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AERONAUTIC SYMBOLS

1. FUNDAMENTAL AND DERIVED UNITS

|
Metric | English |
{
Symbol } % P '
Bl Abbrevia- | TTons Abbrevia-
Uit Leriibiont &) e tion l
|
AR r,,,_, 3 o S R |
Length_ _ _ AT oy e ) AL e | m | foot (or mile)_ __ 35 ft. (or mi.) ]
Times . 2 s t gecondz= So0 { s { second (or hour)_____ sec. (or hr.)
Borce. ... 4% F weight of 1 kllogmm | kg weight of 1 pound_____| Ib. |
\
| |
i |
Power’l .- = i horsepower (metric)___ __ ; ___Z2._| horsepower._ . _ S Al hpy |
, kilometers per hour______ e slepih: miles per hour____ m.p.h.
Speed_--____ 7 s 1 | Tkl ;
‘ \ meters per second. _ _____ “ m.p.s. feet per second.__ 5] f.ps. ‘
gt ‘ v AR

2. GENERAL SYMBOLS

Weight=mg

Standard acceleration of gravity=9.80665
m/s? or 32.1740 ft./sec.?
W
Mass=
g

Moment of inertin—=mk?*. (Indicate axis of
~radius of gyration & by proper subscript.)
Coeflicient of viscosity

v,

P

Standa
1953

Specific weig hL of
0.07

3. AERODYNAMIC SY

Area
Area of wing
Gap
Span

Chord
Aspect ratio
True air speed

: A2
Dynamic pressure= Q-pr %

: Sk, el
Lift, absolute coeflicient =%

gS
D
Drag, absolute coefficient Cp,=
qS
D,
Profile drag, absolute coefficient Cp,= (f\
Tnd fo o Xi . / ]/’i
Induced drag, absolute coefficient CDI.:(';\,
T
ke : e B 4 B
Parasite drag, absolute coefficient () = P
A

y : o c
Cross-wind force, absolute coefficient UC::TS'

Resultant force

Lw)

(7

”
Q,
Qg

Ay

(o7 %)

Kinematic viscosity

Density (mass per umt volume)

rd density of dry air, 0.12497 k(f- m™-s* at
C. and 760 mm; or 0.002378 1b.-ft.~* sec.?
“standard”’ air, 1.2255 kg/m?® or
651 1b./cu. ft.

MBOLS

Angle of setting
line)

Angle of stabilizer setting (relative to thrust
‘in"\»
| O

of wings (relative to thrust

moment
esult nf :‘.nsrulnr velocity

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

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

Angle of attack

Angle oi 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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SPINNING CHARACTERISTICS OF THE XN2Y-1 AIRPLANE OBTAINED FROM THE
SPINNING BALANCE AND COMPARED WITH RESULTS FROM THE
SPINNING TUNNEL AND FROM FLIGHT TESTS

By M. J. Bamser and R. O. House

SUMMARY

A 1/10-scale model of the XN2Y—1 airplane was tested
in the N. A. C. A. 5-foot vertical wind tunnel and the six
components of the forces and moments were measured.
The model was tested in 17 attitudes 1n which the full-
scale airplane had been observed to spin, in order to deter-
mine the effects of scale, tunnel, and interference. In
addition, a series of tests was made to cover the range of
angles of attack, angles of sideslip, rates of rotation, and
control settings likely to be encountered by a spinning

airplane. The data were used to estimate the probable

attitudes in steady spins of an airplane in flight and of

a model in the free-spinning tunnel.

The estumated attitudes of steady spin were compared
with attitudes measured in flight and in the spinming tun-
nel. The results indicate that corrections for certain scale
and tunnel effects are mnecessary to estimate full-scale
spinning attitudes from model resulls.

INTRODUCTION

General methods for the theoretical analysis of air-
plane spinning characteristics have been available for
some time. 'These methods might be used by designers
to predict the spinning characteristics of proposed air-
plane designs if the necessary aerodynamic data were
known.

