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SUMMARY 

A low- speed wind-tunnel investigation was made of a -1--scal e model 
4.5 

of an airplane having a 38. ~ sweptback wing with an a spect ratio of 4 . 51 , 
a taper ratio of 0. 54, and convent ional tail surfaces . The investigation 
was conducted with several leading-edge and tail configurations to 
determine the low-speed stability and control characteristics . Good 
agreement was obtained between values of the lift-curve slope and the 
angle of attack for maximum lift obtained experimentally and the calculated 
values obtained by using a cosine r elationship with lift-curve slopes and 
angle of stall of t he unswept wing. A l eading-edge modification simulating 
a c ircular-arc wing gave a value of 0. 51 f or the slope of the tail-off 
lift curve and a maximum lift coefficient of 0.88 as compared with corre­
sponding values of 0.59 and 1.04 for the plain wing. 

In general, the model showed a large margin of static longitudinal 
stability about a cent er of gravity located at 18 percent of the mean 
aerodynamic chord. At lift coeffic i ent s near the stall, particularly 
with the flaps down, there was a decrease of stab i lity and sometimes 
instabili ty existed through a small lift-coeffic i ent r ange , which was 
followed thereafter by increased stability at stall . The elevator, how­
ever, was capable of trimming the model at maximum lift. The simulated 
c ircular-arc wing gave a large variation of longitudinal stability with 
lift coefficient. The stat i c margin was l arge at low lift coefflc ient s , 
negative at higher lift coeffi cients and, at maximum lift, was large a a in. 

The effective dihedral of t he model increased with lift coeffi ~ient 

in a manner similar to that obtaine d with other swept wings and the 
variation of effective dihedral with lift coefficient for the wing alono 
..... as in good agreement with the cal culated value . A good corre lat i on o.t' 
wing- fuselage interference effect on effecti ve dihedral wa s· obtaindd 
between data for the test model · and other American and German data. Thiel 
model gave low aileron effectiveness for all leading-edge c onfigur~t ' OIl­

tested . 
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INTRODUCTION 

The 'sweptback wing offers a means of increasing the speed of an 
aircraft to a value approaching the speed of sound by delaying compres­
sibility effects . When the wing is sweptback, however, the aerodynamic 
characteristics are usually adversely affected in the low-speed range. 

The present paper contains the aerodynamic characteristics of 

a -1--scal e model of an airplane with a sweptback wing as determined 
4.5 

from tests in the Langley 300 MPH 7- by 10-foot tunnel. The usual 
stability and control tests were made and, in this case , several leading­
edge configurations (plain, slotted, and drooped nose) which might be 
used with a sweptback wing design were investigated. Data with various 
tail configurations are given. Also included are the results obtained 
with a s imulated circular-arc airfoil section. 

A separate investigation was made to determine the flight charac­
teristics of a similar full-scale airplane and to determine whether 
correlat ions are possible between wind-tunnel results and flight- test 
results on sweptback wings . The r esults of the flight investigation are 
reported in references 1 and 2. 

COEFFICIENTS AND SYMBOLS 

The results of the tests are presented as standard NACA coefficients 
of forces and moments . Rolling-, yawing- , and pi tching-moment coefficients 
are referred to a center of gravity located at 18 percent of the mean aero­
dynamic chord. (See fig . 1.) The data are referred to the stability axes, 
which are a system of axes having their origin at the center of gravity 
and in which the Z-e.:x:is is in the plane of symmetry and perpendicular to 
the relative wind, the X-axis is in the plane of symmetry and perpendicular 
to the Z-axis, ~d the Y-axis is perpendicular to the plane of symmetry . 
The positiye directions of the stability axe s and of angular di splacements 
of the airplane and control surfaces are shown in figure 2 . 

The coefficients and symbols are defined as follows : 

CL lift coefficient (Lift/qS ) 

Cx longitudinal- force coefficient (X/qS ) 

Cy lateral- force coefficient (Y/qS) 

Cl r olling-moment c oeffi c ient (L/qSb ) 



• 

- ------ -.~~----------

NACA TN No. 1742 3 

x 

Y 

Z 

L 

M 

N 

q 

qt 

S 

St 

c 

C 

b 

V 

D 

R 

A 

pitching-moment coefficient (M/qSc) 

yawing-moment coefficient (N/qSb ) 

maximum lift coefficient obtained for a particular configuration 

increment in due to wing- fuselage int~rference 

~1~ing-f.U8elaB" combination - CIt wing alone) 

longitudinal force along X-axi s, pounds 

lateral force along Y-axis , pounds 

normal force along Z-axis (Lift = -Z~ pounds 

rolling moment about X-axis, pound- foot 

pitching moment about Y-axis , pound- foot 

yawing moment about ZrlDcis , pound- foot 

free-etream dynamic pressure , pounds per square foot (pV2/2) 
effect ive dynamic pressure at tai l, pounds per square foot 

wing area (12 . 36 sq ft on model ) 

horizontal tail area (2 . 29 sq ft on model ) 

wing mean aerodynamic chord (1 . 733 ft on model) 

wing chord, feet 

wing span (7.47 ft on model ) 

air velocity, feet per second 

propeller diameter ( 2 . 574 ft on model ) 

Reynoldo number 

aspect ratio (b2/S) 
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maGG density of air, slugs per cubic foot 

angle of attack of root chord line , degrees 

angle of attack of thrust line, degrees (~- 1 . 200 ) 

angle of ~aw, degrees 

wing tip helix angle in roll, radians 

fuselage length, feet 

fuselage diameter, feet 

dis tance of wing above fuselage center l i ne , feet 

average downwash angle at tail, degrees 

angle of stabilizer with respect to thrust line, posit i ve when 
trailing edge is down, degrees 

control - surface deflection , measured in a plane perpendicular to 
hinge axis, degrees 

propeller blade angle at 0 . 75 radi us , degrees 

neutral- point location, percent wing mean aerodynamic chord of 
model 

leading-edge sweep angle, degrees 

wing dihedral angle, degrees 

taper ratio (Tip chord/Root chord ) 

rate of change of downwash with angle of attack 

Sub script .c' : 

a aileron 

aL left a ileron 

e t:lcvu:Lol' 

