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RESEARCH MEMORANDUM 

EXPERIMENTAL DETERMINATION AT SUBSONIC 

SPEEDS OF THE OSCILlATORY AND STATIC LATERAL STABILITY 

DERIVATIVES OF A SERIES OF DELTA WINGS WITH 

LEADING-EDGE SWEEP FROM 300 TO 86 . 50 

By William Letko 

SUMMARY 

The static lateral stability of six delta wings was determined 
at subsonic speeds and, in addition, two of the wings with 82.50 and 
75 0 sweep of the leading edge were oscillated in yaw about the 50- percent 
poi nt of the root chord in order to determine the effects of frequency 
and amplitude on the combination lateral stability derivatives resulting 
from this motion. 

The results of the oscilla tion tests showed tha t l a rge changes in 
the deriva tives occurred with chan§es of fre quency and amplitude a t the 
high angles of atta ck for the 82 . 5 a nd 750 delta wings. For the reduced 

frequency pa r ameter ~~ = 0 . 066 the l ar gest changes in the derivatives 

wi th amplitude generally occurred ·at lo~.r val ues of amplitude . Comparison 
of the variation wi th angle of atta ck of the oscillatory derivatives 
obta ined with the 82 . 50 and 750 wings with those of a 600 wing of another 
investiga tion showed that large differences in the oscillatory deriva 
tives a re generally obtained a t the higher angles of a ttack and tha t the 
values of the combination oscill atory deriva tives CnQ + k2Cny and 

o ~,m,m 

Cr - Cr . for the 82 . 5 l.ring a re very large and of opposite sign to 
r , m f3,m 

those of the other wings . This comparison was made for one fre quency and 
amplitude of oscillation . The results of the static tests showed tha t 
the sta tic latera l stability deriva tives followed trends which were sim
ilar to those of other investigations . 

INTRODUCTION 

Reference 1 has pointed out the necessity of including the acceler
a tion deriva tives Cn . and Cr . a s determined from oscilla tion tests 

f3 f3 
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i n ca lculations of dynamic l atera l s t ability . This is especia l l y true 
a t the high angles of a tta ck since r efer ences 2 and 3 show tha t r a ther 
l a r ge values of the accelerati on deriva tives may occur f or certain con
f i gura tions under the s e conditions . Since a 600 delta wing showed h i gh 
va lues of oscillatory yawing deriva t i ves a t h i gh angles of a ttack 
(refs . 2 and 3), information concer ning the oscillatory yawing deriva 
t ives of narrow delta wings , which might be used in missile confi gura 
t ions, was thought t o be of i ntere s t . The present inves t i gation wa s 
undertaken, t heref ore, to provide s ome i nformation regarding the effects 
of frequency a nd amplitude on na rrow delt a wi ngs oscillating in yaw a t 
angles of a tta ck f r om 00 to the a ngl e of maxi mum l ift . 

The pr esent investigation cons i sted of determining the eff ects of 
a systematic varia tion of fre quepcy and ampl itude of oscilla tion on the 
oscilla tory derivatives of 82. 50 and 750 del t a wi ngs . Sta tic s t ability 
for these a nd f or 86 . 50

, 600 , 450 , and 300 delta wi ngs was a lso deter 
mined . Oscillatory deriva t ive s for a 600 delta wi ng f r om reference 3 
a re a lso presented for compari son purposes . The oscilla tory deriva tives 
from reference 3 and those obtai ned i n the present investigation were 
obta i ned by a forced oscillation t e chnique ; t he motion was a combina ti on 
of yawing and side s lipping a nd provided t he combination deriva tives 
Cn - Cn . , CL - CL. , Cn + k2Cn • , and CL + k2CL. 

r,m ~,m r,m ~ , m ~ ,m r , m ~ ,m r ,m 
where k is the reduced fre quency parameter mb / 2V. 