In order to provide these data, the N. A. C. A. is
conducting investigations to determine the aerodynamic
forces and moments on airplane models and on the
various parts of airplane models in spinning attitudes.
This report gives a comparison of the results obtained
for a model on the spinning balance with those for the
airplane in full-scale spins and for a model in the free-
spinning tunnel. The XN2Y-1 is the first airplane to
be tested for comparative purposes in these three ways.
The flight tests are reported in references 1 and 2, the
results from the free-spinning tunnel in reference 3,
and those from the spinning balance are given in this
Flight and spinning-balance results have been
(See references 4

report.
compared for two other airplanes.
and 5.)

The present report gives the aerodynamic forces and
moments acting on the XN2Y-1 airplane model for the
range of probable spinning attitudes with various rud-
der, elevator, and aileron deflections and in 17 specific

attitudes in which the full-scale airplane had been
observed to spin. These forces and moments are also
given for parts of the model for the 17 flicht attitudes.
An analysis of the data and a discussion of the results
of the analysis with respect to flight results and to
model tests in the free-spinning tunnel are included.
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N
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Ficure 1.—Line diagram of spinning-balance force system.

APPARATUS AND MODELS

The tests were made in the N. A. C. A. 5-foot vertical
open-jet wind tunnel described in reference 6.

The 6-component balance, as deseribed in reference 4,
was altered to give more accurate results and to allow
for more rapid testing. The balance force system, as
modified to give more accurate readings, is shown in
figure 1. A sleeve to which the model is attached was
installed over the upper end of the vertical spindle, is
fastened to the spindle by a ball-bearing gimbal joint

1



2 REPORT NO. 607—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

at the upper end, and is held in position by linkages to
two measuring units at its lower end. This arrange-
ment allows the rolling and pitching moments (earth
axes) to be measured directly instead of being the small
algebraic sum of two and three relatively large measure-
ments. Consequently, much greater accuracy may be
obtained with the same variations in balance readings
so that fewer repeat tests are necessary.

This alteration and the direct-indicating force-meas-
uring system that was installed have reduced the time
required to obtain data. The force-measuring system
consists of an oil pump and six mercury manometers
outside the tunnel, seven slip joints on the lower end of
the turntable shaft, and six measuring units on the
balance head. Kach measuring unit consists of a grooved
piston and ecylinder and is shown by the small sketch
in figure 1.

The principle of operation is that the force (see F in
fie. 1) applied to the piston is balanced by oil pressure
in the cylinder. The grooves in the cylinder and in
the piston act as balanced valves, allowing oil to flow
into or out of the cylinder, depending on the location
of the piston in the eylinder. The oil pressure acting
on the piston in the closed end of the cylinder is trans-
mitted through a slip joint and is indicated by the
mercury manometer.

One oil-pressure line {rom the pump and one overflow
line connect to all six measuring units. Kach unit is
connected through a slip joint to a mercury manom-
eter; each manometer is provided with a shut-off
valve; and all the valves are operated at the same time
so that all the readings are made simultaneously.

The model, a 1/10-scale reproduction of the XN2Y-1
airplane, was made from dimensions obtained from the
airplane as used for tests in reference 2. FKigure 2
shows it mounted on the balance in the tunnel. The
model differed from the airplane principally in that
it had no propeller, the struts were round rods, and the
fuselage and the trailing-edge center section of the upper
wing were cut away for attachment to the balance.
The model also differed from the airplane, as tested in
reference 1,1in that the airplane had the fin offset and
the fabric sagged between the ribs. The wings,
fuselage, wheels, and stabilizer of the model were of
mahogany, the struts of 3/32-inch brass rod, and the
fin, rudder, and elevator of duralumin. The wings
and the fuselage mounted separately are shown in figures
3 and 4. A small streamline fuselage section was used
to attach the wings to the balance. The tolerances
allowed for the construction were: Wing profile, -0.003
inch; fuselage cross section, 4 0.005 inch; tail surfaces,
+0.003 inch; other dimensions generally, 4-0.01 inch;
and angular relationships, +0.1°.

TESTS

Tests were made at 40°, 50°, 60°, and 70° angle of
attack. At each angle of attack tests were made at
—10°, 0°, 5°, and 15° angle of sideslip. At each angle of
attack at each angle of sideslip, tests were made with
values of 26/2V of 0.35, 0.50, 0.75, and 1.00. For each
attitude tests were made with the elevator up, rudder
with spin; elevator neutral, rudder neutral; and elevator
down, rudder against the spin. For each attitude with
elevator up, rudder with the spin, except zero sideslip,
tests were made with ailerons with and against the
spin. Tests were made with elevator up, ailerons
neutral, and rudder positions of 40°, 25°, 17°, 8°, and
0° with the spin at a=60°, 26/2V=0.75, 3=0° and 15°;
and at «=50°, 26/2V=0.50, and §=5° and —10°.

