp 
brc)cket 

Section A-A 
scc;/e : /":0;' '' 

CONFIDENTIAL 

Id / r / n $ (c I d Y) 

Figure 5.- Sketch of the 46.70 sweptback wing showing modifica t ions made 
to the wing for tests ,without fuselage. 

23 



, 

24 

t:i 
u 2, 

24 

'0 

<>--
ff? p-

0 

[J 

0 

-

W 
V 

CONFIDENTIAL 

1) 
~ 

..0-

""" 
/ 

\ 

::::b ----t :r-
.-[]-",l \ V' v 

~ 'v' - ( ~ ~ f'\S )-D r~ X '/.'-

e-, <> 
\- ~ 

.~ ~ 

SweepbockJ A / det! nO / 
36 1 Y 

326 )[ <V< 
b 

46.7 i J? < 
6 P 

~ l~ ;> 
.z ~ C{ 

C fl 00 <> +-Va n A \ /- 6 ') 

kr ~ --1: r::' ~ 
w.r ~ r' rJ b 

:"> ~ < 
o· ~ <5 

, ( I ~ ~ 
~W 

{t1' 

)7' 

~ V 
'.Pf 
, 

V 
A'/<t V 

h# V 

~-
CON IDENTIAL I I I I 

NACA RM L9Fl4 

6 

5~ 
~"' 

4 ~ :-.::: 
~ 

3~ 
~ 

.2 ~ 
~ 

./ CS 

o 

-4 
~4 -:2 0 .2 4 .6 .8 10 /2 

Llf! coefficient" C2 
Figure 6. - Variation of the drag and pitching-moment coefficients and 

angle of attack with lift coefficient for wings tested .with a 
fuselage . 



NACA RM L9F14 

CONFIDENTIAL 

0 461 AWII7~ %m 
0 

t5 0 46.7 A WII7.7 f f{Jse/(J!}e - I---

@ 

14-
...., §ho 

...c
V 1 

r C I--< ...r 
,>--10- J;V P 

~ ·U -{ ~ ~ ~ t/ rA 
IV 

14-

'8 h r 
I~ 

2 ~ 
b 

~ 
(] 

A 
0 

j 
A 

rn' 
If' 

'2 ,v 
V ...-

I~ 
v 

~ 

o t7 
~ ~-

~ /,. 

L~ V CONFIDENTIAL 
-4 

-:-2 0 .2 .4 .6 .8 1.0 /.2 
Lift coel/)cle/l0 Q 

Figure 7.- Variation of the pitching-moment coefficient and the angle 
of attack with lift coefficient for the 46.7° 8weptback wing alone 
and for the 46 .70 8weptback wing in combination with the fuselage. 

25 



26 

o 

o 

o 

(sJ 
0 , '"' 

~ 
~ 
~ 
~ 0 ~ 
G.;:: 
~ .2 

0 

-2 

NACA RM L9F14 

CONFIDENTIAL 

I, fu::: r-:r L..J 

~ 

IRx/O-6 10;:::: h b 

~ ~ 
IV p--p 

J ~ fJ 

, 2~O ::f 
;;f b-h h. I"" 

# w ID' 1 W ~ 0--~ b 
I ~ ~ 

~ -f t::J 

~ .33'" ~~ IrY: ~ [t-P---. h:= It;, 
,( l;j :::J §f-lU ~ 10-

I~ 

.L- P 
/ to ~ ~ 

ff 

V tf -:if u 

~ ~ .j58~W 
c./ ~~~ ~ 

0-lD" u-:::::; B:: ~ b 
/J /;1 "", p:P 

1'-' 

-I ~ / 
;J 

b V .:,J 

/ 
/ .71t~ ~ n" Ft ~ ~ )... 