COEFFICIENTS AND SYMBOLS 

All s t ability pa r ameters and coefficient s a r e ref erred to the 
s t ability system of axes origina ting a t a center-of - gr avi ty posit i on of 
50 percent of the r oot chord a nd in the chord plane of the wings 
investigated . (See fi g . 1. ) 

CL lift coeff icient, FL/qS 

dra g coefficient (approximate), FD1qS 

latera l force coefficient , Fy/qS 

rolling- moment coefficient, MX/ qSb 

em pitching-moment coefficient, My/qSb 

Cn yawing-moment coeff icient, MZ/ qSb 
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drag (approximat e) 

lateral force 

rolling moment 

pitching moment 

yawing moment 

a angle of atta ck, deg 

b span, ft 

f3 angle of sides l ip , radians or deg 

f3 

amplitude of sideslip , deg 

mean aerodynamic chord, ft 

k reduced frequency pa r ameter , 

m circular frequency of oscillat ion, r adians/sec 

Wangle of yaw, r adians or deg 

r = 

q 

p 

s 

t 

v 

Qj[ 
ct 

cr 
ct 

= r 

amplitude of yaw, deg 

dynamic pressure, ~pv2, lb/sq ft 

mass density of a ir , slugs/cu ft 

wing a rea , sq ft 

t i me , sec 

free - stream velocity , ft/sec 

- I 

3 
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cYi3 ~ 
Cn 

dCn 
i3 di3 

Cn - =: 
dCn --i3 

d(~i) 
Cn 

dCn - --r d(~) 

Cny dCn 

d(~~) 
C 1i3 

dC I 
di3 

C
I

_ =:~ 
i3 d(~~) 

CI ~ r 
d(~~) 

C I . 
dCI 

r 

d(~) 
All derivatives are nondimensional in this paper. The symbol m 
following the subscript of a derivative denotes the oscillatory 
deriva tive . 

APPARATUS AND MODELS 

Oscilla tion Appar a tus 

The equipment used to oscillate the models consisted of a motor 
driven flywheel, connecting rod, crank arm, a nd model support strut 
shown schematica lly in figure 2 and photogr aphically in figures 3 and 4. 
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The connecting rod was pinned to an eccentric center on the flywheel and 
transmitted a sinusoidal yawing motion to the support strut by means of 
the crank arm. The models were fastened to the support strut at their 
assumed centers of gravity and the oscilla tion was forced about the 
vertica l wind, or stability, axes of the models . The appar atus was 
driven by a one- horsepower direct- current motor through a geared speed 
reducer . The frequency of oscillation was varied by changing the 
voltage supplied to the motor, a nd the amplitude of oscillation was 
varied by adjusting the throw of the eccentric on the flywheel . 

Models 

Six del ta wings were tes t ed in the present investigat ion . The 
wings had leading-edge sweepback of 86 . 50 , 82 . 50 , 750 , 600 , 450 , and 300 

I 
and had a spect r a tios 0 . 25, 0 . 53, 1.07, 2 . 31, 4 . 0, and 6 . 93 , respectively . 
A sketch giving the geometri c characteristics of the wings is presented 
a s figure 5, and the characteristics are also listed in table T. Each 
of the wings was essentially a flat -plate a irfoi l made of 3/4-inch ply
wood with a circular leading edge and a beveled tra iling edge. The 
trailing edges of all the wings were beveled to provide a trailing- edge 
angle of about 100 that was constant across the span. 

Recording of Data 

The recording of data was a ccomplished by means of the equipment 
described completely in the appendix of reference 4. Briefly, the 
rolling and yawing moments a cting on the model during oscillation were 
measured by means of resistance - type strain gages, mounted on the oscil
l ating strut, to whi ch the model was a ttached . The moments were modified 
by a sine - cosine resolver driven by the oscillating me chani sm so that the 
output signals of the strain gages were proportional to the in-phase and 
out- of-phase components of the strain- gage signa ls . These signals were 
read from a highly damp~d direct- current meter, and the aerodynamic 
coefficients were obtained by multiplying the meter readings by the 
appropriate constants, one of which was the system calibra tion constant. 

TESTS 

All tests were conducted in the 6- by 6- foot test section of the 
Langley stability tunnel a t a dynamic pressure of 24.9 lb/sq ft which 
corresponds to a Mach number of 0 . 13 . The Reynolds number based on the 
mean aerodynamic chord of the wings varied from approximately 8 x 105 
for the 300 delta wing to 2.5 x 106 for the 86 . 50 delta wing. StatiC 
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l atera l stability derivatives of all the wings were obtained from tests 
at angles of a t tack f rom _4° up to and beyond the maximum lift of ea ch 
wing at angles of s ideslip of ±5° . 

