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SUMMARY 

An investigation has been conducted in the Langl ey 300 MPH 7- by 
10-foot tunnel to determine the stati c stabil ity char acteristics at low 
speeds of complete models with various swept wings so that comparisons 
might be made with availabl e theoretical and empirical methods of pre ­
dicting the stability characteristics. Longitudinal and l ateral stability 
characteristics, flaps up and down, were obtained for models having 00, 
150, 300, and 450 swept forward and sweptback wings. 

The r esults of the i nvestigation indicate that static stabil ity 
characteristics can be estimated with reasonable accuracy in the low-lift 
range by means of existing theories . 

For lift coefficients near the stall where no theory is applicable, t he 
longitudinal-stability t r ends for the complete models were similar to those 
that might be expected from an inspection of isol ated swept - wing dat a . 

INTRODUCTION 

Experimental and theoretical investigations have shown that the use 
of wings having large angl es of sweep might intr oduce serious low- speed 
stab i l ity problems. The results of an investigation reported in 
reference 1 on the stability characteristics of small- scale sweptback 
and sweptforward wings and in r efer ence 2 for l ar ge - scale sweptback and 
sweptforward wings indicate that fairly accurate estimates can be made 
of the characteristics of isolated swept wings at l ow and moderate lift 
coefficients before separation effectA assume any importance . 

It was not certain, however, that the characteristics of complete 
models with swept wings could be predicted with 'as high a degree of 
accuracy as those of the i solated wing. Heretofore no systematic 
investigation of complete models with various sweptback and sweptforward 
wings has been made . The purpose of the present paper is to present 
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the results of such an investigation made to determine the longitudinal 
and lateral stability characteristics of models with various swep t back 
and sweptforward wings and to show comparisons with available theoreti­
cal and empirical results. 

COEFFICIENTS AND SYMBOIS 

The results of the tests are presented as standard NACA coefficients 
of forces and moments. All forces and moments are presented for the 
stability axes sh~~ in figure 1 with the reference center of gravity at 
the 25 percent mean aerodynamic chord for each model as indicated in 
figure 2. 

The coefficients and symbols are defined as follows: 

lift coefficient (Lift/qS where Lift = -Z) 

~CL increment of lift coefficient due to flap deflection 

longitudinal-force coefficient (X/qS) 

lateral-force coefficient (Y/qS) 

rolling-moment coefficient (L/qSb) 

Cm pitching-moment coefficient (M/qSc) 

Cn yawing-moment coefficient (N/qSb) 

Z force along Z-axis, pounds 

x force along X-axiS, pounds 

Y force along Y-axiS, pounds 

L rolling moment about X-axis, pound-feet 

pitching moment about Y-axiS, pound-feet 

N yawing moment about Z-axis, pound- fee t 

q free-stream dynamic pressure , pounds per s quar e foot (p~ /2 ) 

S wing area, squar e f eet 

b wing span, f ee t 

-' 
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wing mean aerodynamic chord, feet (~Lb/2 c2 ~ 
mass density of air, slug per cubic foot 

air velocity, feet per second 

airfoil section chord, feet 

distance along wing span, feet 

aspect ratio (b2 /S) 

angle of sweep of wing quarter-chord line, 
degrees (positive for sweepback) 

taper ratio (Ti p chord \ 
~oot chord) 

tail length measured from center of gravity to the 
elevator hinge line, feet 

angle of attack of wing chord line, degrees 

angle of yaw, degrees 

angle of downwash, degrees 

angle of stabilizer with respect to wing chord line, degrees 

flap deflection measured perpendicular to 80-percent-chord 
line, degrees 

neutral-point location, percent wing mean aerodynamic chord 

tunnel free-stream Mach number 

Subscripts: 

f denotes sweptforward wing tip at A = 00 

b denotes sweptback wing tip at A = 00 

t horizontal tail 

v.t. vertical tail 

3 
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Symbol s used as subscripts denote partial derivatives of coeffi­
cients with r espect to angle of a t tack, angle of yaw, and lift coeffi ­
cient . For example : 

MODEL 

The mode l s tested in the present investigation had the sam8 fuse l age 
and tail surfaces. The wings used could be pivoted from an unswept 
position to angles of sweep of ±15°, ±300, and ±45° . Two pair s of wing 
tips were used, one for the sweptback wings and one for the sweptforward 
wings, so designed as to be parallel with the fuselage center l ine 
at ±45° sweep . No attempt was made to hold the area, span, or aspect 
rat io constant for the various sweep configurations . Drawings of the 
models giving pertinent information are presented in figure 2 and the 
physical characteristics of the models are given in table I. The span 
for each model was measured to the extreme tips of the wing. Half-span 
spli t flaps of 20 percent chord were tested on all ill:)del s . 