/ rY I=l iU ~ 

) V / D 
t:;f / / ~ 

/ .880.1 ~ Ir> A. 
;;p-P =--.,; "f--. "-

/ ' ~ bY'" 
B' IW D-~ 

J!' / bcf' o Tr(J!75If1tJl7 5/r;p5 olf 
E;1 / 

,:.. 
~P" o lraIl51!10/7 5111jJ5 017 

/ /.lla ~ 
)~ S" 

)~ / 
c / 

/ 
)~ 

) 
~-b1 CONFIDENTIAL 

~ 0 4 8 R E ~ U M 
A/l!11e of' attock" (£/ dty 

Figure 8.- Variation of the lift coeffi cient with angle of attack of 
the 46 .70 sweptback wing alone f or various value s of Reynolds 
number wi th and wi thout t r ansi tion strips on wing leading edge. 

--- -~-~ 



NACA RM L9F14 

0 
L 

o 

o 11-

~ 0 
CE 

i--... "' 

~ 
~ 
~ 
~ 
~ 0 ......... 

~ 

~ 
~ 
~ 
~ 

0 ~ 
~ 
cs:: 

Q 

,04-
...., 

0 "'" 

-.04 

~ f-......~ '-

.c 
L. 

f' 

~ 

~ "" 

- .... ..... 

CO~FIDENTIAL 

Rx/O-6 rTh 

~ ~ 

.280 l-1 iU O[ 

n ..:- :p' ::> / 

"" ru "'" ~ ~ pa- nl 
;f 

d1 ~ 
A-?' Y 

.39-: /i Y' c;i 6 
h ~Fo: ~ ~ :--,..,. ..r 

\. f'J 
PJ 
~ ~ 

A [l5 ~ 
.558 ,;= ~ f { r-~~ V [.f 

---n .r 

---c f---..-j :Y ~ ~ 

~ 
A~ 

,1/~ ~ v I:. 
R r'::L kE y 

191 J-

"6 r=-t ~ 
L 
~ ~ 

A> 
.f!£: ~ )J 

,0 / 'rY 
'-.. ~ 

\)... p:Y 1 
l.S 

Ie!>. 
~ 

/.//6 »{ II 
~/ err 'i~ b 

"" ~.,J 

CONFIDENTIAL 
n. 

0 

[J 

ff&?I7SI/;tJ17 
s!ojJ50lf 

7j?JIlSI!ltJIJ 

s!rips 017 

o .2 .4 .6 .8 
L/// coeflicle/1~ CL 

10 12 
~ 

Figure 9.- Variation of the pitching-moment coefficient with li t 
coefficient of the 46.70 sweptback wing alone for various values 
of Reynolds number with and without transition strips on wing 
leading edge. 

27 



28 NACA RM 19F14 

u --Q CONFIDENTIAL cr - r---.. 
0 - -[ 1- - -0- p--

~§ OJ() 
r- ___ 

0-- J 
- I-

!Jf() 

I--- 0 Tr~n.5lfIO/7 slrf"Os C/f 
---- --0 Trt7173/!-;OIJ slrlf's on 

• 
Wel5Sln:/er fl;&Yf --I---

32 

28 ~ -v--r--- o} ___ 

~-'" 
~ 
'- - t- - I- -v ----, 

21- c .=f -- -0- -- - ':l- r., 
1..:.J 

20 
~ ~ CONFIDENTIAL 

o .2 4 ,6 .8 /.0 /.2 x/O 6 

Reynolcls number 

Figure 10 .- Effec t of t r ans i tion strips and Reynolds numbe r on the lift­
° curve s lope and loca t i on of the aerodynamic cent er f or the 46 . 70 

swept back wing alone . 



.. 

NACA RM L9F14 

. Q?8~~~~~~C-O~NF-I~DE-N~T-IA~L~~~~~ 
n 

o 
o 

<> lXJ41---t---+---+--+--I 

.W2~~+-~~~~~~-~+~~r~~ 
07// 0 ~'F -= v ~ L rG- tIt( »"\. 