The control-surface angles for the various settings
were:

Elevator up elevators 23°
Elevator down o elevators 25°
Rudder with
Judder against _
Aileron with

41" up.
down.

rudder 40° to aid the rotation.

rudder 40° to oppose the rotation.

ailerons displaced to increase the
rolling.

Aileron against ailerons displaced to oppose the
rolling.

Aileron deflections were 25° up and 15° down, both

ailerons being deflected in each case.

The radius of the spin for each attitude was com-
puted from an equilibrium of centrifugal and aerody-
namic forces. The normal weight of the airplane was
used and the aerodynamic forces were obtained from
the data in reference 7. The resultant force on the
airplane was assumed to be perpendicular to the XY
plane.

Tests were also made in 17 specific attitudes obtained
from measurements of full-scale spins. Table T gives
the attitudes and control positions.

TasLE I.—AIRPLANE ATTITUDES AS TESTED ON THE
SPINNING BALANCE
[Tests 44L through 109L from reference 1. Tests 29F through 36 from reference 2

All values have been given proper signs for right spins.  Right and left spins given
in references 1 and 2. In a right spin inward sideslip is positive.]

Flight @ Qb r e da Radius
test (deg.) (deg.) oV (deg.) | (deg.) (min.) (deg.) (ft.)
141, 53. 1 —0.8 0. 55 10 30 0 2. 60
52L 50. 1 1.0 10 30 0 3.70
7L 70.7 9.0 —40 30 0 1.30
841 69. 1 7.4 10 30 0 .60
107 L 57.0 10.8 10 30 With 1.70
1091 65. 5 9.8 —40 30 Against .94
20F 60.7 13.7 10 50 0 1. 60
20G 60, 4 13.0 10 50 0 1. 60
20 50. 6 4.3 —40 35 0 2.00
30 52. 4 1.0 10 35 0 2.30
33 10. 2 1.4 0 50 0 2.70
31 18. 6 —-1.9 =17 50 Q 3.50
32C 17.0 .9 ! 50 0 3.90
348 14,4 { —4 50 0 {. 00
27B 13. 0 3.9 —8 50 0 1. 70
35 57.4 9.7 18 50 0 2.20
36 50.9 6 —40 35 0 2.30
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FIGURE 2—The XN2Y-1 airplane model mounted on the spinning balance.

FIGURE 3.—Wings of the XN2Y-1 airplane model mounted on the spinning balance FIGURE 4.—The XN2Y-1 airplane model, with wings removed, mounted
on the spinning balance.
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The model was not changed for the test corresponding
to those given in reference 1, in which the airplane had
the fin offset and the original wing profile on which the
fabric sagged between the ribs. For each test the
controls were set the same as for the flicht spins. In
sach attitude tests were made with the model complete,
with the fin and rudder removed, with the wings
removed, and with the wings alone. (See figs. 3 and 4.)

[n order to insure consistency of results, repeat tests
were made for each condition until individual balance
readings were found to agree within a specified limit or
until a sufficient number of readings had been made to
form a fair average. In each case an average of the
results obtained was used to obtain the coefficients.
The air speeds for the tests varied between 43 and 75
feet per second and covered a range of test Reynolds
Numbers from about 100,000 to 175,000. Early tests
on the spinning balance indicated no scale effects over
this speed range (reference 4). The lower air speeds
were used with the larger values of Q6/2V because of the
necessarily high rate of rotation.

SYMBOLS
a, angle of attack at center of gravity.
: v : ; : :
B=sin"" 7 angle of sideslip at the center of gravity.

V, resultant linear velocity of the center of gravity.

v, linear velocity along the Y airplane axis, positive
when the airplane is sideslipping to the right.

Q, resultant angular velocity (radians per second).

b,, aileron deflection.

8,, elevator deflection.

5., rudder deflection.

o, angle between the vertical and the helix described by
the center of gravity of the airplane.

b, span of wing.

