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SPINNING CHARACTERISTICS OF WINGS
V - N.A.C.A. 0009, 23018, AND 6718 MONOPLANE WINGS

By M. J. Bamber and R. 0. House
SUMMARY

Three rectangular monoplane wings having rounded tips
were tested on the N.A.C.A. spinning balance in the 5-foot
vertical wind tunnel. The airfoil sections used were the
N.A.GL.A. 0009, 23018, and 6718.

The aerodynamic characteristics of the models and a
prediction of the angles of sideslip for steady spins are
given. There is included an estimate of the yawing moment
that must be furnished by parts of the airplane to balance
the inertia couples and wing yawing moments for spinning
equilibrium. The predicted angles of sideslip and yawing
moments required for spinning equilibrium for a Clark Y
wing with the same plan form are included for comparison.

INTRODUCTION

In order to provide necessary data for predicting air-
plane spinning characteristics from the design features,
the N.A.C.A. is conducting an extensive investigation to
determine the aerodynamic characteristics of airplane mod-
els and models of airplane parts in spinning attitudes.

The investigation to determine the spinning character-
istics of wings, in which the N,A.C.A. spinning balance
was used, included variations in airfoil section, plan
form, and tip shape of monoplane wings and variations in
stagger of biplane cellules. The first and third series
of tests reported were made of Clark Y monoplane wings with
rectangular plan forms, with square and rounded tips, and
with a 5:2 tapered plan form having rounded tips (references
1 and 2). The second and fourth series were made of a rec-
tangular Clark Y biplane cellule with -0.25, O, and 0.25
stagger and are reported in references 3 and 4.
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This report gives the aerodynamic characteristics in
spinning attitudes of N.A.C.A. 23018, 6718, and 0009 rec-
tangular monoplane wings with rounded tivs. Data for the
Clark Y wing previously tested are included for comparison.
The discussion of the data is based on the method of analy-
sis given in reference 1,

APPARATUS AND MODELS

The tests were made on the spinning balance in the
N.A.C.A, 5~foot vertical wind tunnel. The tunnel is de-
scribed in reference 5 and the 6-component balance in ref-
erence 6.,

The wings were made of laminated mahogany to the
N.A.C.A., 0009, 23018, and 6718 airfoil sections. They are
rectangular in plan form with rounded tips, and have an
aspect ratio of 6. The tip plan form is composed of quad-
rants of gimilar ellipses. he section profile is main-
tained to the end of the wings and, in elevation, the max-
imum upper-surface section points are in one plane. This
tip shape, as shown in figure 1,- has been designated the
"Army" tip. Figure 2 ,shows the N.A.C.A. 6718 model mount-
ed on the balance.

TESTS

In order to cover the probable spinning range, tests
were made at angles of attack of 202 400, 500, 606, and
70°., At each angle of attack tests were made with side=-
gdlip anzled of+30°%,,82, 09, w59, .and <10° for the N.A.Cad.
0009 and 6718 airfoils and of 5°, 0°, =5°, and =10° for the
NeAeCulAe 23018 airfoil. At each angle of attack at each
angle of gideslip, tests were made with values of Qb/2V
0 w0528y 088005750 and 1400 Jhe sansles of, attack were
referred to the chord of the section in the plane of sym-
metry. The angles of sideslip were measured at the quar-
ter-chord point in the plane of symmetry of the wing, which
wags the penber of rotatien for all testgs Becauge of vari-
ations between individual balance readings, at least one
repecat test was made for each condition and an average of
the individual measurements was used to compute the coeffi-
cientse

m

The tunnel air speed was 70 feet per second for tests
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with Qb/2V = 0.25 and 0.50, and 80 and 45 feet per second
for Qb/2V = 0.75 and 1.00, respectively. The Reynolds
Numbers of the tests were about 210,000 for the highest
air speed and 140,000 for the lowest air speed. Previous
tests showed no asppreciable change in scale effect for
this range.

RESULTS AND DISCUSSION

The data were converted to coefficient form by the
following relations:

X Y ‘

"X % 3 il %z = 35
ghely : Sl e

i qDbs Sl ¥ abS Ve abs

A1l coefficients are standard N.A.C.A. coefficients except
Cp, which is based on the span ‘instead of the chord of
the wing, and it may be converted to the standard coeffi-
clent by multiplying by 6. 4All coefficients are glwven
conventional signs for right spins (references 1 and 6)s
The coefficients and moments are given about the quarter-
chord point of the lower surface of the wing.