The oscillation tests at an amplitude of 6° (±~o) were conducted 
through the angle-of - attack range (in 10° increments) at fre quencies of 
oscillation of 0 . 99, 1. 81, 2 . 53 , 3 . 53 , and 4 . 49 cps for the 82.5° wing 
and a t fre quencies of 0 . 54 , 0 . 96 , 1 . 97 , 3 . 865 , and 4 . 49 cps for the 
75° delta wing . Corresponding values of the reduced frequency param
eter rnb/2V for the 82 . 5° wing are 0 . 018, 0. 034 , 0 . 047 , 0 . 066, and 
0 . 084 and are 0 . 018, 0. 032 , 0 . 066 , 0 .131, a nd 0. 152 for the 75° wing . 
Also , a t a reduced frequency of about 0. 066 , oscillation tests of both 
wings were made for additiona l amplitudes of 2°, 4°, 8°, and 10° 
throughout the angle - of- a t tack range . 

For ea ch amplitude, frequency , and angle - of-attack condition, the 
effects of inertia of t he model were eliminated from the da t a by sub
tracting wind-off from wind- on results. 

The reduced frequency of approximately 0 . 066 was chosen to corre
spond closel y to one of the frequencies (0. 065) of reference 3 for 
comparison of the 82 . 5° and 75° wings of the present investigation with 
the 60° wing discussed in reference 3 . 

RESULTS AND DI SCUSSION 

Presentation of Results 

The lift, drag , and pitching- moment dat a for the six delta wings 
a re shown in figure 6 a s functions of angle of a tta ck . The static 
l a teral stability derivat i ves for these wings a re plotted against angle 
of atta ck and are shown in figure 7 , and pl ots of Cy , C!, and Cn 
against ~ at several high angles of atta ck are shown in figures 8 , 9 , 
and 10 for the 86 . 5° , 82 . 5°, and 75° delta wings . The oscillatory 
derivatives for the 82 . 5° and 75° wings are shown in fi gures 11 to 34, 
and comparisons of the data obtained for the 82 . 5° and 75° wings with 
that obta ined for the 60° wing (ref . 3) are shown in figure 35 . 

Static Characteristics 

The lift, drag , and pitching- moment dat a for all the wings presented 
in figure 6 show no unusual or unexpected characteristics . The stat ic 
l atera l stability derivatives presented in figure 7 were obtained from 
the values of the coefficients a t ~ = ±5° for comparison purposes and 

- ----- --" 
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do not necessarily represent the slopes through 0 = 0, especially, at 
the high angles of att a ck where nonlinearities occur in the data . The 
static - latera l - stability da ta shown in figure 7 a re as might be expected 
(refs . 5 and 6) with the sta t i c stability deriva tives for the 86 . 50 and 
82 . 5° wings showing the l arge and erratic changes that occur for low
aspect- r atio lifting surfaces a t medium and high angles of attack . These 
large and erratic changes in static lateral stability deriva tives a t 
medium and large angles of atta ck indica te that nonlinearities may exist 
when the lateral and directional coefficients a re plotted against angle 
of sideslip . These nonlinearities do exist for the 86 . 5°, 82 . 50 , and 
75° delta wings as is shown in figures 8, 9, and 10, respectively . As 
can be seen from the figures , the variation of Cy , Cn ' and C~ with 0 
is extremely nonlinear for both the 86 . 50 and the 82 . 50 delta wings. In 
order to see how these nonlinearities affect the OSCill atory character 
istics of the wings , the 82 . 50 and 750 wi ngs were osci l lated in yaw and 
the results a re discussed in the f ollowing sections . 