• 
r ruJ. nr 

f' ;'lap (rear lHt flup ) 

t· 1 
L!! no:::,: ! ' . P 

• 
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t hori zontal tail 

denoteR partial derivative of a coeffi c i ent with respect to 

yaw ( example : C 2 = de 2' 
1jr d lJi/ 

APPARATUS AND TESTS 

Model 

5 

General.- The airplane which t he model slmulated (references 1 and 2 ) 
is a sweptback-wing version of a conventional fighter-type airplane which 
was adapted for tests by sweeping the wing back 350 from a point just 
outboard of the intake ducts in the manner shown in figures 1, 3 , and 4 
and by redesign of the wing tips . The modificat ions re sulted in a wing 
having the following parameters : 38 .70 sweep of the l eading edge, 
4.51 aspect ratio, and 0. 54 taper ratio. The ~4 -scale model used in 

. 5 
the present investigation is shown in figure 3 mounted in t he tunnel for 
testing. 

Propeller .- The propeller on the model is a t hree-blade exact-scale 
model of the propeller used on the full-scale airplane. 'I'he blade angle 
used for all tests was 280 at the 0.75 radius. 

Wing modificat i ons .- The wing was so constructed that a slotted 
section could be fitted along the leading edge of the sweptback part . 
The percentage of swept span covered by these slots c ould be varied in 
four steps measured from the wing tip - 40, 60, 80, and 100 percent span -
as shown in figure 4. Typical sections through the slot are shown in 
figure 5. When the slot s are closed , the configuration is referred to as 
the plain nose or plain wing. The outer 40--percent-wing span could also 
be fitted with a droop-nose flap having a 300 deflection. A typical 
section of the nose flap i s shown in figure 6. A center- sect ion nose 
fairing wa s use d in some tests to f ill in the unswept part of the wing 
in front of the intake ducts and thereby to give the entire leading edge 
a sweep of 38 .70 • (See fig . 7.) For part of the investigat ion the wing 
section was changed to a simulated cir cular-arc section by the addition 
of a sheet metal fairing with a circular-arc contour at the leading edge 
of the wing. The fairing extended f rom the fuselage intersection to the 
tip of the wing. The resultant a irfoil t hickness was approximately 
14.8 percent of the extended chord . This modification resulted in a 
chord increase of 1~ . 0 percent and an area incr ease of 12 . 69 percent over 
that of the original wing. (See f i g . 8 .) The outer 40 per cent span of 
the circular-arc wing was equipped with r eplacable nose flaps of 00 , 150 , 

or 300 deflections . Figure 9 shows the cir cular-arc model equipped with 
the 150 nose flap . Typical sections of the cir cular-arc wing are shown 
in figure 10 . 

All wing configurat i ons had plain lift flaps and ailerom of airfoil 
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contour with the flap and aileron chord 15.1 percent of the wing chord 
perpendicular to the hinge axi s . The flap span was 52 per cent of the 
wing span . 

Tail configurat ions .- The modifications to increase the fuselage 
l ength of the model were different from t hose of t he full-scale airplane 
of references 1 and 2. On the full-scale airplane a 4-foot section, 
which would corr e spond to 10.667 inches on the model, of constant cross­
sect ional area, was a dded j ust behind the cockpit at a point that would 
correspond to the 51 . 44-inch station on the model and provisions were 
made for decreasing the stabilizer incidence 40 as indicated by the dash 
line of figure 11 . On the model the tail length was increased by adding 

• a section of constant cross-sectional area behind the 68 . 8B-inch station 
with no change in tail height as shown by the heavy line of the figure . 
The stabili zer of the model was ad justable . 

The model was tested with var ious ventral- fin arrangements shown in 
figure 11 . The model originally had a small ventral fin extending some 
distance along the fuselage ; this model configuration is referred to 
herein as t he model with ventral fin 1. Ventral fins 2 and 3 were large 
fins attached to the model with the extended fuselage , as shown in 
figures 7 and 12 . The general arrangement of the various tail configu­
rations is shown in figure 11 . 

TEST CONDITIONS AND PROCEDURE 

The investigation was made in t he Langley 300 MPH 7- by 10-foot 
tunnel at a dynamic pressure of approximately 40. 85 pbunds per squar e 
foot for most tests . For the f ew power tests that were made, the dynamic 
pressure was reduced to a value of 15.12 to secure the desired thrust 
coefficient . For some of the tests, a turbulence net was installed in 
the tunnel which increased the effect ive Reynolds number by a factor 
of 2 . 24 , as determined from sphere tests at the pivot PQint . The effec­
tive Reynolds number of the tests varied from 2.05 X 106 with the net 
out to 4 . 59 X 106 with the net installed . The effective Re ynolds 
number at which each test was made is noted on the figures. 

The stability and control characteristics of the ~-scale model 
4.5 

were obtained by maintaining control surfaces at the desired setting and 
by varying the angle of attack or angle of yawJ depending on the desired 
characteristic. The l ateral and direct ional-stability derivatives were 
obtained from pitch tests at angles of yaw of ±50 by assuming linear 
characteri stics over the small yaw range . Aileron effect iveness was 
measured from data taken with only the left aileron deflected, the right 
aileron being maintained at zero deflection . 
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In order to obtain data consi stent with t he ~light data of r ef erence s 1 
and 2, t he test s of the model were conduct e d with the mai n wheel s down, 
as r etract ion of the main wheel s on the a irplane was imposs ible . The 
nose- wheel door of the model was also left o~f ~or tests with the s imulat e d 
c ircular-ar c wing . 