Va rious models mounted in the Langley 300 !{PH 7- by 10-foot tunnel 
are shown in figure 3 . 

TE3TS AND RE3ULTS 

Test Conditions 

Tests were made at a dynamic pressure of 33 ·6 pounds per square 
foot (Mo ~ 0.15)· The corresponding Reynolds nwnbers based on the wing 

mean aerodynamic chord are as follows: 

A M.A.C. Reynolds number (deg) Cft) 
-45 1.888 2 , 020,000 
- 30 1.)~60 1,569,000 
-15 1.262 1, 357, 000 

° 1.J.81 1,270 ,000 
15 1.201 1,292 ,000 
30 1.278 1, 373 , 000 
45 1·542 1,657,000 
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The Reynolds number was computed using a turbulenc e factor of unity. 
The degree of turbulence of the tunnel is not known quantitatlvely but 
is believed to be small because of the high contraction ratio (14:1). 

Corrections 

Tare corrections were considered negligible and were not applied. 
Jet-boundary corrections were computed by the method of r eference 3 and 
an unpublished analysis shows this to be applicable for wings up to ' 
450 sweep. Corrections applied were as follows: 

a = ~ + ECLM 

Cx C
XM 

- FC~2 

C = C + GCTc _ (for tail on) 
m TIN ~ 

where the subscript M denotes measured values. 

The E, F, and G values for each sweep angle are given in the 
follo""ring table: 

A E F G 
(deg) ' 
-45 1.160 0.0170 0.0377 
-30 1.065 .0154 .0312 
-15 1.005 •0153 .0258 

Of .972 .0153 .0212 

°b ·960 •0152 .0209 

15 ·926 .0139 .0198 
30 .386 .0130 .0187 
45 .845 .0129 .0175 

All forces and moments were corrected for blocking by the method 
given in r eference 4. An increment in longitudinal-force coefficient 
has been applied to account for the horizontal buoyancy. 
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Presentation of Results 

A table of figures presenting the results is given as follows: 

Basic experimental data: 
Aer odynamic characteristics in pitch • 
Lateral-stability parameters . 

Analysis and comparison figures : 

Figure no . 
)4--7 

8- 9 

Static longitudinal stability characteristics .•.• 1 0 
11 Variation of neutral point with sweep .•.• 

Downwash variation. • . • • . • . • . • . • . 
Variation of effective dihedral with sweep .• 
Variation of directional stability with sweep 
Flap-lift effectiveness • • • . . . . . • . • 

DISCUSSION 

12-13 
14 
15 
16 

In the analysis of the data each model was considered as an individual 
configuration . Although the primary physical difference between the models 
is the angle of sweep) ther e are irregular variations in the wing area) 
wing span) mean aerodynamic chord) center-of-gravity l ocation) and tail 
l ength accompanying the change in sweep . The results obtained) therefor e ) 
do not r epresent the effect of sweep on the stability characteristics 
but include all those factors varying as a result of changes in sweep . 
Conse quently) the aerodynamic trends indicated apply only for the models 
tested and for other configurations may be entirely differ ent. The 
emphasis then should be placed on the extent to which calculated values 
of the stability characteristics may be made with r easonabl e accuracy 
and not upon the quantitative r esults shown. 

Longitudinal Stability 

The static longitudinal stabili ty of a j et airplane in power- off 
flight at s ubcritical speeds may be expressed as 

dE) 1 
- do. C

L 
a. 

whe r e (~~~~ r epr esents the l ongitudinal stsbility of the wing-fusel age 

combination and ~ 1-dC ( 
di t 

is the contribution of the t a il to 
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the longitudinal stability. Each of the factors affecting the longitudinal 
stability was estimated and then by use of the equation the static 
longitudinal stability for each model was calculated. The results are 
shown and compared with the experimental results in figure 10. 

The variation of the lift-curve slope CL 
a. 

by the method of reference 5. The basic value of 

with sweep was estimated 

CL for the unswept­
a. 

wing model was found by adding CL for the plain wing (0.078 as deter-
a. 

mined from reference 5) to a value of 0.014 for the fuselage and tail as 
determined fram unpublished results of tests of a similar model. 

The stabilizer effectiveness was found from the relation 

By the use of reference 6 a value of 0.060 was estimated for ~CLa)t. 

An empirical method presented in reference 7 was used to estimate 

the variation of the dOWllwash angle with angle of attack ~ for the 

various configurations. 