Oscillatory Characteristics 

Effective dihedral .- The variation of the effective dihedra l 
parameter Cl + k2Cl ' with angle of attack for the 82 . 50 and 750 

l3,m r,m 
delta wings is given in figures 11 and 12 for the different frequencies 
of oscillation and an amplitude of ±6° . For both wings , the parameter 
is zero or nearly zero at zero angle of attack and becomes more negative 
as the angle of attack is increased . The va lues of Cl + k2Cl • for 

l3,m r,m 
the 82 . 50 wing at angles near 300 are appreciably more negative than 
those obtained for the 75° wing . Also shown in figures 11 and 12 a re 
the static values of Cl 13 (per r adian) for comparison with the oscil-

2 latory va lues of Cl Q + k Cl ' . The comparison shows that the 
~,m r,m 

static Cl
13 

va lues for both wings exhibit the same trend with angle of 

attack a s is shown by the oscillatory derivatives . A comparison of the 
vari ation of Cl Q + k2Cl ' with angle of att a ck for the 82 . 50

, 75°, 
~,m r , m 

and 600 wings is given in figure 35(a ) for a reduced frequency ~~ of 

about 0 . 066 and an amplitude Wo of ±6° . The figure shows that while 
a t low angles of att a ck the values of the parameter a re nearly the same 
for a ll the wings ; above an angle of atta ck of about 10° the curves 
diverge and the value of the parameter at 300 is close to zero for the 
600 wing , about - 0 . 4 for the 750 Wing, and about - 0 . 7 for the 82.50 wing . 

In order to show the effect of frequency on the parameter 
Cl Q + k2Cl ' ,cross plots of figures 11 and 12 were made for a number p, m r,m 
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.)f angles of attack and are presented in figures 13 and 14 . Generally 

for t he low angles of att ack present ed t here is only a small effect of 

f requency on CI Q 
+ k2C I ' for both the 82 . 5° and 75° wings . At 

~ , ru r , ru 
the higher angles of attack , t here appears to be no cons i stent effect 

of f re quency} although f or the 75° wing t he values of CI 13 ,ru + k2Clr ,ru 

become more negative wit h an i ncrea se i n frequency . 

Large variations of CI Q + k2CI . with ampl itude were obta ined 
~ , ru r,ru 

at t he high angl es f or both wi ngs (fi gs . 15 and 16), and the changes 

were usually greater for t he 82 . 5° wi ng . 

Di r e ctional s t abilit y .- The 

parameter CnQ + k2Cn~ wi t h 
~, ru -T , W 

75° wings i s given in f igures 17 

r educed fre quency parame t er ~~ 

varia t ion of the directional stability 

angl e of attack for the 82 .5° and 

and 18 for different values of the 

and for an ampl itude 

Figure 17 shows that for all f re quenci e s the parameter is small and 

negative at zero angl e of attack for the 82 . 5° wing, becomes more nega

t ive wi th angl e of attack up to about 200, after 200 becomes less nega

t i ve , and a t angles of attack above 40° the va lues of the parameter 

become pos i tive . The val ue of t he parameter at 0° angle of attack for 

the 75° wi ng i s zero or a small negative va l ue, depending on the fre 

quency . (See fig . 18 . ) At some smal l positive angle the parameter 

a ssumes a small pos i tive val ue which is more or l ess constant up to 

about 30° angl e of a t tack; above 30° angle of attack, however, the 

value s of CnQ + k2Cn . be come negative . Al so shown in figures 17 
~ , ru r , ru 

and 18 are the stati c va l ues of Cn13 (per r adian) which can be compared 

with the oscillator y val ues of Cn l3 , w + k
2Cnr , w' The comparison shows , 

a s wa s noted for CI
13

, tha t the stati c values of Cn13 for both wings 

exhibit the same trend with angl e of atta ck as is shown by the oscil

latory derivatives . A compar i son of the variation of Cn13 , w + k2Cnr , w 

wi th angl e of attack for t he 60° , 75°, and 82 . 5° wings for a reduced 

frequency of about 0 . 066 and an amplitude ~ of ±6° i s shown in 

figur e 35(a) . ° 

Both the 60° and 75° wings ha ve small positive val ues of the deriv

ative at small angl es of at t ack up to about 10° , whereas t he 82 . 5° wi ng 

has re l atively l arge negative va l ues indica ting directional instabi l ity . 