Most of t he t e sts wer e made with the propeller windmilling, a few 
wi th t he propelle r removed, and a few with t he power on. For the power­
on t e st s a l evel -- flight condition was appr oximated by varyi ng t he pr opeller 
r otational speed to obtain zero net drag with the tunnel oper ating . For 
power ed yaw t ests the propeller rotat ional speed was hel d constant at 
approximately 3000 rpm f or the condition corresponding to zer o net drag 
at 00 yaw. For t he se test s t he model propeller tor~ue coeff i c i ent wa s 
s l i ghtly l e ss than t hat f or a corresponding power condi tion on t he full­
scal e air plane . 

For the purpose of obtaini ng some information on effective dihedral , 
the wing was tested without the fuselage . I n this ca se , the main landing 
gear r emained on t he wi ng. 

All tail-off tests were made with the vent ral fin r emoved . 

Some test s were made with wool t ufts attached to the wing to observe 
t he a ir flow along t he sur~ace of t he wing. The re sult s of some of these 
vi sual observations are . reported in t he paper . 

Correct ions 

Approximate j et - boundary correct i ons based on methods used f or 
unswe pt wings have been applied t o the angles o~ attack , the longitudinal­
f or ce coeffi c i ents , and t he tail-on pi tching-moment coeffi c i ents . The 
corrections were computed as follows by t he use of r efer ence 3 : 

6~ = 1.42CL (deg ) 

6CX -O. 0198cL2 

All j et-boundary correct ions wer e added t o t he test dat a . 

All data were correct ed for blocki ng by t he method given in r ef er ence 4 . 
(The correction factor was 1 . 0204 . ) An incr ement in l ongi tudinal- force 
coeffi c i ent of 0 . 0006 has been adde d to take into account t he hori zontal 
buoyancy effected by the longitudinal stat i c- pressure gradient in the 
tunnel for all t est s . 
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Tare tests wer e not made; hence the data are uncorrected for the 
effect of the model support strut s . 

RESULTS AND DISCUSSION 

Presentation of Data 

The aerodynamic characteristics in pitch for the various model 
configurations are presented in figures 13 to 34. The effect of l eading­
edge slots on the lift characteristics are compared in figures 13 to 16 . 
The results of stabilizer tests to determine the longitudinal stability 
are presented in figures 17 to 25 whereas the neutral point s , which 
summarize the r esults on longitudinal stability, are presente d in 
figures 26 to 29. The corresponding dynamic pressure ratios and downwash 
angles are given in figures 30 to 32 . The longitudinal control charac­
~eristic s of the various models are summarized in figures 33 and 34. 

The lateral and direct ional stability derivatives , which were obtained 
at +50 yaw, are presented in figures 35 to 48 . Figures 49 to 59 contain 
the- aerodynamic characteristics between ±JOo yaw from which the lateral 
and directional stability at large angle s of yaw may be determined. The 
effect of aileron deflect ion on the aerodynamic characteristics in pitch, 
are given in figure 60. The lateral control characteristics of the model 
which include an estima~ion of the rate-of- roll of the airplane, are 
presented in figures 61 to 65. Direct ional control characteristics are 
given in figures 66 to 68 . 

Lift Characteristics 

Pla in sweptback wing.- Because of the sweep de s igned into the a ir­
plane wing, t he lift characterist i cs would probably be materially changed 
f r om those of the unswept wing . Characteristics usually affected are the 
slope of the lift curve and the angle of attack at which stall occurs . 
The slope of the tail-off lift curve CL for the swept-wing model 

a 
is 0.0~9 (fig . 21) as compar ed with 0 .077 for the 
( from unpublished data). The swept-wing value of 

unswept wing model 
CL obtained from 

a 

tests is only slightly small er than the calculated value of 0 .060 obtained 
by using the value for the unswept wing and multiplying by the cosine of 
the angle of sweep of the leading edge . Reference 5 states that for 
moderate angles of sweep the maximum lift coeffic ient is independent of 
the angle of sweep but the angle of attack for the maximum lift varies 
inversely as the cos no of the angle of 3weepback . I n the present 
investigation, the maximum lift coeffic ient obtained for the tail-off 
configuration was 1.04, which is in good agreement with that obtainod 

I 
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for the unswept wing. The angle at attack at which C
Imax 

occurred on 

the unswept wing was 16.40 (unpublished data) and for the swept wing 21.3 0 

as shown in figures 14 and 15. These values indicate agreement with the 
inverse cosine relationship previously stated. 

Leading-edge slots.- As high-lift devices the leading-edge slots de­
signed for the airplane were effective in producing additional lift for 
each incremental increase in slot span. Figure 15(a) shows that, with 
the propeller removed and flaps up, CLmax varied from 1.03 with no 

slots to 1.27 for the 100-percent-span slots. Similar results were 
obtained with flaps down (fig. l5(b)). The effectiveness of the flaps 
appeared to be a function of the slot span. For 40-percent-span slots, 
C

Lmax 
increased from 1.09 to 1.14 when the flaps were deflected; whereas 

for 100-percent-span slots CLmax increased from 1.27 to 1.43. 

Nose flap.- The outboard 40-percent-span slots were replaced in some 
of the tests by a leading-edge droop-nose flap deflected 300

• This 
arrangement was responsible for an increase in CLmax of 0.07 (fig. 22), 

a small increase in the lift-curve slope, and, like the slot, gave greater 
drag in the low angle-of-attack range. 

Wing-center-section fairing .- The faired center section, which 
increased the wing area, gave an increase in CLmax of about 0.07 ( see 

fig. 23) and also a small increase in the slope of the lift curve. These 
increases were not entirely accounted for by the wing-area increase. 