The static longitudinal stability of the wing-fuselage combination 

(dCm~ was deter .ined by use of the method given in reference 8 which 
dCLJo 

accounts for the interference effects of bodies with swept wings. It 
is shown in reference 8 that a r earward shift of the wing-fuselage 
aerodynamic center might occur for bodies with sweptback wings because 
of a loss in 11ft on the wing center section caused by the presence of 
the fuselage. This area of reduced lift, being ahead of the reference 
center-of-gravity position (0.2 5c), would produce a negative pitching 
moment in opposition to the positive moment always produced by the 
fuselage. For sweptforward wings the r everse is true and a positive 
pitching moment is produced by the loss of wing lift in addition to the 
positive moment of the fuselage. Hence, in comparison with the 
aerodynamic-center shift of bodies with straight Wings, the shift will 
be more forward for bodies with sweptforward wings and less forward 
for bodies with sweptback wings . For these calculations it was assumed 
that the aerodynamic center of the plain wing remained unchanged with 
sweep. 

_J 
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Each of the factors affecting the static longitudinal stability 
was estimated with reasonab l e accuracy and good agreem.ent was obtained 
between the calculated and experimental values of the total longitudinal 

stability for each model (fig . 10 ). 

The variation of the neutral point with sweep angle in the low­
lift r ange as determined both experimentally and theoretically i s shown 
in figure 11 and indicates that flap defl ection has little effect on the 
l ongi tudinal stab ility of these model s . 

Near maximum lift the pitching-moment characteristics of the models 
were similar to those that might be expected for isolated wings 
(refer enc e 9) ba s ed on the sweep angle and aspect ratio. As pointed out 
in refe r enc e 2, the predictions of r efer enc e 9 apply equally as well to 
sweptforward wings as to sweptback wings . The models with unswept wings 
and ±15° swept wings are staBle or marginally stable near the stall . 
The models with 1300 and 145 swept wings indicate instability with the 
exception of the - 450 wing model with flaps retracted (fig . 5(d)) in 
which case it appears that an angle of attack high enough to effect a 
par t ial wing stall was not attained . The instability of the 300 and 
450 swe ptback-wingmodels is caused partly by tip stall as evidenced by 
the tail - off pitching-moment curve ( figs. 4(c) and 4( d)) and partly by 
the r apid increase in the rate of change of downwash at the higher angles 
of attack (fig . 12) that r esult s from the inboard shift of the l ift . 
The - 30 0 and - 450 swept -wing models show no large downwash changes with 
sweep and instability should r esult primarily from wing root stall. 

When the f l aps ar e defl ected the unstable tendencies near the stall 
ar e accentuated . For sweptback wings the tip portion of the wing might 
stall although the flap pr events compl ete wing stall and the r esult is 
a greater nosing- up t endency of the wing . In the case of sweptforward 
wings the s tall over the inboard portion of the wing is more pr onounced 
when the f l aps are deflected which also r esults in a greater nosing- up 
tendency of the wing . 

Later al and Directional Stability 

Effective dihedral . - The eff ect of sweep on the variation of 
effective dihedral with lift coefficient C1 in the low-lift range 

WCL 
as determined from figures 8 and 9 is shown in figure 14. Values for 
the theoretical curve also shown in figure 14 were obtained by 
adding C1 for the plain wing to the increment of CI contributed 

Wc *C L L 
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by tl.le tail. For the wing alone + 0.0044 tan A 

where 0 .0044 tan A is the effect of sweep on 
(referenc e 1). The values of ~ I ~ are 

VCL 
'1'..=0 

effective dihedral 
for unswept wings 

having the same aspect ratio as the swept wing and were determined from 
a correlation of experimental r esults for various unswept wings of 
different aspect ratios presented in r eference 10. 

In order to determine the vertical-tail contribution to 

the lateral-force parameter for the tail was first estimated 

() ( J 
Sv.t. 

from Cy == CL --S- . By the method of reference 
'if v.t. a v.t. 

6, which 

takes into account the end-plate effect of the horizontal tail, a value 
of 0.062 was obtained for the vertical-tail lift-curve slope based on 
an aspect rat10 of 2.4. The contribution of the tail to CI at any 

'if 
angle of attack then is (C~h . t . = (Cy¥)v . t. ~ where h is the 

distance from the X-axis to the center of pressure of the vertical tail. 
At zero angle of attack h was estimated from tail-on and tail-off 
tests of a similar model to be 1.4 fe'et. 

Interference and sidewash effects resulting fram the fuselage and 
wing were neglected in the computations . 