At an angle of attack of about 22° , the 75° wing still has a small pos i-

tive value , and the 60° wing has a positive value about l~ times that of 

the 75° wi ng whi l e the 82 . 5° wing has a l ar ge negative va lue which is 

about 5 times that of the 60° wing . 

J 
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The variation of CnQ + k2Cn • with reduced frequency m2~V for 
~,m T,m . 

the 82.50 wing is irregular even at 00 angle of attack while the varia
tion of the parameter with frequency is generally very small for the 
75° wing except for 40° and 50° angles of attack. (See figs. 19 and 20.) 

Extremely l arge va lues and large variations of CnQ + k2Cn~ 
~,m --r,m 

with amplitude were obtained for the 82 .5° wing especially at the higher 
/' 

angles of attack, as is shown on figure 21, for a reduced frequency ~~ 
of 0.066. For example, at an angle of attack of 50° the values varied 
from about - 0.32 a t 2° amplitude to about 0.64 a t 6° amplitude. The 
values of the parameter for the 75° wing were considerably smaller in 
magnitude (fig. 22), and the varia tion with amplitude was generally very 
small; however, a large change ~n the parameter occurred between 2° and 
4° amplitude for 40° and 50° angles of attack where the values of the 
parameter changed from a positive to a nega tive value. 

Rolling moment. due to yawing .- The variation with angle of attack 
of the rolling moment due to yawing C7, - C7,' for the 82 .5° and 

r,m f3,m 
75° wings is given in figures 23 and 24. 

For the 82 .5° wing, the var i ation with angle of attack is nonlinear, 
the values being positive in the low- angle-of- attack r ange and becoming 
large negative values above about 22° and becoming positive or tending 
to become positive at angles of attack above 30° . For the low frequencies, 
the values of C7, - C7, ' for the 75° wing are negative in the low-

r,m f3,m 
angle-of - attack range while at the higher frequencies the values are 
small and positive. At angles of attack above about 30°, the variation 
becomes extremely nonlinear for the three lower frequencies and the 
values of the parameter are positive in the range around 40° angle of 
attack. 

Figure 35(b) shows a comparison of the values of C7, - C7,' for 
r,m l3,m 

the 82.5°, 75°, and 60° delta wings for a reduced fre quency ~t of 0.066 

and ±6° amplitude. The figure shows that, even though there is only a 
small difference in the values of C7,r,m - C7,~,m for the three wings at 
low angles of attack, there is a large difference in the angle-of-attack 
range above 240 and at an angle of attack of 300 increas ing the sweep of 
the leading edge from 60° to 82.5° changes the value of the parameter 
from 2 . 8 to - 2.6. 

The effects of frequency on the parameter C 7, - C 7, ' are s:r~own 
r,m f3,m 

in figures 25 and 26 which are cross plots of figures 23 and 24, respec
tively. The 82.50 wing shows less variation of the parameter with 
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frequency in the l ow- angle - of - attack r ange than does the 7So wing. At 
the high angles of attack the effects of frequency or the value of 
C1 - C1. for both wings are considerably greater than at the 

r ,(J) S, (J) 
the l ower angles of attack . 

The variation of C1r,(J) - CL~,(J) with amplitude for both wings is 

shmm in figures 27 and 28 . The figures show that amplitude has a l arge 
effect on the magnitude of t he parameter for the 82 . So wing at all 
angles of attack shown except 0° angle of attack. For the 7So wi ng, a 
much smaller effect of amplitude can be noted in figure 28 . 

Damping in yaw.- The variation with angle of attack of the damping-
in-yaw parameter C~~ - Cni':>. for the 82 . So and 7So wings is given 

--r , (J) .... , (J) 
in f i gures 29 and 30 . The damping in yaw for the 82 . So wing is zero 
or slightl y negative up to about 10° angle of attack and becomes more 
negative up to about 20°, but after 20° the variation with angle of 
attack is irregul ar and depends on frequency. For the 7So wing (fig . 30), 
the value of the parameter is zero or nearly zero to about 200; after 
20° the values become large and negative up to about 40° and then tend 
to become less negative . Figure 3S(b) shmfs a comparison of the varia -
tion of Cn - Cnh for the 60° , 7So, and 82.So wings . For all r , (J) .... , (J) 
three i-rings , Cn__ - Cni':>. i s nearl y zero in the l ow- angle-of- attack 

--r , (J) .... ,(J) 
range, as was expected , and the va l ues become more negative at higher 
angles of attack. I n the range around 20° angle of attack, the 82 . So wing 
has the greatest negative values . 