Circular-arc wing.- The circular-arc-wing data presented in figures 24 
and 25 are based on the area of the plain wing. The coefficients may be 
reduced to the basis of the circular-arc wing by multiplying the lift- and 
longitudinal-force coefficients by 0.888 and the pitching-mo~ent coef­
ficients by 0.772. The slopes of the tail-off lift curve based on the 
respective wing areas, was 0.051 for the circular-arc wing as compared 
with 0.059 for the plain wing. The maximum lift coefficient, also based 
on the respective areas, was 0.88 for the circular-arc wing as compared 
with 1.04 for the plain wing. The angle of attack for CLmax was 

reached for the tail-off configuration at ~ = 200
, but with the other 

configurations it was not apparent whether the point at which testing 
ceased (~ = 240 ) was the angle of attack for CLmax. The nose flaps 

were effective in increasing the maximum lift coefficient by an 
increment 6CLmax ~ 0.07; however, the 300 deflection appeared to be no 

more effective than the 150 deflection. 
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Figures 24 and 25 show a rapid rise in the longitudinal-force coef­
ficient with lift coefficient for values of CL> 0.5 which will result 
in ' the circular-arc wing having large sinking speeds at landing velocities 
with power off. For a wing loading of 32 pounds per square foot and 
a CL ~ 1.0 (115 mph) the sinking speed of the cir6ular-arc wing will 
be about 75 feet per second as compared with 25 feet per second with the 
plain sweptback wing. The sinking speed for the circular-arc wing is a 
minimum of about 35 feet per second at a CL ~ 0.65. A large amount of 
power will no doubt be needed to make a satisfactory landing with the 
circular-arc wing. 

Longitudinal Stability 

The stick- fixed neutral points np of figures 26 to 28 were computed 

from the data of figures 17 to 23 by the graphical method described in 
reference 6. A large margin of stability is indicated through most of the 
lift range with the center of gravity at lS-percent mean aerodynamic chord . 
The neutral points are believed to represent fairly closely the stability 
of the model until the region of maximum lift is attained. In a small 
range of lift coefficient near maximum lift the pitching-moment coefficient 
changes rapidly with lift· coefficient, first becoming less stabilizing, 
then becoming extremely stabilizing. The neutral points through this 
small range of lift coefficient are indicative of the trend in stability 
rather than the absolute value of the margin of stability. The difficulty 
in determining ne~tral points for the plain wing was also encountered for 
the circular-arc wing over a larger range of lift coefficient than for the 
plain wing. 

Presence of the propeller .- Because of its sweptback wing the test 
airplane might be considered a high-speed airplane in which the low-speed 
characteristics were to be determined. In such a case the propeller would 
be replaced by a Jet and the longitudinal stability would be different 
because of the absence of forces on the propeller, which are known to be 
destabilizing . The neutral points of figure 26 show the destabilizing 
effect of the windmilling propeller; the neutral points are farther for­
ward on the mean aerodynamic chord than with the propeller off . The 
static margin varies from 0- to 4-percent mean aerodynamic chord through 
the lift range. 

Tail length.- The directional stability of the original configuration 
was inadequate , and the fuselage was therefore lengthened . The result of 
this modification on the stick-fixed neutral points of the model is shown 
in figure 27 . As would be expected, the neutral-point position was 
farther r earward. This rearward movement of the neutral point represents 
un increase in longitudinal stabili ty , which is partly a result of the 
increase in the tail moment arm . Also with the extended fuselage the tail 
i s situated in a region of more favorable downwash as figure 30 shows 
dE/d~ is smaller through the angle-of-attack range. The stability of 
the extended- fuselage model (fig. 27 ) approaches that of the original model 
with the smaller tail length at high angles of attack. This result may be 
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accounted for by the rapid decrease in dynamic pressure at the tail for 
the large angles of attack for the extended fuselage. 

Leading-edge slots.- The pitching-moment characteristics of the 
original model have been replotted to a staggered scale in figure 15 to 
show the effect of varying the slot span on the pitching-moment coef­
ficients near maximum lift. The coefficients for the 60-percent-
and 80-percent-span slots tend to increase in a positive direction just 
before maximum lift is reached, indicating a decrease of stability. 
With lOO-percent-epan slots the model does not exhibit a decrease of 
stability with zero flap deflection. 

The neutral points for the 0-, 40-, and 8O-percent-span slot config­
uration are shown in figure 28 for the flape-up condition. Also shown in 
the aerodynamic-center variation of the wing-fuselage combination for 
each slot configuration. The variation of aerodynamic-center location 
with lift coefficient closely resembles the neutral-point variation with 
lift coefficient for a given configuration. This variation indicates the 
relative influence of the wing itself on the stability of the compl ete 
model at any lift coefficient. 

The 8O-percent-span slots gave the greatest margin of stability for 
a range of lift coefficients from 0.3 to 0.9 (fig. 28). The rate of 
change of downwash with angle of attack (fig. 31) is smaller for the 
80-percent-span slots than for the O-percent-span slots (0.28 as 
against 0.41). This result would be a factor tending to increase the 
stability with the 8o-percent-span slotted wing; however, a factor 
tending to make the 8O-percent-span slotted wing less stable would be the 
lower dynamic pressure that exists at the tail for this configuration. 

The tendency of the pitching-moment-coefficient curve to increase 
in a positive direction near maximum lift, mentioned in connection with 
the 60- and 8O-percent-span slots configuration with flaps up, is magni­
fied when the flaps are· deflected by a sharp break near the stall, both 
with the tail off and with the tail on. (See figs. 19 and 20.) The 
cases of instability near C

Lmax
' therefore, seem to be mainly a function 

of the stall pattern. 

Nose flap.- The pitching-moment-coefficient data for the wing with 
the 30o-deflected nose flap (40-percent span) are compared with data for 
the plain nose in figure 22. The stability characteristics appear to be 
quite similar. 

Wing-cente~ection ~airing. - Addition of a faired center section 
to the wing tended to increase the pitching moment in a positive direetion 
and thus to make the model less stable as shown by figure 23. This 
addition probably increased the relative loading of the wing at the root 
with a forward shift of the aerodynamic center. Some additional downwash 
at the tail might have also resulted. Visual observations of a model with 
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wool tufts attached to the surface indicated that the faired center sec­
tion delayed separation at the root near the trailing edge until a very 
high angle of ' attack was obtained. 