The coefficients of longitudinal force in.the earth
system of axes Cyp and of all six components of the
X b

forces and moments in the body system of axes are given in
taples @, II, and TII. Sample curves of CX"’ CI’ Cm’ and

)

gy ‘are given in figures 3 %o 6.

The data are believed to be correct to within the fol-
lowing limits:

Cyns, *0.02 Cy, +0.02 Cy, *0.01

CZ’ EQLa2 G, 20,002 CL’ £ 0001

1 EOR00 1

o corrections have been made for the effects of jet
boundary, scale, or interference of the balance.
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Voriation of the coefficients with airfoil section.-
The longitudinal-force coefficients © enerally de-
i .5

creasge in the order N.A,C.A. 6718, Clark Y, N.A.C.ds 0009,
and N.A.C.A. 23018 (fig. 3). The values of the rolling-
moment coefficients C; &generally are algebraically less
for the wings in the following order: N.A.C.A. 6718,

Clark ¥, Ved.Cuhs 230018, 'and NpdC. 4. 0009 (fiz, 4). The
Viaris tliong in C; with angle of attack, angle of sideslip,
and (b/2V are about the same for all the wings. The ab=
solute values of the pitching~moment coefficients Gp gen=
e¥ally decrease in the order N.A.C.A., 6718, Clark Y,
NeAoC.Ae 0009, and N.A.C.A. 23018 (fig. 5). The variations
in Cm with angle of attack, angle of sideslip, and Qb/EV
are about the same for all the wings. The values of the
Yyawing-moment coefficients C, generally decrease algebra-
teally in the erder Clark ¥, N.A.C.A. 6718, N.h.C.&s 0009,
and N.A.C.A. 23018 except at the low angles of attack and
at large values of Qb/2V, in which cases the values for
the NelAeC.A. 6718 wing are the lowest (fig. 6). The vari-
ations of €, for cach wing are small with changes in an-

gle of sideslip and are somewhat larger with changes in
Qv/ev.

For the coefficients of all wings to be exactly com-
parable, the angles of attack for each wing should have
been measured from the angle of zero 1ift and not from the
chord line. The following coefficients may be corrected
to the absolute angle of attack by the relations

CX no= CXu at a - Ao
(0] y
C'Il = CI"! at a - Ao
4 o 4. .
Cno = Cn - CL sin SAle,

where CX”’ GI’ Cm’ and Cn are the values given in the

s and Aa is the angle of attack for zero lift meas—
from the chord line. The wvalues of CL and C 5

o
obtained in this way will be approximate, but the actual
errors involved will be negligible. This same method may
be used to transfer the data to airplane axes, since the
vwing is usually set to give some 1lift when the thrust line

n
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of the airplane has zero angle of attack. For this case
Ao will be the angle between the chord line of the wing
and the thrust line when the wing is set to give the re-
guired 1ift.

ANALYSIS

The data were analyzed to show the effects of some of
the important parameters on the spinning characteristics
of an airplane using wings similar to those tested. The
method of analysis with the assumptions used and the errors
involved is given in references 1 to 6.

plane determine the values of wing loading, aspect ratio,
of gyration, and pitching moments. The characteris-
of airplanes have changed appreciably since the inves-
ion reported in reference l; therefore, in the present
ig the two sets of parameters given in the table bpa |
wvere used. .The previous values are the same as those
inlpeferences L to 4 and are idncluded toallow the wme-
in this report to be compared with the earlier in-
gations. The present values are used to cover the

for present-day airplanes.
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THe values of u cover the range for airplanes that

; 2
b
are normally spun. The early values of S - . e
- g b (ky ~ ky
_:'7 b 27 . . .
= :~~~—i§ cover the range for the 1l airplanes gilven 1n
I - k-
- % x.x

reference 7.

In each set, all the parameters were varied, one at a
time, while the others were kept at the mean values, ex-

cent OC which was set equal to CX” for all casese.

i)

iscussion of results of analysis.~ The angles of

at which the vpitching and the rolling moments bal-
ance in a steady spin and the yawing moment that must be
furnished by the other parts of the airvlane to balance
the inertia couples and the wing yawing moments are plot-
ted against the first set of parameters in figures 7 to 14

