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AERONAUTIC SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

I 
Metric English 

Symbol 
Abbrevia-Unit Abbrevia- Unit tiou tiou 

Length _______ I meter __________________ m foot (or mile) _____ ___ _ ft. (or mi.) 
Time ____ _____ t second _________________ s second (or hou r) ___ ___ _ sec. (or hr.) 
Force _________ F weight of 1 kilogran:L ____ kg weight of 1 pound ___ __ lb. 

Power ________ P horsepower (metric) ________________ horsepower _______ ____ hp. 
Speed _________ V {kilom.eters. per hOUL _____ 1 k .p .h. miles per hOUL ______ _ m.p.h. 

meters per second_ _ _ _ _ _ _ m.p.s. feet per second ________ f.p.s. 

2. GENERAL SYMBOLS 

Weight=mg 
Standard acceleration of gravity = 9.80665 

m/s2 or 32.1740 ft. /sec.2 

W Mass = -
g 

Moment of inertia = mk2• (Indicate axis of 
radius of gyration k by proper subscript .) 

Coefficient of viscosity 

P, Kinematic viscosity 
p, Density (mass per unit volume) 
Standard density of dry air, 0.12497 kg_m-4_s2 at 

15° O. and 760 mm; or 0.002378 lb.-It.-4 sec.2 

Specific weight of "stanJard" air, 1.2255 kg 1m3 or 
0.07651 Ib./cu.ft. 

3. AERODYNAMIC SYMBOLS 

Area 
Area of wing 
Gap 
Span 
Ohord 

Aspect ratio 

True air speed 

Dynamic pressure = ~P V 

Lift, absolute coefficient (;, :s 
D!'ug, absolute coefficient 0 D = ~ 

Profile drag, absolute coefficient CD. = ~s 

Induced drag, absolute coefficient CD, = ~S 

Parasite drag, absolute coefficient CD = DS1> • q 

Cross-wind force, absolute coefficient Cc = Os 
ql.; 

Resultant force 

Q, 
Q, 

111 
p- , 

}.I 

Angle of setting of wmgs (relative to thrust 
line) 

Angle of stabilizer setting (relative to thrust 
line) 

Resultant moment 
Resultant angular velocity 

Reynolds Number, where l is a linear dimension 
(e.g., for a model airfoil 3 in. chord, 100 
m.p.h. normal pressure at 15° 0., the cor
responding number is 234,000; or for a model 
of 10 cm chord, 40 m .p.s. the corresponding 
number is 274,000) 

Oenter-of-pressure coefficient (ratio of distance 
of c.p. from leading edge to chord length) 

Angle of attack 
Angle of downwash 
Angle of attack, infinite aspect ratio 
Angle of attack, induced 
Angle of attack, absolute (measured from zero

lift position) 
Flight-path angle 
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REPORT No. 519 

SPINNING CHARACTERISTICS OF WINGS 

I- RECTANGULAR CLARK Y MONOPLANE WING 
B~' M. J. BAMBER and C. H. ZD[~IEIlMA:' 

SUM f ARY 

A . eries of wind-tunnel test - of a recta ngular Clark Y 
wing W(LS made ?J.Yith the T . .II. C. 1. ::;pinn ing balance 
as part oj a general program oj research on airplane 
spinning. ,'Ill i.e component oj the aerodynamic force 
and moment were measured throughout the range of angles 
of attack, angles of side -lip, and '/'alues of flb /2r likely 
to be attained by a spinning airplane; the result::; were 
reduced to coe.fficient form. 

The latter part of the report contain an analy is 
illustrating the application oj data from the pinm'ng 
balance to an estimation of the angle oj side lip nece -
sary for spinning equilibrium at any angle of attack. 
The analy i· also haws the amount of yawing moment 
that must be supplied by the fuselage, tail, and inter
ference effect in a steady spin, The e..tfects of variation 
of such factors as mass distl'ibution attitude wing , , 
loadings, etc., upon the likelihood of a monoplane tcith 
a tectangular rlark Y wing attaining a steady spill as 
revealed by th e analysis are cOllsidel'ed ill the di. C11SsiOll 

It is concluded that a com·entional monoplane with ~ 
l'ectangular Clark Y wing can be made to attain ,\;jJil/l/1'ng 
equilibrium throughout a wide 1'Cl1lge of angle ' of attack 
but that provision of a yawing-moment coefficient of 
-0.02 (i. e. again·t th e spin) by the tail, fuselage, and 
interferences will ir/'~1lre agaillst attainment of equilibl'i11m 
,in a steady spin. 

INTRODUCTION 

Estimation of the probability of an airp lane" 
attaining a teady spin and aloof the ea e and 
quiclme of recovery can be made when the airplan(' 
i being de igned only if data on th e ael'odyn amic 
cbaracteristi s of the component part , togeth l' with 
interference effect, arc available for all pinnillg atti
tude and condition within the possible range. Th e 
National Advi ory Committe(' for Aeronautic ba 
undertaken an extensive program of re ea]'ch u ing the 
pinning balance to obtain uch data fo!' a number of 

wings and wing combinations. A rapidly a con-

ditions permit the tests will be extended to ('o\'er tail 
and [u clage combinations ancl interferenc(' eff('cts. 