Circular--e.rc wing.- The addition of the circular-e.rc leading edge 
to the model caused a marked change in the longitudinal stability charac­
teristics with lift coefficient as figures 24 and 25 indicate . The 
static margin of stability is large at low lift coeffiCients, is negative 
at lift coefficients between 0.4 and 0.9 depending on the flap config­
uration, and the stability rapidly increases at higher lift coefficients. 
As an example of the change in stability the case where of = 00 

and of = 150 (fig. 29) may be considered; as the lift coefficient 
n 

increases, the neutral point moves rapidly forward from the 37-percent 
mean-e.erodynamic-<::hord point at CL = 0 to the leading edge or farther 

at a CL = 0.66, from which it moves rapidly to an extreme rearward 

position at CLmax• 

This variation in stability may be explained in part by the similar 
manner in which the aerodynamic center of the wing-fuselage combination 
varies with lift coefficient (fig. 29). At CL = 0 the tail-off aero-

dynamic center is at 13 percent mean aerodynamic chord; whereas at CL = 0.60 

the position is at -9- percent mean aerodynamic chord; then at C
Lmax 

the 

position is extremely rearward. The large rate of change of downwash with 
angle of attack (fig. 32) is also responsible in part for the large degree 
of instability exhibited in this model. Brief tuft studies show that, for 
values of a between 30 and 40 and Of = 00 , the flow changes direction 

just back of the leading edge, at about half the semispan, from a normal 
direction to a spanwise outboard ·flow parallel to the leading edge. At 
this angle of attack (dCm/dCL ) tail on changes from a ne gative value to 
a positive value (fig. 25). At a slightly higher angle of attack (a = 60

), 

additional spanwise area is affected and d E/&a changes from a value 
of 0.3 at a = 30 to 1.06 at a = 60

• Separation in the normal sense does 
not take place at the tip until a ~ 90 is 'reached. The increase in the 
relative loading of the inboard section probably accounts for the large 
positive variation in dCm/dCL and dE/da and conse~uently the decrease 

of stability. 

Longitudinal Control 

An est imate was made from the data of figure 33 of the e levator 
deflection re~uired for trim in steady flight for the t est airplane and 
i s presented in figure 34 . These data show the individual effect of 
moving the center of gravity and extending the fuselage. The data of 
figure 33 were used as a basis to estimate the elevator deflection re~uired 
for trim for the extended fuselage model and also for the original model. 
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Figure 34 indi cate s that the elevator is capable of trimming the a ir­
plane at either the design center of gravity (l8-percent M.A.C.) or the 
center of °gravity at which the airplane was flown (22. 5-percent M.A.C.). 
Near stalling speed , a large upward movement of the elevator is indicated 
with no change in speed, as a result of the very large increase in 
stability or loss in elevator effectiveness . 

The difference in elevator re~uired for trim between the original 
model and the extended-fuselage model is small . The data indicate that 
the original model will re~uire about 30 l ess up elevator near maximum 
lift coefficient and slightly less down el evator at high speed than the 
extended-fuselage model . 

Lateral Stability 

The ~-scale model of the test airplane shows the same general 
4 .5 

variation of effective dihedral parameter with lift coefficient as do 
other sweptback-wing models, that is, increased values of Cl with CL" 

i' 
The amount of effective dihedral obtained with this model and the exact 
variation with lift coefficient depend upon the leading-edge and tail 
configurations (figs . 35 to 59 ). 

Scale effect .- Before the effect of any model changes on the lateral 
stability is analyzed, the variation of Reynolds number during the test 
program should be considered . The data of figures 35, 36, and 49 indicate 
that the slots were an effective means of delaying tip stall as indicated 
by the large values of C

2 
near maximum lift. Without slots the values 

1\r 
of C decreased sharply at the relatively low Reynolds number 

It 
of 2 .05 X 106 . When the effective Reynolds number was increased 

to 4 . 59 X 106 with the aid of a turbulence net, (figs . 40 and 52) the 
unslotted wing showed no significant loss in effective dihedral other than 
that directly assoc iated with stall. Figures 40 and 52 also serve to 
illustrate the Reynolds number effect at high angles of attack. (Alt hough 
the tail configurat ion is different for the two Reynolds numbers, 
figures 38, and 40 (b), and 41 show that the tail has little effect on 
effect ive dihedral at CL ~1.0.) Data obtained in the Langley 19-foot 

pressure tunnel on a wing of similar airfoil section showed a cor re­
sponding effect of Reynolds number on the effective dihedral of a swept 
wing. 

Wing-fuselage interference .- The term "wingo-fuselage interference " 
as used herein is defined as the difference in the effective dihedral of 
the wing alone and the effect ive dihedral of the wing-fuselage combination . 
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The effect of the 
dihedral parameter is 
span slots (fig . 38). 

various airplane components on the effective 
shown for the original model with 80-percent­
The in8rease in Cz~ at large values of CL for 

the complete model and the model with the tail off i s associated with flow 
breakdown at the root of the trailing wing which nullifies the primary 
negative dihedral effect due to wing- fuselage interference . Note that 
the primary interference effect is a 6CI~ which varies from -0.0010 

at CL = 0 to -0.0013 at CL = 0 . 9 for the flap-neutral condition and a 

somewhat smaller contribut i on which varies with CL with the flaps down 

(fig . 38(a )). The effect of the windmilling propeller is included in these 
increments but is small, about 0.0002 at a lift coeffic i ent of 0.68, as 
i s indicated by figure 54 . 