S, area of wing.

q=1/2 pV* dynamic pressure.

p, air density.

X, longitudinal force acting along the X airplane axis,
positive forward.

Y, lateral force acting along the Y airplane axis, positive
to the right.

Z, normal force acting along the Z airplane axis, positive
downward.

L, rolling moment acting about the X airplane axis,
positive when it tends to lower the right wing.

M, pitching moment acting about the Y airplane axis,
positive when it tends to increase the angle of
attack.

N, yawing moment acting about the Z airplane axis,
positive when it tends to turn the airplane to the
right.

Forces and moments with double primes (e. g., X”/)
are in the earth system of axes where Z’/ is positive
downward and X"’ is along the radius of the spin,
positive toward the center of the spin.

Coefficients of forces are obtained by dividing the
force by ¢S.
Coefficients of moments are obtained by dividing the
moment by ¢bS.
m - : S ; .
=7 relative density of airplane to air. Under
standard conditions, u=13.1 W/Sh.
m=W/g, mass.
kx, ky, k7, radii of gyration of the airplane about the
X, Y, and Z airplane axes, respectively.
b* Wb*
"/.2'*7/!'_\'.') (/(('~;l

k*—ky* C—B : .
k’i_, 5 L e rolling-moment and yawing-moment
Zi= % s

% pitching-moment inertia parameter.

mertia parameter.
A=mkyx?, moment of inertia about the X airplane axis.
B=mky*, moment of inertia about the Y airplane axis.
C=ml;*, moment of inertia about the Z airplane axis.

RESULTS
Results of the measurements have been reduced to
the following coefficient forms, which are standard ex-
cept that of the pitching moment, for which the
coefficient is based on the span of the wing:

T ik S
Cx ¢S G ¢S Oz= qS
, L M N
" gbS " ghS Cn gbS

Pitching-moment coefficients can be referred to the
chord of the wing by multiplying the values given by
7.47. All values of the coefficients are given with
proper signs for right-hand spins. The values of the
coefficients for the series of tests are given in figures 5
to 9. Variations of O}, C,, and O, with g8, 26/2V, and
control settings for some characteristic cases are shown
in figures 10 to 22.

The differences between the coeflicients of flight and
model results (flight minus model) are given in figures
23 to 26. The values of €, for parts of the airplane
(reference 2) and of the model are given in figure 27.
The values of /Cx?+0Cy2 (or Cx») C;, Cn, and O,
for the airplane and for the model, and the values
obtained by adding the coefficients of the wings tested
separately to those of the model with the wings re-
moved, are given in figures 28 to 31.

The data given are believed to be correct for the
model under the conditions of the tests within the
following limits:

Cy +£0.02 O, +0.002

¢, +0.001 C,, +0.001
No corrections have been made for tunnel-wall, block-
ing, or scale effects. The interference caused by the
balance parts would appear to be large, especially at
40° angle of attack where the tail surfaces were very
near the balance, as is shown by figure 2. Inter-
ference effects, however, are not obvious in the results
given in figures 23 to 31.




—

I —
o 5 | @ pEN
&olﬁﬁ = B =
gl N :
HE e y
o o o .
m\,ﬁal P ,dr X
o ] v I =
<) v { ; - ~ | ~xX
g SRS 83 ;
Z Lo el A/ B ,w\ oS X
< 5 s T i S
2 [ e 8% = 5
E [STIE R &
SENE e e S $
q SIS/ ook \rOrOL‘ (¥< 8 -
& T T T °% Y
(] (B B ) | o <t | \
>~ i g A 7
™ HiP T.‘,T\L\dxl,. | L
. R |
% v ﬂdgzzul N
s 6 O |
= 'S ay Q QN Q Q A%
= 27D+ yus1o144800 39404 - yuDyNSBY o YLIBIDIOOD BDI0)~JLIDYNSBY
S
n
O
=
= T S e S S T
= L. 4 !
O [SX ,,
— 10 ©
M w, |© | ©
= S I
lan) = X X+
5 [ $a o |9 &
B S =2 0@
P ﬂlw 1B % B
= [SF < E
“ T‘Ay —+'0 o L FD/rK..
< & 0 o KN
= S b3 £
o S S
wn e N ISV S [ o\
S e 95
| ) v
<R 5 Y
el 2 19 € 19 m,
—tf—~ s 55
/
TJN_ : IS
| | /7 ,4 M
) ,
u“/\ T t QS Q
, fis |y , A
A . N, PO e S Q o X
== & < ~ =X ~ g

Yoy ~ i
229+ XgN 4uBI01420D 20104 JLIDJINSBY

+Cy’’?, horizontal plane (earth axes), with angle of attack.