The ril'st part of thi, I'('pod PI'(' ('nts the llerody
namic characteristics of It rectfUl,O'ular Clark Y mon'o
plane wing, which was the fir 1 wing te ted on th e 
s pinning balance, throughout the range of llngle of 
attack, angle of id e lip, ancl Qb/21'likely to be attained 
in teady pin by an aiJ'plane of ('on ~ ' ell tional type. 
In the econd part of the report the data Hrc anal~Tzed 
to show the sicl(' lip Ht the centeJ' of gJ'a \'ity and' th(' 
yawing-moment coeffic ient nece sary from part of 
the airplane other than the wing foJ' equilibrium in 
pin at variou angles of attack 1'01' yariou loadings, 

mas di trihution ,and. vnltH,. of th(' pitching-moment 
coefficient. ~ 

The analy i illu trates the use of a method of e ti
matinO' the effect. of the wing characteri tic upon th(' 
conditions nece . aJ')' for steady pinning equilibrium. 
\\llell sufficient datn are a\'ailabJr on the aerodynamic 
chal'acleri tics of Yl'Irious comhinations of tail and 
fuselag('s throughout thp spinning range , the method 
can be lI sed to calculate }l('iual spinning atLitucl for 
pecir-ic combinations and, if extended, to estimate the 

time nece sary [or recovery from tho e attitudes with 
pecir-ic control mo\'ements. Th(' method of analy is 

is imilar to Ulat deYCloped by BriLi h inve tiO'ntors 
(reference 1) but diIrer from it in detail b Cflll p of 
diA'erences in the form of the nvailahlp datfl. 

AERODYNAMIC DATA 

AI'I'AIlA'I'US AND MODEI_ 

Aerodynamic' fOl'ces and moments in the yarious 
spinnin O' attitudes \\'ere lllea ured with t11(' . pinning 
halancc (I'efel'encp 2) in ill(' T. A. . A. 5-foot vertical 
wind tunnel (reference :3 ) . 

The Clark Y wing model is reC'langulal', 5 inche 1w 
30 inch e ,with quare tip. It is made of laminate~1 
mahogany and ('ut out aL t hc center for a bnll-damp 
atta hment to the balaJlC'l'. The model is '!lown in 
place on the pinning balflllce in figure], 
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SPI NING CHARACTERIS'fICS OF RECTANGULAR CLARK Y WING 3 

TESTS 

All six component of the aerodynamic force and 
moment exerted on the model \\"ere measured at 5° 
intervals of angle o[ attack (measured at the plane of 
symmotry) from 25° to 70°. Because of the spread o[ 
the data, from 5 to 10 te ts were made and the result 
a\'eraged for each test condition at angles of attac.k of 
30°, 40°, 50°, and 65° . At each angle of attack the 
model was te ted with _10°, _5°, 0°, 5°, and 10° 
sideslip. At each angle of ideslip (3 for each angle o[ 
attack, tests were made with values of rtb /2V of 0.25, 
0.50, 0.75, and 1.00. All tests were made with the 
quarter-chord point of the lower surface of the wing at 
zero radiu . 

The air speed [or values o[ rtb /2V of 0.25 and 0 .50 
was 65 feet per second. With rtb /2V equal to 0.75 and 
to 1.00 the air speeds were 60 and 45 feet per econd, 
re pectively. These poeds cover a range of values of 
Reynolds Number from 106,000 to 153,000. Early 
test,s on the spinning balance indicated little scale 
effect \\-i thin thi range (reference 2) . 

SYMBOLS 

The symbols used in the pape.r are li ted here for 
ready referenrp. 
lX, Angle of attack at center of gravity. 

(3=sill- J V' Angle of sideslip at the center of grayity. 

v , 

l' , 

!I, 

b, 
S, 

Resultant linear velocity of the center of 
gravity. 

Linear velocity along the Y airplane 
axi, po itiye when the airplane i 
ideslipping to the right. 

Re ultant angular velocity, radians pel' 
second. 

Span of wing. 
Area of wi.ng. 

q = }~ p 1 T2, Dynamic pressure. 
p, 
X , 

Y, 

z, 

L, 

:'11, 

N, 

Air density, lug/cu. ft_ 
Longitudinal force acting along the X 

airplane ari , posi ti \"e f o {'\\"a rd . 
Lateral force acting along the Yairplanp 

axis, positive to the right. 
~ol'll1al force acting along the Z airplane 

axis, positive down ward. 
Rolling moment acting about the X air

plane axi , po itive when it tend to 
lower the right wing. 

Pitching moment acting about the Yair_ 
plane a:\'-:l, positive when it tends to 
increa e the angle of attack. 

Ya\\-:lng moment acting about the Z air
plane axi, positive when it tend to 
t urn the airplane to the righ t. 

Force, and moments wi.th double primes (e. g., X") 
are m the ground system of axes where Z" is positive 

downward and X" is ::Llong the radius of the pm, 
positive toward the center of the spin. 

Coefficient o[ force are obtained by dividing the 
force by q . 

Coefficients of moments are obtained by dividing 
the moment by qbS. 

In Relative den ity of airplane to air. Cnder 
11=-' .. 

pSb standard condltlOns, 11= 13.1 W/Sb. 
m = lTjg, Mass. 
kx,k J-,kz, Radii of gyration of the airplane aboll t tho 

X, Y, and Z airplane axe, re pectively. 
rv b2 Pitching-moment inertia pa,ram-

Iczz-kxz g(O- A)' eter. 
kZ

2-k/ O-B Rolling-moment and yawing-mo-
/cz2-kx2 O-A' ment inertia parameter. 
A = mlc)/, Moment of inertia about the X airplane axis. 
B=mky2, Moment of inertia about the Y airplane axis. 
c= mlcz2

, Moment of inertia abou t the Z airplane axis_ 

RESULTS 

Results of the me::LSll rement have been rE'duced to 
the following coefficient for.m, which are "tandard 
,,"ith the exception of that for pitchinO' moment, for 
which the coefficient is based on the pan rather than 
on the chord: 

.\' 
(\=. q 

M 
('1Il = qr-

N 
0 ,,= qbS 

Pitching-moment coefficients can be referred to the 
chord of the \-\-:lng by multiplying the "allle giwn by 6. 
All value are giYen in term of right pin . 