The effect of the wing- fuselage inter ference on effective dihedral 
has been noted before for unswept wings (reference 7) and has been 
investigated in Germany for sweptback wings ( reference 8 ). Some of the 
data from these sources are replotted in figures 47 and 48. Shown in 
figure 47 are sample incremental values 6C 1 ~ of effective dihedral 

caused by wing- fuselage interference for an unswept wing in various 

positions ~ on a circular fuselage. The discrepancy between the data 
c 

of references 7 and 8 for the low wing position points to the importance 
of the wing- fuselage juncture filleting in influencing the effective 
dihedral. The tests of reference 7 were made without fillets. The effect 
of filleting is to reduce the variation of 6CI~ with CL. For the well -

filleted model of reference 8, there is little variation of 

with CL up to CL = 0.9,. at which point the previously mentioned flow 

breakdown occurs, and the act ion is somewhat similar to the action of 
the unfilleted wing of figure 47. 

Figure 48 indicates that variation of fuselage shape or sweepback 
angle has only a secondary effect on the variat ion of 6C

1v 
with vertical 

position K of the wing on the fuselage. The value 6CI~ = -0. 0010 

mentioned previously for the airplane model is spotted on the graph, and 
the correlation is good . 

For the complete model, an effective dihedral of about 100 

(C 1 ~ = 0.0020) was obtained at CL = 1. 0 for most of the conditions 

investigated. The dihedral effect obtained with the wing alone was 
apprec i ably increased, inasmuch as the negative di hedral effect of the 
wing-fuselage interference is absent (figs . 38 and 50). The rate of 
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change of C2 with CL has been calculated as 0.0036 for the wing alone 
V . 

by an empirical method based on data obtained in the Langley 300 MPH 
~by 10-foot tunnel which compares favorably with the measured slope 
of 0.0032 for the unslotted wing (fig. 35 ). This method considers only 
a fully swept wing; whereas, the airplane has an unswept center section 
which would tend to reduce the variation of C~ with C . 

~ 'Ir L 

Effect of slots .- The slots show their greatest effect on lateral 
stability by delaying tip stall and thereby maintaining effective dihedral 
at the low Reynolds number as was discussed under "Scale effect" . There 
are some other effects. The breaks in the curve of C plotted 

2t 
against CL at a CL ~ 0.2 (figs. 35 to 40) are probably due to an 

inter~erence between the slot and the leading edge of the airfoil. The 
unslotted wing of figure 41 does not show the break in the curve . Nearly 
all arrangements of slots for the complete model give a value 
of C2 = 0.0020 at CL = 1.0. Because the slots are effective in 

'Ir 
increasing C

Lmax 
the effective dihedral is maintained to a larger lift 

coefficient, especially with 8o-percent-epan slots. 

Tail modificat ions.- The lateral stability derivatives of the original 
model (ventral fin 1) and the model with the extended fuselage are compared 
in figure 39. The effects of ventral fin 2 are also shown . The extended­
fuselage model shows slightly less dihedral effect than the original model, 
probably because the center of pressure of the vertical tail is r el atively 
lower. For the same reason, the addition of a large ventral fin to the 
model reduced the effective dihedral from that of the model without the 
ventral fin. The use of a still larger ventral fin (fin 3 ) on the model 
gave similar results (fig. 40 (b)). The same effects are also shown in 
the characteristics at large angles of yaw (figs. 51 and 52). 

Power effect.- The effect of power on the effective dihedral is shown 
in figure 42. Through most of the lift range the effective dihedral is 
approximately 20 more with power on than with propeller windmilling. 

Nose flap .- A nose flap' deflected 300 and covering 40 percent of the 
sweptback-wing span decreased the rate of change of C

2 
with CL 

'Ir 
from 0.0021 to 0.0018 as shown in figure 43 . The maximum values of C2 'Ir 
were not changed appreciably from the values obtained with the plain wing. 

Wing-center-section fairing.- The addition of a faired center section 
to the wing (fig. 44) gave about 1 0 less dihedral effect than the plain 
wing for a given lift coefficient , that is C

2 
is approximately 0.0002 

'Ir 
less than that for the unfaired wing . 
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Qircular-arc wing.- The lateral stability characteristics of the 
model with circular-arc wing with several nose flap deflections are 
compared in figures 45 and 58. For the wing with of = 00 the effective 

n 
dihedral reaches·a maximum. value of --ro (C7,'If = 0.0015) at a CL ~ 0.5 

after which the dihedral effect decreases. This decrease is probably 
the result of tip stall of the leading wing. Nose flaps which tended to 
delay tip stall also reduced the variation of effective dihedral with 
lift coefficient. Deflection of the trailing-edge flaps produced no 
significant changes in C7, (fig. 46). 

" 
Directional Stability 

Original model.- The directional-stability parameter Cn (figs. 35 
t 

and 38) indicates that the wing alone possesses a large amount of direc­
tional stability which increases with lift coefficient to the point where 
the wing stalls. The increased stability is probably the result of the 
increased drag differences between the two wing panels at high values 
of lift coefficient. In the process of stalling the effect is reversed, 
and increasing lift coefficient decreases the directional stability. The 
fuselage and .propeller contribute their normal destabilizing action which 
affects Cn " by approximately 0.0014 at CL = 0.6. The contribution of 

the vertical tail to the directional stability of the model, 6C varies 
n'lf 

from -0.0021 at low lift coefficient to -0.0013 near stall for the flaps­
up configuration. The contribution of the vertical tail to the directional 
stability is slightly greater for the flaps-Qown configuration. With 
leading-edge slots Cn'lf of the complete model is small (about -0.001) 

through most of the lift range except at Crwu where Cn'lf ~ O. 

The model showed a net gain in directional stability as a result of 
sweeping the wings back even though the tail length was effectively 
shortened in the process. At a CL = 0.4 (fig. 38) the plain wing model 

gave a value of -0.00105 for the slope of the yawing-moment-coefficient 
curve, which included the destabilizing effect of the windmilling propeller. 
Figure 54, which is for a different model configuration, shows that the 
destabilizing effect of the windmilling propeller was an increment 
of Cn'lf of 0.00063 (C - Cn ). Therefore the 

~propeller off 'lfpropeller on 
plain swept wing model minus propeller would give a value of -0.00168 
for C as compared with a value -0.00135 for the unswept wing model. 

n'lf 
The net gain in the directional-stability parameter as a result of 
sweeping the wings back was an increment in Cn'lf of -0.00033. 
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Effect of slots.- The effect of slots on the directional stability 
is negligible except near stall where the directional stability is 
maintained to higher lift coefficients (figs. 35 to 41). 