FiGure 5—Variation of resultant-force coefficient +/ Cx’"?




6

REPORT NO. 607—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

=8

, |
ﬂaﬁ;:%ﬁ&%~LJ |

|
N
(s}

4
o

|
®

|
~
n

= = \}\ =
T merieT -
—
-t %-——-25°down, 40°against spin, Of T—
\
fann HEE s ]
.p_—j--_:_ﬂ___ﬁi\-i_r_": )
I asasESREAREEY
._,____% == ‘*1:\\“ ftzélr.—::—;:——g
T

|
>
A

Normal-force coefficrent, Cy

~
)

I
~
N

_/_4 =

=/6—

5

- 16

40 44 48 52 56 60 64 68 72
Angle of atfack,d ,deg.

A=l e e T LA Ta
—to— —23°4/'up, 40" //hsp/n O i
agnil s e ) e
*x—==-25°down, 40 aga/nsf spin, O° al

/I8

-20+H——

| | | |
>~ S 3 ~.
N [$) A

Normal-force coefficiern’, Cs
N
N

O NG sEl VG0N 67 68 72

Angle of attack,& ,deg.

T el TTETTTTT Ja

= SR 23°4/'up, 40°with spin, —T0°
E=——— L e e I

~ L6 [ ——— 25°down, 40°against spin, 0°

|
o=~
)

|
=
Oy

Normal- force coefficrent, Cy

Angle of attfack,dl ,deg.

I TTa TTTTT @

RO 23°4/ up, 40°with spin, I 0“
_gle——021 1ol 1],

¥ X===—25°down, 40 ga/nsfs,o//v 0"

NN | |

]

d
@

|
=~
Ny
o
I

Normal-force coefficient, C,
|
EN

|
S
[0}

T

|

1

|
=~
"Ny

]

Il

|

|

I
N

(d) B-/5° | =3

—relpa L Lo

40 44 48 52 5 60 64 68
Angle of attack, & ,deg.

FiGURE 6.—Variation of normal-force coefficient Cz (body axes) with angle of attack.

S —
40 44 48 52 56 60 64 68

STTLTLLL




SPINNING CHARACTERISTICS OF THE XN2Y-1 ATRPLANE 7

T T T T2 T T -Wrgwgffwszﬁﬁ‘

.08~a—~ 23°4/'up,40°with sp/n with spin —1 o £ L /
><————25"d/]7 40 aqnsT g . O 23 4/‘up 40 W/f/ll‘l 5(3/780
0%, 1§ oz e Yo L S 0 R e
04\ 0——23°41'up,40°with spir1, 4 r’/ - {i 25 dqnin 4 agja/:s . 08
60°|iisp/n.{/ - == Tl[!@
F——--23°4/'up,40°with \ 1
0 6, agnst spin_47 | / | o
A L ap2v=10 f’
i . -.04—
-.04—— —1 = B
dEmILE ‘/ .08 E——-‘ - 08— = Oﬁki‘l
& 1 - ) s :
.,E =08—t——1 17 7 //// 3‘ ~7¢k~%\
] T ' §-r2 1]
DL AN RN ZdBZAT R
S o L( | T iz 8
3 i v , Ry
3 %J--ﬁﬁ’é_»/ B i
S 09— T Tiz—f-#—*%‘ B § ~o04 .
ST AT b : 4]
o _,/" g L=1=.50 O
S =08 _T*_J_ = > e S ~08
e r ~
o @ = ot o8
< L 4T S
. ez ] f& il
=0l = = 1 -.04 -
o L‘“O_‘Le%///’/,%}‘l o
e [t /( o=,
- 08T 11—+ == - = =] -.08 = el
‘ e =1 ’_AV
0 - 0
2  CEEER o
LT e ﬁf?’aﬁ .} ~04
i A0S IR PR NE6 T V60 64 168 72 . 00 24l HaR RE2EN5 65 R E (NN 6 b8
Angle of atfack, d ,deg. Angle ofattack & ,deg.
(T & T 1Z 1T & T} T S e
OB -—A—=2334/! up, 40°with spin, WI/hS,D/ﬂ A—— D321 up, 40°with 5,0//7 with Spir - =1
><""25°dn A0agnst, « ,0° 42 | A | | x----25°dn., 40%agnst, » , 0° | |
il g 4 1 07 -08-g——q°, | | 0%} 1:0")‘/’
_04—0_‘——23"4/ up,40°with spin, > ~—-[—71L~ | o— —23°41'up, 40°with spin, b Al
oiros 1 . spin, 6‘-00[\"5,/7
b ——-23°41'Lp 40°With, 04| +~—~-23°4/'up,40°with S
0 G: g1S7 Spiny 6, agnst'spin 7| i /%l
| |