The value of the coefficient for body axe are 
plotted against anO'le of attack in fi.gure 2 to 7 . The 
coefficient for ground axes (a lI _ming the pin a:\.-:ls a 
the ZI! a:\.-i po itiYe downward in flight ) are plotted 
against angle of attack in figure to 13 . 

Variation, of n, Om, and n \\i.th (3 and flb /21 T 

are 
plotted for typical ca e in fiO'tIres 14 to 16. 

The data gi'"en ill the faired cun-es of figmes 2 to 7 
are believed to be correct for the model under the 
condition, of te t \\-ithin the followi.ng limit: 

Ox, ± O.Ol C1, ± O.002 
01-, ± 0.01 C1Il , ± 0.00.) 
('z, ± O.04 ('", ± O.002 

o correction haye been made for tunnel-wall block
ing, or ~cale etrects. 

OISCUSSlOK 

Although Yalue. of the coefficient hayc been in
cluded for ground axe , in order to avoid confu ion thi 
eli cu ion \\i.ll be confined to the coeffieien t hac ed on 
body axe -
L~ngitudinal-foree coefficient Cx.- Tbclongitlldinal

force coefficient wa. small throllgholl t the range. In 
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SPINNING CHARACTERISTICS OF RECTANGULAR CLARK Y WING 11 

general, values were negative at low angles of attack 
and positive at high angles. Ohanges with sideslip 
were small and irregular. 

Lateral-force coefficient Oy.-The lateral-force co
efficient was very small, never greater than 0.05 in 
absolute value, and no decided trends were indicated . 

Normal-force coefficient Oz.-The normal-force vec
tor was nearly the same as the resultant-force vector 
throughout the tests. It increased in magnitude with 
angle of attack except at the higher values of nb/2V 
between the angles of 55° and 70°. The change with 
nb/2V was quite marked. The highest value of the 
coefficient reached was 2.17 at a=55° with nb/2V=1.00. 
This value is 43 percent greater than that predicted 
by the strip method, assuming a rectangular distribu-

.08 lb/lv 
0.25 

--- - -- -- .50 
- --- . 75 
--- / .00 .04 

of nb/2Vof 0.75 and 1.00, the change of rolling-moment 
coefficient with change in side lip was the same as at 
the lower rates of rotation at intermediate angles of 
attack but changed sign at each end of the angle-of
attack range. Increasing the value of nb/2V resulted 
in larger negative values of 0, throughout the range 
of the tests, the effect being more pronounced at low 
angles of attack than at high angles. 

Pitching-moment coefficient Om.-The pitching
moment coefficient became more negative with increase 
in angle of attack at all values of {3 and nb/2V. The 
curves are similar to those of Oz. Pitching-moment 
coefficient changed irregularly with sideslip. In gen
eral, the changes were small and revealed no distinct 
trends. At 30° angle of attack no definite trend of 

J 
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F IGURE l 6.- Variation of yawing·moment coeffi Cient C. (body axes) with angle of sideslip Bnd with Ilbf2V. 

tion. The normal force changed considerably with 
sideslip, particularly at the higher values of nb/2V. 
In general, there was but small change with outward 
(negative) sideslip but definite decrease in value with 
inward sideslip . 

Rolling-moment coefficient Oz.- The rolling-moment 
coefficient changed but slightly with angle of attack at 
low values of nb/2V. At values of nb/2V greater than 
0.50 the decrease in moment opposing the rotation with 
increase in angle of attack was quite marked. Sideslip 
had a pronounced effect upon the rolling-moment co
efficient. With nb/2V=0.25, the coefficient became 
more positive with change of sideslip from inward to 
outward at all angles of attack. The same was true 
with nb/2V=0.50 except at an angle of attack of 25°, 
where the change was slight and indefinite. At values 

change of Om wi th nb/2V was indicated. At higher 
angles of attack Om became more negative with increase 
in nb/2V. 

Yawing-moment coefficient On.-Values of yawing
moment coefficient were small throughout the range 
covered by the tests, the maximum value being 0.022 
with a=25°, {3=0°, and nb/2V=1.00. There was a 
general tendency for On to decrease with increase in 
angle of attack, although individual curves had po itive 
slopes at some angles of attack. Ohanges of On with 
sideslip were small and irregular and did not reveal any 
definite trends. Yawing-moment coefficient curves 
revealed a general tendency for the coefficient to in
crease with increase of nb/2V, although individual 
curves had negative lopes over part of the nb/2 V range. 
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ANALYSIS OF SPINNING CHARACTERISTICS 

FORMULAS FOR COMPUTATIO OF SPI NlNG EQUILIBRIUM OF 
AIRPLA ES 

The following formulas were obtained from exact 
equations for equilibrium in a steady spin by a series 
of approximations. (See Appendi.x.) Comparison of 
values of a, for equilibrium estimated by this method 
with values obtained from flight res ults (references 4 
and 5) shows the results to fall well within the experi
mental accuracy of the aerodynamic data for ordinary 
value of ide lip. For values of side lip of 10° in
ward or 15° outward the results may be in error by 
as much as 10 percent, the estimated value being 
less in ab olute magnitude than the true values. 
From a practical standpoint even this amount of 
discrepancy is insignificant, the only effect being a 
slightly erroneous estimation of the amount of ide
slip necessary for equilibrium and a mall error in 
estimating the gyroscopic yawing-moment coefficient. 