Tail modifications.- One of the reasons for extending the tail 
length on the airplane was to increase the directional stability at high 
lift coefficients. The effect on en of increasing the model tail length 

'" by 10 . 9 i nches is shown in figure 39 for both flap configurations. This 
modification, denoted as the extended fuselage, increased the directional 
stability at low lift coefficients but gave stability at high lift coef­
ficients which was about equal to or less than that provided by the original 
configuration. The loss in stability of the extended-fuselage model might 
be the result of the lower values of dynamic pressure at the tail. (See 
fig. 30.) The addition of a large ventral fin (fin 2) to the model with 
the extended tail provided an appreciable increase in stability for both 
f1ap·configurati ons. 

A slightly larger ventral fin (fin 3) with the 40-percent-span slot 
configuration gave a slight increase in directional stabilit y. (Compare 
figs. 39(b) with 40 (b).) 

For all tail configurations mentioned the yawing-moment-coefficient 
curves of figures 50 to 52 have a stable slope throughout t he yaw range 
tested, '" = ±JOo . There is no evidence of tail stall with t he undeflected 
rudder. 

Level flight power.- Because the flight tests were conducted with a 
windmilling propeller to simulate more closely the conditions of a jet­
propelled high-speed aircraft, the effect of power-on directional 
stability is of small importance. However, for the level-flight power 
conditions represented in figure 42, C is approximately -0.002 f rom. 

n'f 
CL = 0 to C

Lmax
• other data showing the effect s of power-on directional 

stability appear in figures 55 and 56. 

Nose flap .- The data for the nose flap, which was deflected 300
, are 

given in figures 43 and 57 and indicate a slight incre~se in directional 
stability over that of the plain airfoil or of the airfoil with undeflected 
nose flap. 

Wing-center-section fairing.- The effect of the faired cent er sect ion 
on the directional stability of the model was negligible. (See fig. 44.) 

Circular-arc wing.- The circular-ar c wing model (extended fuselage, 
ventral fin 3) shows a large decrease in directional stability with 
increased lift coefficient throughout the lift range for any of the three 
leading-edge flap configurations. (See fig . 45. ) For exampl~, with the 
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leading-edge flap deflected 150~ the value of C~ is -0.002 at 

The large 108s in stability CL = 0.5 and Cn~ is zero at CLmax 

appears to be th~ result of a blanketing effect of the wing ~n the tail~ 
as would ~eem to be indicated by the absence of a similar loss of stability 
with the tail off (fig. 46). Additional directional stability data at 
a CL ~ 0.7 and large angles of yaw are given in figures 58 and 59. 

Lateral Control 

The aileron characteristics for several leading-edge configurations 
on the airplane model are given in figures 60 to 64. The aileron 
effectiveness C1 for the various configurations are presented in the 

°a 
following table: 

C1 
of °a 

(deg) &:>-percent-span Plain wing Circular-arc wing 
slotted wing 

0 0.00090 0.00086 0.00088 

45 .00083 .00090 .00078 

The values presented in the table represent the average slope of the 
rolli~-moment-coefficient curve between -100 and 100 aileron deflection 
and 00 and 180 angle of attack. The variation in that range was small. 
The ailerons of the plain sweptback wing appear to be more effective with 
the flaps down than with the flaps up~ whereas in the other two cases the 
reverse is true. 

The ailerons of both the &:>-percent-epall slotted wing and the 
circular--arc wing appear to be effective throughout the angle-of-attack 
range for each deflection tested (figs. 60 and 64). However~ at about 
190 angle of attack the rolling moment provided by the ailerons of the 
plain wing decreased to zero and had a reverse effect (fig. 63). Such an 
effect, however, might be the result of the low Reynolds number of the 
test. Apparently the slots aid in controlling the flow over the aileron. 
The ailerons of the circular-arc wing show no tendency to decrease in 
effectiveness even near maximum lift coefficient. 

The effectiveness of the left aileron in yaw with the 8o-percent­
span slotted wing is shown in figure 61 for a CL ~ 0.6. The data have 
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been replotteQ in figure 62 and applied to both ailerons deflected 
simultaneously as would result with the airplane in a sideslip. The up 
aileron which is on the leading wing panel becomes more effective as the 
yaw angle is increased. The down aileron of the trailing wing panel 
becomes, of course, less effective as is indicated in figure 62. It is 
estimated from the data of figure 52, which is for a high angle of attack, 
that the aileron will trim. the model in yaw, flaps up, at approximately 13.~ 
with the aileron deflected ±15° (airplane limits). 

The aileron characteristics for the 8o-percent-epan slotted wing are 
summarized in figure 65 where the wing-tip helix angle pb/2V is given 
as a function of aileron deflection for several velocities. The value 
of the damping coefficient in roll C

L 
used to evaluate pb/2V was 0.333 and 

p 

was determined from data of full-scale tests on sweptback wings, corrected 
for.. t~per, aspect ratio, and sweep angle . The values of pb/2V presented 
were reduced by 25 percent as an arbitrary correction for rolling due to 
sideslip and the lack of wing torsional rigidity, both of which were 
known to be of appreciable magni~ude for the test airplane. 

The maximum calculated value 'of pb/2V obtainable on the test air­
plane wo~d be about 0.063 with flars up and 0.056 with flaps down, based 
on a maximum value of airplane aileron deflection of ±15°. 