s

and against the second set of parameters in figures 15 to

22, Uegative valucs of C, required show the amount of
yawing moment ovposing the spin that must be supplied to
balance the resultant aiding moment given by the wings and
the imertia couples., It is obvious that, ian order to ln-
sure aszeinst a dangerous spin, an additional opposing mo-
ment must be supplied as o margin of safety.
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Parameters Previous values Present values
Slope of assumed pitching-|0.0010, 0.9015, 0.0010, 0.0020,
moment curve {0=00209%% 0s0025, (00080 ),
" and 0,0030 0.0040, ond
-C 0500560
s
aren®
Pitching-moment inertia 60, (80)®, 100, 40, (60)%, 804
parameter and 120 and 100
I8 wliba (m
v 2_k 2 \c
i X
Relative density of 205 1 (5goh T s ; 245, Baln g™
airplance to air, W and 10.0 1040, 'and 1245
(_m_)
\pSb/
Rolling- ond yawing- TR G O B - B DedB., 020,
moment inertio parameter and 2.0 (0s50)2, 100,
and 1,50
kz° = :vg (Q:E\
BN C-A/
o I &
kz Ly
Lift COOI;Af’iCiCLt, CL CL = CX" CL = CX"
a‘Values in pnarentheses are mean values of the parameters,
A = mkxg, the moment of inertia about the X axis.
B mkve, the moment of inertia about the Y axis.
C = mkz?, the moment of inertia about the Z axis.




N.A.C.A. Technical Notc No. 633 B

Increasing the pitching-moment parameter 20
o
a - 20
increases the aerodynamic diving moment. An increase may
be accompnlished by increasing the area of the horizontal
tail surfaces, putting the elevators down, or moving the
center of gravity of the airplane forward. Increasing the
2

ritching-moment inertia parameter T W decreases the

inertia vpitching moment, which has about the same effect
as increasing the aerodynamic pitching moment. An increase
may be accomplished by increasing the aspect ratio of the
wing or by so distributing the weights in the airplane that

e kfa will be reduced without changing the ratio

) =0 B :
Iacreagsing -—-——=— or -———————= g@glgebraically de-

o =2 ky
es the sideslip (changes it in the direction from in-
teoward outward) for all wings and all parameters used.,

(Sec fi#s. 7, 9, 15, and 17.) The rate of change of the
lip depends upon the angle of attack, the airfoil sec~

and tho other parameters used. The effect of incrcas-

ing -——%—— or —-———2———— on O required is about the
= 0 2 a n
@ = 20 kp® - ky
game for each wing with each set of parameters. With the
sot of parameters the algebraic values of C, re=

. m ; :
RUTDEe gbnerally decrease as —— ¢ eand g TE ine

‘erecase (figzs. 8 and 10). With the second set of parametoers

=

C, reguircd increases to a maximum at about ——=—
i o = 20

0400230 and then generally decrcascs as ——-8..—, increases
further (fig. 16).

The parameter W may be increascd by increasing the
wing loading or the span loading and by flying at higher
altitudes Increasing | algebraically increases the
sideglip for all wings with both sets of parameters, the

ange being very large when p is less than 5.0
snd 19)s There is g slight tendeney foxr L. ko
algebraically with p (figs. 12 and 20).

g_r' 1—1, .

fnerease &
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The rolling- and yawing-moment inertia parameter

~“§~~~»X§ may be increased by moving weight from the cen-
i

Z X
ter of grawvity out .along' the wing. Increasing this param-
eter algebraically decreases the sideglip exeept for the

N .A«Culis 0009 ond N.A.C A, 23018 wings at 50°, 60°, and

70° angle of attack. The rate of decrease is greategt for
bheBlark ¥ and NoleeG. i 6718 wings: (fige. 13 and 21 )
L

) 3 b ' LZ = kYB .
Lhe "ol goibraich walwe of 0 decrieasels aSis Fidan o o S8

creases except for the N.A.C.A. 0009 and W.A.C.A. 23018
wings ot 50°, 60°, and 70° angle of attacks Tho rate of
echange of © With arTasr—Sa is largest for the N.A.C.A.

n
1 -
K 4 Zx

6718 wing (figs. 14 and 22).

The results show that, generally, the algebraic value
of the sideslip will increase for the wings in the follow-
ingo orderel " NA G A 0003, NeACods 23018, Clark Y., and
N.A.CeA, 6718, It is interesting to note that the amount
of camber of the wing sections increases in this same or-
der (fige 1). It appears, then, that the sideslip 1s more
dependent upon the camber than upon the thickness of the
wing section,