Figures 31 and 32 show the variation with frequency of C - C • nr , (J) nS,(J) 
for the 82 . So and 7So wings for severa l angles of attack and an amplitude 
of ±6°. For both wings at low angles of attack, the effects of frequency 
are small. The eff ect of frequency i s extremely l arge and erratic for 
the 82 . So wing at 30° and 40° but for the 75° wi ng the variat ion is 
extremely l arge only for an angle of atta ck of 40° . Simil arly, the 
effect of amplitude is l arge only at the higher angles of attack pre
sented and gener ally the largest changes in the par ameter occur in the 
range from between 2° and 4° in amplitude for both the 82 . So and 
75° wings . (See figs . 33 and 34 . ) 

CONCLUSIONS 

The static l ateral stability of s i x delta wings was determined 
at subsoni c speeds and , in addit i on, two of the wings with 82 .So and 
750 sweep of the leading edge were oscillated in yaw about the SO- percent 
point of the root chord i n or der to determine the effects of frequency 
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and amplitude on the combination l ateral stability derivatives resulting 
from this motion . The r esults of this investigation indicate the fol
lowi ng conclusions: 

1. The results of the oscillation tests showed that l ar ge changes 
in the derivatives occurred with changes of frequency and amplitude a t 
the high angles of attack for the 82 . 5 0 and 7'fJ delta wings. For the 

reduced frequency parameter ~~ = 0.066 the l argest changes i n the 

derivatives with amplitude generally occurred at low va lues of amplitude. 

2. Comparison of the variation with angle of attack of the oscil
l atory derivatives obta ined with the 82 . 50 and 750 wing with those of a 
600 ,{ing of another i nvestigation showed that l ar ge differences in the 
oscill atory derivatives are generally obtained at the higher angles of 
attack and that the va lues of the combination OSCillatory deriva-
tives Cn,S + k2Cn~ and C2 - C2',S for the 82 . 50 wing are very 

, ill -T , ill r, ill , ill 

large and of opposite sign to those of the other wings. This comparison 
ifas made for one fre quency and amplitude of oscillation. 

3 . The results of the static tests showed t hat the static l ateral 
stability derivatives followed trends which were similar to those of 
other investigations . 

Langley Aeronautica l Laboratory , 
National Advisory Committee for Aeronautics, 

Langley Field, Va ., January 7, 1957 . 
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TABLE I 

GEOMETRIC CHARACTERISTICS OF SIX DELTA WINGS 

Wing 

1 2 3 4 5 6 

Aspect r atio. · · · · · · · · · · 0 .25 0 . 53 1. 07 2·31 4 . 0 6 . 93 

Leading-edge sweep angle, deg · · 86 . 5 82 . 5 75 60 45 30 

Dihedral angle, deg · · · · · · · 0 0 0 0 0 0 

Twist , deg . · · · · · · · · · · 0 0 0 0 0 0 

Airfoil section • Flat Flat Fl at Flat Flat Flat · · · · · · · · plate plate plate plate plate plate 

Area , sq in . · · · · · · · · · · It.4 207 . 4 335. 8 561.2 703 · 2 405 . 9 

Span, in . . . · · · · · · · · · · 6 10 . 45 18 . 97 36 . 00 53 · 03 53 · 03 

Mean aerodynamic chord, in. · · · 32 . 00 26 . 46 23 . 60 20 . 79 17. 68 10.21 
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Figure 8.- Rolling-moment ) yawi ng-moment) and side -force characteristics 

of the 86 .50 de l ta wing at 280 angle of attack . 
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Figure 17. - Variation with angle of attack of the directional stability 

parameter for the 82 . 5° delta wing measured during oscillation. 
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Fig~e 23.- Variation " ith angle of attack of the rolling moment due to 
yawi ng garameter for the 82 . 50 delta wing measured during oscillation. 
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