In the following table are given values of pb/2V obtained for 
various model configurations based on 200 total aileron deflection: 

pb/2V 
Velocity 8f 8o-percent-span Plain wing Circular-arc wing 

(m;Ph) (deg) slotted wing 

200 0 0.039 0 . 037 0.036 

150 0 .045 .040 .038 

150 45 .040 .038 .036 

110 45 .040 ----- .036 

The 8o-percent-spall slotted wing generally shows the ' largest values 
of pb/2V and the circular-arc wing generally shows the smallest values 
of pb/2V for the three leading-edge configurations. The missing value 
for the plain wing is not given because of pronounced irregularity in the 
rolling-moment data at a 11ft coefficient corresponding to V = 110 miles 
per hour. 
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Directional Control 

Rudder effectiveness appears to be high for the airplane in the 
original configuration as is indicated by the rudder characteristics of 
the original model presented in figure 66. The ~udder gives about 1.130 

of sideslip for 1 0 of rudder deflection ~ = -1.13 for or = ±100. 
dO 

r \ 
A rudder deflection of 200 trims the model at * = 190 with flaps up 
and at '1jr = 230 with flaps down. Note that large rudder deflections 
cause an appreciable change in dihedral effect. For example, 
Cl ", changed from 0.0014 at or = 00 to 0.0019 at or == 300 with the 

flaps up and a like amount with flaps down (fig. 66). 

Because of the increased stability resulting from adding a large 
ventral fin to the extended fuselage, the rudder effectiveness dV/do . was 

r 
reduced, and the model trimmed at approximately 17.50 for +200 rudd~ 
deflection with flaps up (fig. 68). The yaw angle is limited, however, to 
about 12.50 because of the low aileron effectiveness and the high dihedral 
effect . 

CONCLUSIONS 

The results of a low-epeed wind-tunnel investigation of a -l--scale 
4.5 

model of a sweptback-wing airplane with several wing leading-edge and 
tail configurations indicated the following conclusions: 

1. The lift-curve slope of the swept-wing model compared favorably 
with the calculated value obtained by multiplying lift-curve slope for 
the unswept wing by the cosine of the angle of sweep. The maximum lift 
coefficient for the swept-wing model with no auxiliary lifting devices 
compared favorably with that of the unswept-wing model, and the angle of 
attack for which the maximum lift coefficient occurred was in good agree­
ment with a theoretical value obtained from an empirical cosine relation­
ship. 

2. Th~ use of slots as antist~ll devices resulted in an increase in 
the maximum lift coefficient which was roughly proportional to the slot 
SIIDl . The 40-percent-sIIDl 300 nose flap had about the same effect on 
the maximum lift coefficient as the 40-percent-epan slot. 

3 . The circular-arc wing gave a value of 0.051 for the tail-off lift­
curve slope and a maximum value of the lift coefficient of 0.88. The nose 
fla~s which were the same span as the 40-percent slots on the plain wing 
gave an increment in maximum lift coeffic i ent ' of about 0.07. The 300 nose 
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flap appeared no more effective in this r espect than the 150 nose flap. 

4. In general, the model showed a large margin of static longi tudinal 
stability about a center of gravity at 18 percent of the mean aerodynamic 
chord. At lift coefficients near stall there was a l essening of stability 
and sometimes instability existed with the flaps deflected through a small 
range of lift coefficients but, as the lift coeffici ent increased further, 
the stability again increased. 

5. The simulated circular-ar c wing in either flap configuration gave 
a large variation of longitudinal stability with lift coefficient . The 
static margin of stability was large at low lift coefficients , was negat i ve 
at lift coeffi cients between 0.4 and 0. 9 depending on the flap configura­
tion, and the stability rapidly increased at higher lift coeffic i ents . 

6. The elevator is capable of trimming the airplane at maximum lift 
coefficient at any probable center-of - gravity location, but at maximum 
lift there may be a large upward movement of the elevator with no change 
in speed because of the very large increase in stability at stall and 
loss in elevator effectiveness . 

7. The effect ive dihedral of the model increased with lift coefficient 
in a mannt ~ similar to that obtained with other swept wings and the varia­
tion of effective dihedral with lift coefficient for the wing alone waG in 
good agreement with the calculated value . At a lift coefficient of 1.0 the 
effective dihedral of the plain-wing model was about 100

. A good corre­
lation of wing-fuselage interfer ence effect on effective dihe dral was 
obtained between the test model and other American and German data. 

8. At a low Reynolds number -of about 2.05 X 106 and at high lift 
coefficients the slots delayed tip stall and ther eby maintained the dihedral 
effect; however, with the plain wing the dihedral effect decreased 
sharply under the same conditions . 

9. The maximum value of effective dihedral for the cir cular-urc wing 
was about 70 at a lift coeffi cient of 0.5. Above this lift coeffi cient 
the effective dihedral decreased rapidly . Nose flaps which tended to 
delay tip stall also reduced the variation of effective dihedral with 
lift coefficient. 

10. The directional stability of the original model was small . It 
was increased at low lift coefficients by lengthening the tail mOmDnt 
arm and improved appreciably throughout the lift range by the addition 
of a large ventral fin . 

11. The aileron effectiv8ness was found to be small with the 80- percent 
slotted wing and even smaller for the plain and circular-arc wings . The 
aileron effect iveness remainod fairly constant up to and beyond maximum 
lift for both the slotted and tho circular-arc wings . 
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12. The rudder was capable of trimming both models at a large angle 
of yaWj but the yaw angle was limited because of the low aileron effective­
ness and the high dihedral effect. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va., August 16, 1948 
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Figure 2. - System of axes and control -surface hinge moments and deflections. 
Positive values of forces, moments, and angles are indicated by arrows. \ 
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(a) Three-quarter front view . 

Figure 3. - Views of 4 \ -scale model of the test airplane in tunnel. 
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(a) Three-quarter rear view. 

Figure 7. - The 4 \ -scale model of test airplane . Extended fuselage ; ventral fin 3; faired center section; 
. turbulence net in tunnel. 
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Windmilling propeller; extended fuselage; 80-percent-span slots; it = 1.02°; 

'R = 2.05 x 106. 
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