The general indications are that the algebraic values
of 0, required decrease in the following order: N.A.C,A.
23018, H.AsC.As 0009, N A.C.Ay 6718, and Clark Y when

e . 2
Ko L
Sl s i@ prepter Lhan laRs ang N.A.CoA. 6718, NAaC.le
kz = }‘CX k72 - I 2 ‘f
2ubig Filehs Uil G008 ard’ Clank B when —fg———t=- ds leEs |
k -k j
Z X |
BEGR 90 kelees 8,30, Loy M, BB A8, 20y ‘and 22) 4" The |
1—22 e kYa ‘f
reason for the order to change when ——z3———7 1s greater ﬁ
' - TR ¢ |
or legss than 1.0 is that the inertia yawing moment changes |
sign at that wvalue.
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acteristics of an airplane in which any of these monoplane
wings is used depends largely upon the aerodynamic yawing-
moment characteristics of the particular airplane. The

value of Cn required, as given in this report, is numeric=

"ally equal and of opposite sign to the sum of the wing yaw=-

ing moments and the inertia couples. At any angle of at-

tack, when this value of C, 1is supplied by the empennage,

‘fusclage, and interference effects a steady spin will result

provided that the equilibrium is stadble; for any other value

of C, the airplane will not spin at that attitude. +In op=
der to insure against a steady spin in any attitude, a value
of €, opposing the spin must be provided that is larger

than any attainable value of 0, required for that particu~-

lar loading condition. The yawing moment supplied by the
empennage, fuselage, and interfercence effects depends upon
the sideslip, the size and shape of the fuselage and tail
gurfaces, the location of the horizontal tall surfaces with
respect to the fuselage, fin, ond rudder, the amount of fin
ares ohead of the center of gravity, the interference ef-
fects between the wing and the rest of the airplane, and

the limits of the control movements. Data on some of these
effects are reported in refercnce 6 and in references 8 to
1.8 The geometry of the svin indicates that the vertical
tail surfaces should become more effective in producing 2
yawing moment opposing the spin as the sideslip becomes more
outward. Fin area ahead of the center of gravity will give
yowing moments aiding the spin if the sideslip is outward.
(S8ee refercnce 12, fig. 2.)

If the values of O, for all parts of the airplane
were known, the prediction of the spin would depend on the
nlgebraic sum of the individual values of ¢ for each
part for cach angle of attack. In any estimate, for normal
airplancs, it will be found that 2 change in some factors
will chonge the yawing moment for gome parts in a sense to
opposc the svin; whereas, for other parts, the effect will
be reversed so that the magnitude of the change in G, for
each part must be considercd.

¢ one with a wing

fe)iiol Wt
required and small

¢ airplane least likely to s
large algebraic values of C
o

o
n
algebraic values of sidesglip.
M ; e : y ] 1 i hich th
The foregoing digscusgion shows the manner 1n whice e
value of O, given by the fuselage and tail surfaces may
be exvected to vary with sideslip.
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The results of the analysis indicate that the Clark Y
wing, if used on a conventional monoplane, would always be
more liable to give a dangerous srin than some one of the
three wings investigated. The N.A.C.A. 0009 and the N.A.C.A.
23018 wings would generally be equally good. The N.A.C.A.
0009 wing usually gives a lower algebraic value of C, reo-
quired than the N,A.C.A, 23018 wing but it also has a lower
algebrgic value: of gsidesglip (more outward): The N.h«C.ds
6718 wing may be superior to the other wings investigated

kgt =lky® |
when the value of *Zg—M—izg ig less than about 0.6 and
kg" = ky
(1) the airplane has large fin area ahead of the center of
grovity or (2) %the fuselage and tail are so arranged that
the change in yawing moment with sideslip is small,

CONCLUSIONS

The following conclusions are indicated by the analy-
sis presented for a conventional monoplane having a rec-
tangular wing with rounded tips:

ls A monoplane having either the N.A.C.A. 0009 wing
or the N.A.C.A, 23018 wing appears to be less liable to
spin dangcrously than with either of the two other wings

tested except the N.A.C.A. 6718 wing when —“Fo———=— <

about 0.6 and the yawing moment produced by the fuselage
and tail surfaces does not change much with sideslip,

2ea For all conditions investigated, one or more of
the threc wings tested was always superior to the Clark Y,

3¢ The algebraic valuc of the sideslip required for
equilibrium in = spin increases (changes from an outward
to an inward direction) as the camber increases.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., Deccmber 23, 1937,
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‘AERODYNAMIC CHARACTERISTICS OF THE N.ACA. 0003 MONOPLANE WING WITH

ROUNDED TIPS
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TABLE II. AERODYNAMIC

CHARACTERISTICS - OF THE N.A.CA.23018 MONOPL ANE WING WITH
ROUNBED TIPS.
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N.A.C.A. Technical Note No. 833 Table 3

TABLE 3T

AERODYNAMIC CHARACTERISTICS OF THE NAC.A. 6718 MONOPLANE WING WITH
ROUNDED TIPS
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