-.04

&5
S
©

i
-
QN

]
()
N

4
o
o)

Ro lling-moment coefficient, C,
Rollirng-moment coefficient, C,

Q

[

N\
I

Q

i
b
=g =

eui{

=2 = SRR el —

((c e — gt - :
gl VL] . = !
o A= 52 56 60 64 68 72 0 44 46 v%2 56 60 64 63 7

fottock & , d
Angle of attack, & ,deg. dirgie idlee i

FIGURE 7.—Variation of rolling-moment coefficient Ci (body axes) with angle of attack.

2061—37——2




FOR AERONAUTICS

ADVISORY COMMITTEE

607—NATIONAL

REPORT NO.

S [ (O \“ oS-
Ly L, | Lo
e Lq!
o~ ,\.\
L J,M L
> IS
-1 {8
2 S
L g 2>
N ¥
L <
3 :
LY S
& )
R o

.

. o 2l
© N 0 X

\ NS
8 3 g Q ~ S!
(i (i Diaue e I | L
¥ w1211 200 JudWwow
- : .m,
I & F8
L Lo
s ciie 3|
SSANIN 3
e = 1 !
Q
FiCe | IS |
- RIS
I ol B £
= 2
e el
OO0 Q
¥ — IR
qg T
a3 3]
I¥ / ¥
Q mJ) 1+ .MJ.
PR Al Lagd
[ [ 1 il
| /
] 0 | _ |
Ot <
=] - S
g w 0 N)
I

) 4UBID} 0D Jusow-bunyolly

>

68 .7

—

SRS

==

64

- L =X

|
60

i O

56

52
Angle of affack, o ,deg.

48

44

40

1

52,56 60 64
Angle of attack, d_, deg.

1

—l0°
44 48

) 8

1

[(a
40

4 o I |

3 Q

ww‘ N (il m se)

o S ! Q @
=) Q. Vil ) J
9.C v | N
9 £ Ryl S5 2 th

S w,\ IR . 1 2 sy e

Q S 1 IS pOd
) o B B, S .

m/ M\.l L S ;,w/\ o v

= 3 I ) £ 99
2 =9 S AR o LR 2 s

'R 3 ' [s =
[O%— el =4l s

Q T ooa 0

q S| i IPNAAN K

> O \ I B0 © P
S TS 84

3 1 SNy
Sl S VRS LY g

| s .0533
Hi B Y
L 0 o B R S U 8 8 W B 0 S
S (T S U] [0 i e e | AR e P e, I [ |
© N © Q @ WY @ Y jse) N ©
o ~ ~ (V] Q NS ST Q ~ ~
i | - j B i i

W) $UBIDLY D02 SO W -bLit)DY

e M ! A 5 4 6
[©'Q ﬁrdaol T T H—
= ) v M Tee T T4 18
N U (N (23 ! %)
: E < I
== SO Q .Oa,n N =
=D { 1= il LS wfﬁ\, | S
B B BT AR ; 38 12
{W / | ﬂ.Oe.O N -t 4 /%
Io\_ Wi DL % | .S | WEEL ST
drO T Y Q3 o
(KON J = Ll e A
A, £, [ 1o
— — — —K » ——H4 .
2 AR SR [3]9
N , N s e ey e R L Q
N/ R S| \ ]
25 00 VI 7 70 e f 1 (= s 44\‘.w9\. =il (RN}
™ Ht— Qo R — Y
33 \ i s
5 S
by B e —
AR \,_\\J oy
e hzz i [a7%
= — . —@Q
r ,T ‘w Wl i ()
{ [LEga s 2%
| SR (i) e
3 oo =
i ot iR > i