The formulas are: 

Qb ~ -am b
2 

-= . X - 2--"2 
2V 3.841l sm 2a kz - kx 

(1) 

A - 0 ( ki-k y 2 )~- Om tan a 
1- L b-.jk 2 k 2 2 z - x Il 

(2) 

(3) 

h mU d d d d" 13.1 W were Il = p S b' n er stan ar con ItlOns, Il= Sb 
(reference 6). 

RA GE OF INDEPENDENT VARIABLES USED IN COMPUTATIO S 

Estimations were made of the pinning equilibrium 
from 30° to 70° angle of attack and from -10° to 
10° angle of sideslip for a representative case with 
the following assumed characteristics: 

Slope of pitching-moment curve, a ~Oo=0 .0020 
Lift coefficient, OL= Ox" 
Relative density of airplane to air, J1.=5.0 
Pitching-moment inertia parameter, 

b2 

ki-kx 2 80 

Rolling-moment and yawing-moment iner tia param-
eter, 

and for 15 additional cases determined by changing 
the variables one at a time from this mean. These 
conditions are summarized in table I. 

TABLE I 
CONDITIONS USED AS BASIS OF SPINNI G 

ESTIMATIO S 

-Cm 
CL 

b' kz' -k)" 
a-20° !' kz'-kx' kZ'l- lex 2 

0.0010 Ox" 5. 0 80 1.0 
.0015 ex" 5.0 0 1.0 
.0020 ex" 5. 0 80 1.0 
.0025 ex" 5. 0 80 1.0 
.0030 ex" 5.0 80 1.0 
.0020 o. ex" 5. 0 80 1.0 
. 0020 1.2Cx" 5.0 0 1.0 
.0020 C" x 2. 5 0 1.0 
.0020 e x" 7.5 0 1.0 
.0020 e x" 10.0 0 1.0 
.0020 e x" 5.0 60 1.0 
. 0020 ex" 5. 0 100 1.0 
. 0020 ex" 5. 0 120 1.0 
.0020 e x" 5. 0 0 .5 
.0020 ex" 5.0 0 1.5 
.0020 ex" 5. 0 SO 2. 0 

The variations in relative density J1. (reference 6) 
include the range of conventional airplanes, 1l= 2.5 cor
responding to a wing loading of 6 pounds per square 
foot and a span of 31.2 feet and 1l=10 corresponding 
to a wing loading of 20 with a span of 26.1 feet, under 
standard conditions. 

Variations in the parameters 

b2 d kZ
2-k y

2 

7cz2-7cx2 an 7ci-kx2 

cover the range given in reference 7 for 11 airplanes. 
These parameters may be rewritten as 

Wb 2 O-B . 
g(O-A) and O-A' respectIvely, 

where A=m7cx
2, the moment of inertia about the X 

aXIS. 

B =m7c y
2, the moment of inertia about the Y 

aXIS. 

0=m7cz2, the moment of inertia about the Z 
aXIS. 

METHOD OF ARRIVING AT CONDITIONS FOR SPI Nl G 
EQUILIBRIUM 

The values of angle of sideslip and of aerodynamic 
yawing-moment coefficient that must be contributed 
by parts of the airplane other than the wing were 
estimated by the following method: 

The value of Qb/2V was computed with the appro-

priate values of Om, Il, and " 2~k 2' using equation (1) 
Cz x 

for angles of attack of 30°, 40°,50°,60°, and 70°. 
The aerodynamic rolling-moment coefficient neces

sary for equilibrium was computed from equation (2), 
. . 1 fa kz2-1cy2 ki-k y

2 
usmg appropnatc va ues o · L, b-.jk 2-k 2 ' k 2 2 ' J1., 

z x z - kx 
and Om for angles of sideslip of -10°, -5°,0°,5°, and 
10° at angles of attack of 30°, 40°, 50°, 60°, and 70°. 
The value of OL was obtained from the test data for 
the appropriate values of a, {3, and Qb/2V. The value 
of Om was assumed not to change with sideslip . Values 
of 0 1 so computed were plotted against angle of sideslip. 
(See figs. 17 and 18.) 
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Aerodynamic values of 0 1 were determined for the 
values of nb/2V computed from equation (1) at the 
appropriate values of IX and {:3 by adding to the value 
given by the wing on the spinning balance an arbitrary 
constant amount flO I =0.02, for reasons given in the 
discussion. These values of 0, were also plotted in 
figures 17 and 18. The points at which curves for 
the same angle of attack intersect represent conditions 
of equilibrium of all forces and moments except yawing 
moment. A smooth curve was drawn connecting such 
points. 

Values of On necessary to balance the gyroscopic 
yawing moment were calculated from equation (3) for 
the values of 0, on the curve of equilibrium of rolling 
moments and were plotted against angle of attack. 
The values of On for the appropriate conditions of IX, {3, 
and nb/2V from the tests of the Olark Y wing were 
increased by flOn=0.006 and plotted against IX on the 
same charts. The algebraic difference between the 
two CUl'ves of On already plotted was then plotted and 
represents the value of On that must be supplied by 
fuselage, empennage, interference effects, etc., to give 
equilibrium in a steady spin at the given angle of attack. 