The results of the calculations (fig. 14) indicate good agreement 
with the experimental values of CI It is apparent from figure 14 

'ifCL 
that flap deflection had a negligible effect on the effective-dihedral 
variation with lift. 

Directional stability .- An attempt was made to calculate the 
directional-stability parameter Cn at zero lift for each model and 

'if 
the results are included with the experimental results in figure 15· 
Using the values previously estimated for (CYw) the yawing 

, v.t. 
moment due to y~w produced by the tail was determined 

from fC) fcy \ It. The tail contributed a negative Cn \ nt v. t. == \ '¥Jv. t. b 'if 
(stabilizing) that increased negatively both with sweepback and sweep­
forward. Th.g fuselage produced a posi ti ve Cn (destabilizing) that 

t 
was calculated by the method of refer ence 11. The unstable moment 
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variation with yaw of the fuselage became more positive with sweepback 
or sweepforward. The summation of the estimated values of Cn for 

Ijr 

the fuselage and tail (fig. 15) indicate fair qualitative agreement with 
experimental results in that generally the directional-stability 
parameter C decreases from sweepforward t o sweepback. The discrep-

nljr 

ancy apparent at high angles of sweepback might be caused by interfer ence 
effects of the wing on the pressure distribution over the aft portion 
of the fuselage. It is obvious from figure 15 that flaps may have a 
large effect on the directional stability. 

The variation of Cn with lift coefficient is similar to that 
Ijr 

obtained from investigations of isolated swept wings (re f er ences 1 and 2 ) . 

Lift and Drag Characteristics 

Flap effectiveness .- Theoretically the lift increment produc ed by 
deflecting the flap is proportional to cos2A but an additional 
correction should be applied to account for the aspect~ratio changes. 
Inasmuch as the calculations for the theoretical lift-curve slope 
acc ount for the aspect ratio, the lift incremerlt r esulting from f lap 
deflection may be expressed as 

In figure 16 the theoretical predictions are compared with t he 
experimental results for 6CL and show r easonably good agreement. 

CONCLUSIONS 

The results of low-speed tests of models having 00 , 150 , 300 , 
and 450 sweptforward and sweptback wings indicated the following 
conclusions: 

1 . The static longitudinal s tability in t he low-lift range can be 
pr e dicted inasmuch as the factors affecting t he s tability - the lift ­
curve slope , downwash, stabilizer effectiveness, and wing-fus el age 
aer odynamic center - can be e stimated accurately by means of existing 
theories. 

2 . The variation of effective dihedral wi t h lift coef f ic ient can 
also be es timated with good accuracy. 
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3 · Pr edictions of the directional stability can be made with fair 
accuracy. 

II 

4 . The increment of l ift caused by flap deflection can b e estimated 
with reasonable accuracy . 

5 . For lift coefficients near the stall where n o theories are 
applicable , the longitudinal stabil ity characteristics for the 
complete models wer e similar to those indicated by investigations of 
isolated swept-wing configurations . 

Langley Aeronautical Labor atory 
National Advisory Committee f or Aeronautic s 

Langley Field, Va . 
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TABLE I 

PHYSICAL CHARACTERISTICS OF THE MODELS 

Center-of-gravity position, percent of M.A.C. . . . . . . . . .. 25 

Hori zontal tail: 
Area, sg ft 
Span, ft 
Aspect ratio 
Secti on . 

Ver tical tail: 
Area , excluding dorsal, sg ft 
Aspect ratio 
Section . . . . . . . . . 

Wing : 
Section 
Incidence , . deg 

f, 

(deg) 

-45 
- 30 
-15 

0 
f 

0 
b 

15 
30 
45 

Area 
(sg ft) 
10.44 

9·60 
9 ·06 
8·70 

8.67 

8.'+0 
8.13 
7·80 

Span 
(ft) 

5 ·85 
7 ·17 
8 .05 
8 .40 

8 · 35 

7 ·75 
6 ·76 
5 · 37 

1.625 
2 .85 

5 . . . NACA 65- 008 

1.600 
2 .4 

NACA 65- 008 

NACA 65-110 
0 

M.A.C. Aspect ratio 
(ft) 

1.888 3 ·28 
1.460 5 ·36 
1.262 7 ·15 
1.181 8 .10 

1.181 8 .04 

1 .201 7 ·15 
1.278 5 ·62 
1.)42 3 ·69 
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Figure 1. - System of stability axes showing positive values of forces, moments , 
and angles . 
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Figure 2. - Drawing of model s with various swept -wing coniigurat ions . 
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Figure 3. - Views of the vari Jus swept -wing models mounted in the Langley ~O MPH 7 - by 10 -foot tunnel. 
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