JV cW 

.006~~~~-+~+-~~4-~-+~ 
c-, 

:-4 ~2 0 .2 .4 .6 .8 10 12 
LIl't coef'f)cle/l t/ Q 

29 

Figure 11.- Vari at i on of CY*J Cn*J and C1* with lift ~ oefficient f or 

t he wings tested with a f uselage. 

l __ ~~_~ 



NACA RM L9F14 

CON FI DENTIAL 

~ 
~ r D br1::: Hj ~ r:y 

0 
1.J

r 
f==t 

-0 ~C ~ rc ~ @' [] '-->-----< >-p-

o 
0 467 A Wing aitJl7e f--

0 f--

0 46 7 A J1II/ltj f fuse bge f--

, .004 

p r, 
g 

-~ 1J r -n ~ ~ r- LJ I--

U ,-I--{ 

IV --v --c -c pv I'-' 

-:002 

.002 
~ ,.r=t flY ill 

:IT ~ t---.r 
rvTl ::/' cr-€ SR ~ 

-{lJ4 
-:2 

Figure 12.- Variation of 

u 

'Y 

CON FI DENTIAL ~ 

o ,2 .4 .6 .8 10 /2 
j/(! eoell/clell!" CL 

Cy , Cn , and C2,'r with lift c oefficient for the 
~ ~ 't' 

46.70 8weptback wing tested alone and in combinat i on with a fuse lage. 

~--- --~---

.' • 



NACA RM L9F14 

.2 

o 
-.2 

-4 

./ 

CIlp 0 

-/ 

.1 

0 

ezp 
-./ 

-:2 

-:3 

-4 

A 

V 
10 

CONFIDENTIAL 

u 

o 
o 
o 

5weepboc)(;A deq 
36 / 

32.6 
46.7 

o 

.) 

I ... 

II QP 
bit h JV 

CONFIDENTIAL ~ I I' I 

-4 -:2 0 .2 4 .6 lJ liJ iZ 
Lift coefficlC'I7I;Q 

Figure 13 .- Variation of Cy , Cn ,and CLp with lift coefficient for 
p P 

the wings tested with fuselage . 



j 

o 

o 

CON FI DENTIAL 

-0-- Measured 
-- --- L]/{'u/afe,r/ r p.fe renr:e2 

~ 

I---
./~ 

:Sweep 'CI;A/deg ./ ,/'/ 
/ 

I I 

3.6 L--C~ 

NACA RM L9F14 

---~ 

/ 

/ 
/ 

/ d ~.~ 

r-c D. f." ~ ~ 
'-Y -'-J 

.r.Oi~ 

--- -. -- \ 

32.6 
.-- , 

./ ./ /-r--c ~ \ 

./ .--d 
v. 

~ 0 
,/' 

.f') 0 ~~ ~ 

46.7 
...... ~ 

lP~ ~-rb 
. -~ 

-?" % __ d- ..... \ 

H 0=-po ........ -
CO-rFIDENTIAL ~ 

-:2 o .2 4- .6 .8 
Llfl coefficlenlj CZ 

Figure ' 14 .- Compari s on of the vari ation with 11ft coe f f ic i ent of t he 
values of Cn obtained exper imentally wit h t hose calcula t ed by 

p 
the me t hod of r efer ence 2 . 



NACA RM L9F14 

./ 

0 

CZp 
-:/ 

--:2 

~3 

-.4 

0 

Clp -:/ 

-:2 

--:3 

--:4-

o 

Cip -:/ 

-:2 

--:3 

-.4 

CONFIDENTIAL 0 

3.6 
/ 

/ 
~O 

Irl 
00 f&& 

32.6 ? 
II 

! 
/ 

..,.. / 
ON 
~ LrY 

l,J CONFIDENTIAL 

~2 0 .2 4 .6 .8 /.0 /2 
Lift coef/;Clenf;Q 

Figure 15.- Comparison of the values of C1 obtained by free rotation 
p 

33 

of the models in the Langley 7- by 10-f oot tunnel with those obtained 
by the rolling- flow method in the Langley stability tunnel. 
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