RESULTS OF COMPUTATIONS 

Sample charts illustrating the method of estimating 
the value of 0, and of sideslip for rolling-moment 
equilibrium at any angle of attack and giving the 
variation of sideslip with angle of attack for those 
particular cases, are given in figUl'es 17 and 18. Sam
ple variations of On with angle of attack are also 
shown. 

The variations of sideslip necessary for equilibrium in 
. . h -Om 0 b2 d kZ

2-ky
2 f 

a spm WIt 200' fJ., L, k 2 k 2' an k 2 k 2 or 
IX- x - Z Z - x 

angles of attack of 30°, 40°,50°,60°, and 70° are plotted 
in figures 19 to 23, inclusive. In these figures, as 
elsewhere in the report, negative sideslip is outward 
sideslip. 

Values of aerodynamic yawing-moment coefficient 
which must be supplied by parts of the llu-,plane other 
than the wings are plotted against the independent 
variables for angles of attack of 30°, 40°,50°,60°, and 
70° in figures 24 to 28, inclu ive. A negative value 
indicates that the moment supplied must oppose the 
rotation. 

DI CUSSIO 

Purpose of including computations.- The computed 
values of sideslip and of yawing-moment coefficient for 
spinning equilibrium "vith a rectangular Olark Y wing 
are included as a basis for discussion of the meaning 
of the aerodynamic characteristics of the wing in terms 
of spinning characteristics. They also illustrate a 
comparatively simple and direct method of estimating 
the spinning characteristics of an airplane for which the 
inertia and aerodynamic characteristics are known or 
have been estimated. 

Validity of assumptions.-The degree of approxi
mation of the computed results caused by the approx
imations in the formulas has been discussed in the 
section giving the formulas. The approximations have 
no significant effect upon the points considered in the 
present di cussion. 

When malting the computations, 0,,. was assumed to 
vary linearly with angle of attack and was not corrected 
for the efIect of nb/2V or {3. Such an assumption is 
legitimate for purposes of this discussion but should 
not be taken as other than very roughly representative 
of the case of an actual airplane. 

It was assumed that no aerodynamic rolling moment 
is supplied by parts other than the wing or by inter
ference eiIects. As a matter of fact, there will be 
rolling-moment contributions from the fuselage, hori
zontal and vertical tail surface, wheels, etc., but the e 
will all be small in comparison with the wing rolling 
moment and will make but very minor changes in the 
e timated angle of ideslip. 

When making the corrections in 0, and 0,,, it was 
assumed that consistent dillerences that had been 
found between model and full-scale values (reference ) 
were due to scale effects upon the wings. This as
sumption is probably correct for 0, but is not neces
sarily so for On, since the aerodynamic yawing moment 
from other parts of the airplane is of the same order of 
magnitude as that from the wings. 

The values of flO, and flOn of 0.02 and 0.006, respec
tively, were chosen after consideration of the differences 
between model and full-scale data for tests in 7 different 
spinning conditions for an F4B-2 airplane and 2 dif
ferent conditions for an Y - 1 airplane. There is not 
sufficient experimental evidence to warrant placing 
implicit trust in the quantitative values of these cor
rections; but that corrections must be applied of the 
same order of magnitude seems beyond doubt, par
ticularly in view of the fact that British inve tigators 
working under different conditions have found similar 
discrepancies between full-scale and model results 
(references 9 and 10). 

Typical examples.-Typical cases showing the na
ture of the variations of 0" {3, and On "vith angle of 
attack are given. The first case (fig. 17) represents 
the mean condition assumed for the calculations and 
corresponds to A = B with average values of Om, fJ., and 

b2 

The second case (fig. 18) corresponds to the kZ
2-kx

2' 

b2 

same values of Om, fJ., and k 2 k 2 with A > B. 
Z - x 

In both the illustrative cases, 0, varies from a small 
positive value at 30° angle of attack to a large negative 
value at 70°. All the curves of rollulg moment 
equilibrium were similar. Positive values of 0, indicate 
that the outer ,ving tip is above the inner tip. 

In all but one case the angle of sideslip necessary 
for equilibrium varied from a small value, either 
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inward or outward (positi,e or negatiYe, re pectiYely, 
for a right spin as here shown), at low angle of attack 
to a fairly large yalue outward at intermediate and 
high angles. The one exception wa the case of a 
lightly loaded airplane (.u="2.5) for which an outward 
side lip of approximately 10° wa required throughout 
the angle-of-attack range. 

The ,ariations of 0" with angle of attack ho,,'n in 
figure 17 and 1 are typical of all the compu ted yalues. 
The ca e hown in figure 17 represents the ondition 
when A=B and the inertia moment i therefore zero . 
Figure 18 illu tl'ates the nature of the variation of the 
aerodynamic moment necessary to balance the iner tia 

B(ki-ky2» Th moment for a case when A > k
Z

2-k
x

2 1· e 

yalue of (1" that must be upplied hy the fuselage, 
empennage, and interference effects are in most ca e 
negatiye and of the order of - 0.01 at angles of attack 
of 30° and 40°, becoming Ie s negatiye and in some 
ea e slightly po itiYe, at the higber angle. 

Effect of variation of pitching-moment coefficient 
Om.- Incl'easing the pitching-moment coefficient in 
the negative en e at any angle of attack in crea es the 
yalue of nb/2V nece sary for equilibrium of pitching
moment coeffi cienLs and aHect bo th the aerodynamic 
characteristics and the iner tia rolling and yawing 
moments. As a result (see fig. 19) the amount of 
ou tward ideslip neee ary for equilibrium of rolling 
moments increa e a Om i made more negative at 
any angle of attack. There wa lit tle change in the 
yawing-moment coeffi cient required for equilihrium 
(fig. 24) and no marked trend was revealed. 

The net )'e ult of changing Om will depend on the 
s tatic stahility in yaw (slope of curve of yawing mo
men t against sideslip) of the airplane \\-iLh respect to 
body axe at the angle of attack under co n ideration 
and upon the di tance of tbe damping urface of the 
fu elaO'e and empennage from the center of gravity. 
If it be a umed that th e value of 0" from all part 
other than the wing can he separated into one part 
due to the ide lip at thc center of gravity and into 
another part due to the ro tation, it can be h O\\,11 that 
theoretically tb e yawing-moment coefficient due to 
sid e lip varie linearly wi th ide lip and that the mo
men t coefficient oppo ing the pin upplied by the 
damping urface incl'ea e approximately linearly 
" 'ith increa e of llb/21'. uch a t reatment i valid for 
stability comp utation where small rates of rotation 
and mall angles of ideslip are involved. The conc pt 
i valuable in con idering the effect upon yawing
moment eq uilibrium in spin ; but, becau e of the high 
rates of rotation and large angles of side lip involved 
together with the accompanying interference efl'ect 
it i doub tful if very ati factory re ul t can he obtained 
from a quantit ative analysi. On a qualitative ha i 
it appeal'~ that inc-rea ing Om in Lh negative ell e will 
reduce the likelihood o[ attaining equilibrium in a spin 

if the airplane i sLatically stable in yaw becau e of the 
necessary increase in nb/21T and in outward sideslip . 
If the machine i un table in yaw, the efl'ect of attaining 
equilibrium depend on the l'elati \'e magnitude of the 
tabili ty and the damping factor. 

Effect of variation of relative, density .u .-The 
smalle t value o[ .u u cd in the analy i , corl'espondinp' 
to a wing loading of 6 pound per square fooL and a 
pan of 31 feet , gave an indication of the necessity for 

very large value of outward ide lip [or rolling 
equilibrium at all angles of attack. Tncrea ing .u de
crea ed the amount of outward icleslip very markedly, 
particularly at the lower angles of attack. It there
fore appear that the airplane will spin with Ie out
ward ideslip when heavily loaded or at high altitudes 
t.han when lightly loaded or at low altitudes. 

Increasing .u gave a· general indication of clecrease 
in t h e possihility of attaining yawing-moment equilib
rium. The rate of change was generally mall, although 
a large change wa noted between .u = 2.5 and .u=5 .0 
when a wa 70°. 

The net eITect of increasing .u on the prohability of 
at taining spinning eq uilihriulll \\'ill depend on the ta tic 
tabili ty in yaw and upon the di tance of damping 

element from the centeI' of gravity, a Wit point,ed out 
in the diseu ion of the efl'ect of pitching-moment 
equilibrium. As will be een from equation (1 ), in
creasing .u decrea e nb/2r and hence that portion of 
the yawing-moment coefficient due to rotation that 
alway oppo e the rotation. If the airplane i 
tatically stable in yaw, iucrea ing.u ,,-ill tend to make 

ea ier the attainment of yawing-moment equilibrium hy 
decrea iug the moment opposing the spin hecau e 0[' 

the out\"al'd ide lip. The change in yalue of ('n ncccs
ary wi th in('l'ea e of .u will al 0 aITed the result. ] n 

ge neral, it i probab le that increasing .u \\'ill increa e 
lhe po ihilit~y of attaining , pinning equilihrium. 

Effect of changing OL. There \\'ere no changes 
\\'orthy of note \\-ith ('hangc in ('L' 

Effeet of changing pitching-moment inertia parameter 

b
2 

I . I . h'l 1 . k 2 k 2' - ncrea mg t 11 parallleter w 1 e \eeplllg 
Z - x 

k 2-k .2 
kZ 2 kl 2 con tant i. eClui\'alent to decr('a"in~ hoth .1 

Z - x 

and G with rcspect to WV , uch H change 1'(' ult" in 
the ne e ity for increa ed amount. of outward ide-
lip at all angle of attack. The efrect on yawing

moment coefficient required for halance wa light, 
although there wa a general tendency toward increa e 
of likelihood of attaining eft uilibriulll except at 60° 
anO'le of attack . 

b2 

The net effect of change'! in /rz2- k,/ upon thc po -

sihilit.v of attaining . pinning; equilihriulll i. "imilar to 
thaL of chang('~ in ('Ill sincc incre'l;in~ the pHnlllleler 
aL 0 increa e the value of Qb/2 II. 
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Effect of changing the rolling-moment and yawing-
.. k/ - k/ "l"l T kZ

2-kx
2 

moment mertla parameter kZ2-k./ ·- lY hen ki-k / 

1, B = A and the gyroscopic yawinO' moment is zero. 
(See equation (3).) Increa in g the parameter without 

h · b2
• • I d . B c angmg k 2 k 2 IS eq1..11Va ent to ecrea mg or to 

Z - x 
decreasing the m ass distribution along th e 10nO'i tudinal 
axis with respect to that along the lateral axis. uch 
a change r esulted in the r eq uir ement of liO'htly more 
outward side lip for equilibrium at low angle of attack 
and Ie s outward ide lip a ' high angle of attack. 
Increasing thi parameter al 0 r e ulted in an increa e 
in the probability of at taininO' yawing-moment equilib
rium at low anO'les of attack and a decrea e in the pos
sibility of attaining tha equilibrium at high a ngles of 
attack. This effect i largely du e to the change in the 
gyro co pic yawing-moment coefficien t . 

ince change in ~<-%< do no t a ffect 0.b /2V the 
Cz - x 

net effect upon the po ibility of attaining pinning 
equilibrium will dep nd upon th e effect on ideslip and 
the effect on 0" required for equilibrium. If t he air
plane is tatically stable in yaw, increa ing the ratio 
will produce co unteracting effects. If the ai rplane i 
tatically unstabl in yaw, the effects will be additive, 

making very mu ch more likely the attainm nt of 
equilibri1..un at low angle of attack and very much Ie s 
likely the attainment of equilibrium at high angle . 

Effect of 60 1 and 60" on the computed results.
The discussion of the effect upon the likelihood of 
securing pinning equilibrium h as 1 een confined to 
case fo r which the values for 0 1 and 0" obtained from 
model te t have b een ch anged by 60 1= 0.02 and 
60,,= 0.006, r e pectively. If the valu e of 0 1 obtained 
from model te ts had been II ed directly, 2.5 0 to 7.5 0 

more ou tward sideslip than hown in fi.gures 17 to 2 
\\'ould have been n eeded for quilibrium of rolling 
moment. 

As sideslip has but mall influence upon the aero
dynamic value of 0,,, the effe t of omittinO' 6 0 l upon 
Lhe valu e of 0" necessary for equ il ibrium would have 

kZ2_kl'z 
been small for the ca e with he parameter k 2-k z t. 

Z x 
Had thi ra tio h een other than 1, the effect would ba\'e 
been Lo give the curve of " required at low angle of 

attack the ame lope as those in the pre ent analysis 
at hiO'h angle of attack, and to how an even less po i
bility of obtaining equilibrium in high-anO'le-of-attack 
pins with in crea e of the ratio. 

Adding 60,,= 0.006 to the measured va lu e had no 
other effect than to add - 0.006 to the value of 0" 
req uired of the fuselage, empennaO'e, and interfer nce 
efl'ects for qu ilibrium of yawing moment. 

It i apparent that, if the forego ing co rrection rep 
re ent the true differences between model and fu ll-scale 
re ults, model can be expected to pin 'with about 50 
more ou tward side lip than t he full- cale airplane and 
to be not so likely to attain teady pinninO' equilibrium 
a t a given angle of attack if tatically table in yaw. 
The evidence is insufficien t, however, to ubstan tiaLe 
fully a co nclu ion to that efr ec . 

CO CLUSIO 

If i t be assumed that the corrections applied are of 
the right order of magnitude, the following conclu ion 
are indicated by the analy i presented for a conv n
tional monoplane with a rectangular Clark Y wing: 

l. Th valu e of the yawing-mom n t coefficienL re
quired from the fuselage, tail , and interference eft'ert 
for teady spinning equilibrium i small throllghou t t he 
a ngle-oI-attack range inve tigated. It appears thaL 
the pinning atti tude of such an airplane will depend 
vcry greatly upon detail of arrangement of the fuselage 
and tail. 

2. The maximum yawing-moment coefficien t that 
must be supplied by parts other than the wing to in
sur recovery from steady spinning equilibriu m is 
0 ,,=-0.02. 

3. Increa ing the static stability in yaw (making 
mol' neO'ative the slope of curve of yawing moment 
against sideslip) about body axes at spinnin an o-les of 
attack will decrease the possibility of attaining eq ui
librium of yawinO' moment at angle of attack greater 
than 40 0 and hence will tend to prevent fl at spin . 

I.lAN GLEY ~IEMORIAL AERON UTI CAL LABORATORY , 

] ATIO I AL ADVISORY OMMITTEE FOR AERONA TI C 

L ANGLEY FIELD, V A., November 21, 1934. 



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

APPENDIX 

EQUATIONS FOR USE IN COMPUTING STEADY 
SPINNING EQUILIBRIUM 

Derivation ,--If it be assu med that the cro s-wind 
force in It teady pin without ide lip is zero , the 
equations of balance of forces read , 

(4) 

(5) 

1 T' 2 O' 1 1 "'8 . I I ej,P If) , III o'= ZP - L , Ill 1/1 cos cp (6) 

where R is the radius of the pin, 
1/1' , the angle between the projection of the lift 

ycctor upon a horizontal plane and th spin 
radiu . 

cp' , the angle between the horizon trtl n nd the Ii ft 
vector. 

flnd 0' , the ungle between the fligh t pu th und the 
verti al. 

The foregoing equation of balance of forces are true 
regardless of ide lip if the cro s-wind force i Stich that 

Oc= -OR in cos- I (cos2 0' + in 2 a co (3) 

in (,OS- I (co 2 0' + in 2 a COS (3) = in {3 in a (approx. ) 

It can be hown th~lt cp is the tan - I (tan 0' in ljI' ) . 

Both 0' and ljI' are generally small unci cp mu t neces
al'ily be quite mall so tha t in cp may be con idered 0 

and cos cp taken equal to l. 
Also , since 

and 

. QR 
m O' = "'F 

'\ F 2_ QR2 
co 0' = r 

~P 1'280 L co v;' = mQ2R 

O QR 0 . , 
D1" = L m ljI 

(7) 

( ) 

(9) 

(10) 

(11 ) 

From the nece ity for balance of the gyro copic and 
aerodynamic pi tching momen ts, 

~P P SbOm= (A - C)]-f 

=(A - C)Q2 co O' sin O'cos2 (O' + {3)(approx.) (L:) 

The angle (0+ (3) i approximately the a,ngle of the Y 
axis to the horizon tal iLnd i generally leR than 10° 
and seldom greater than 20°. 

A uming that an average value of (:r + {3) i 11 0, 

cos2 (0' + (3) = O.96 u,nd (12 ) may be rewritten a 

(13 ) 

Eliminating in ljI' and co ljI' from equation (9) and 
(11 ) !Lnd sub tituting from equation (13) , 

R = - O.96 (A - C ) -in a cos a CL (14 ) 

~1n2b2C,'/- OD2~p8bOmX O.96 (A- 0 ) sin aCOsa 

Experience with actual value ha shown that the 
second term under th e mdical ign is negligible com
pared with th e fir t and therefore equation (14) may be 
rewritten , 

R - - O.96 (A - O) in 20'CL 

- mbO", (15) 

Alo 

~P P bC, = Q2 in a in (0' + (3) cos (0' + (3) (0 - B) (16) 

(nearly) 

and 

~PP bCn= Q2 co a in (O' + {3) cos (O' + {3 )(B - A ) (17 ) 

(neady) 

01' for an ayemge Ctl e, 

~P 1'2 bC,= 0.9 \12 sin a sin (0' + (3) (C-B) (1 ) 

~pr 2 b n= 0.9 Q 2 ('0 a in (O' +{3) (B - A ) (19) 

If it be further a um ed that 

-in (0' + (3) = in 0' + in (3 

it follow that, 

C =(C-B) L /0...1 ptanO'Om+ (O- B) Om in{3 (20) 
, m -y b(A - C ) (A - C ) co a 

Letting p. = p~ b the equation finally re ulting are , 

rIb _~ - m b2 

i)'- . X? 2 - T .'3.84 p. sm 20' kz"- kx 
(21 ) 

19 
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(22) 

and 

(23) 

Discussion .- The foregoing equations were deveL 
oped from a tudy of the geometry of the spin along 
the line suggested in reference 11. They differ from 
the equations in regular u e by Briti h inve tigator 
(reference 1) in the following particular. 

Tn the fOTegoing deriYation, cross-wind force is as
sumed to vary in a specific manner with sideslip rather 
than to be zero. 'The angle f' i eliminated by trig
onometrical substitution rather than by treating co f 
as equal to l. The e differences make no essential 
difi'erence in the results. 

British im'e tigators haye found it necessary to ob_ 
tain the total rolling-moment coefficient when the wing 
i rolling and ide lipping by adding to the rolling
moment coefficient when rolling without sideslip a 
yalue of rolling-moment coefficient obtained with the 
wing sideslippinO' but not rollinO' . Their equation for 
determination of the anO'le of ideslip for equilibrium 
(reference 1) i based on thi a sumption. With the 

. A. C. A. pinning balance the rolling-moment co
efficient can be obtained with the wing rolling and 
side lipping. The foregoing equations were developed 
to permit of a graphical solu tion for angle of ideslip 
using the pinning-balance data. 

The foregoing equation retain small correction 
factors that ari e from consideration of the cosines 
of angle that may vary from 0° to 20° a having an 
average value of 0.9 . 
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Positive directions of axes and angles (forcca gnd moments) are shown by arrows 

Axis 

Force I 
:'Iorncnt about axis Alilde ,-elocities 

, 
(parallel Linear 

S"m- to axis Srm- Posith'e De~igna- SHU- (compo-Designation hul symboi I Designation bol direction 

I 
tion i>nl nent along Angular 

axis) 

LongitudillaL __ X 

I 
X Rolling _____ L Y-->Z RoIL ____ ¢ !l P 

LateraL _______ Y Y P}tcl~ing-- __ M Z-->X Pitch----l 0 v q 
~ormaL _______ Z Z 1 av ·lllg _____ II' X-->Y yaw _____ 

~ w r I 
Absolute coefficients of moment 

0='£ 0 = 111 N 
G,,= qbS 

Angle of set of control surface (relative to neutr!\ 
position), o. (Indicate surface by proper subscript.) 

I qbS m qcS 
(rolling) (pitching) (yawing) 

4. PROPELLER SYMBOLS 

D, 
p, 
p/D, 
V', 
V., 

T, 

Q, 

Diameter 
Geometric pitch 
Pitch ratio 
Inflow velocity 
Slipstream velocity 

Thrust, absolute coefficient GT = ID4 pn 

Torque, absolute coefficient GQ = pn9D5 

P, 

G., 

7), 

n, 

Power, absolute coefficient Gp = p!::D5 

5/ 175 
Speed-power coefficient = -V ~n2 
Efficiency 
Re,olutions per second, r.p.s. 

Effective hell.'\: angle = tan-1 (2;n) 

5. NUMERICAL RELATIOKS 

1 hp . = 76.04 kg-m/s = 550 ft-Ib./sec. 
1 metric horsepower = 1.0132 hp. 
1 m.p.h. = 0.4470 m.p.s. 
1 m.p.s.=2 .2369 m.p.h. 

1 lb . = 0.4536 kg. 
1 kg = 2.2046 lb . . 
1 mi. = 1,609.35 m = 5,280 ft. 
1 m=3.2808 ft. 