M0 JuI2144200 JuSUOW -bLIyo)ld

Fi1GURE 8.—Variation of pitching-moment coefficient C,, (body axes) with angle of attack.
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Ficgure 10.—Variation of rolling-moment coefficient
C; (body axes) with angle of sideslip. 8.=0°
-=23°41" up; 5,=40° with spin.

(=)
O
|

Q

Q

Rolling-moment coefficient, C,
A ol y
QS Q
29 N
ol e
\ |

H

~
Q

] 1 b =L
SO w50 10 80 - 40

FI1GURE 13.—Variation of rolling-moment coefficient
C1 (body axes) with Qb/2V. §,=0°; 6,=23°41' up;
4,=40° with spin.
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F1GUrE 16.—Variation of rolling- mumem (oeﬂl( sient
C; (body axes) with tail setting. B=5° §.=0°.
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FIGURE 19.—Variation of rolling-moment coefficient

Ch (hud\ axes) with aileron setting, B=5°;

6.=23°41" up; 6,=40° with spin.
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F1GURE 11.—Variation of pitching-moment coeflicient
Cn (body axes) with angle of sideslip. 8.=0°
3,=23°41' up; 6,=40° with spin.
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F1GURE 14.—Variation of pitching-moment coefficient
Cwm (body axes) with Qb/2V. §,=0°; §,=23°41" up;
6,=40° with spin.
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F1GURE 17.—Variation of pitching-moment coefficient
Cw (body axes) with tail setting. g=5°; §,=0°.
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FI1GURE 20.—Variation of pitching-moment co(ﬂmom
Cun (body axes) with uleron setting. B=5°
5.=23°41" up; 6,=40° with spin.
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F1GURE 12.—Variation of yawing-moment coefficient
C» (body axes) with angle of sideslip. 8,=0%
5.=23°41" up; 6,=40° with spin.
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FIGURE 15.—Variation of yawing-moment coeflicient
Cn (body axes) with @b/2V. §,=0°; §,=23°41" up;
§,=40° with spin.
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FIGURE 18.—Variation of yawing-moment coeflicient
Oy (body axes) with tail setting. B8=>5%; 6.=0°.
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Cn (body axes) with aileron setting. B8=5°
6,=23°41" up; 6.=40° with spin.




Difference in horizontal-force

SPINNING CHARACTERISTICS OF THE XN2Y-1 AIRPLANE 11

DISCUSSION OF DATA

General series of tests.—The values of /Cx.*+Cy*
(fig. 5) are given because they were used in the analysis.
The values of 'y and Cy are not given because they are
small and are probably of no importance for any
analysis of the data.

v
n

Yowing-moment coefficient, €

Angle of sideslip,3 ,deg.

FIGURE 22.—Variation of yawing-moment coeflicient C, (body axes) with rudder
setting. 8.,=0°; §.=23°¢1" up.

Comparison of coefficients from model and flight
results.— The difference in the coefficients in the hori-
zontal plane (fig. 23) is irregular but shows a general
tendency to be slightly negative (model results smaller
than flight).
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FIGURE 23.— Variation of difference in horizontal-force coeflicients of airplane and
model ACx+ (earth axes) with angle of attack.
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FI1GURE 24.—Variation of difference in rolling-moment coeflicients of airplane and
model AC; (hody axes) with ©b/21",

The difference in the rolling-moment coeflicients

AC, shows no general tendency to vary with « or 8 but

shows a slight tendency to decrease as Q6/2V is in-

| creased (fig. 24). The average value is 0.02, the same
| as that found for the NY-1 and F4B-2 airplanes
(references 4 and 5). The individual values of AC, for
the NY—1 and F4B-2 airplanes are given in figure 24.
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FIGURE 25.— Variation of difference in pitching-moment coeflicients of airplane and
model AC,, (body axes) with angle of attack.
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FicUre 26.—Variation of difference in yawing-moment coefficients of airplane and
model AC, (body axes) with angle of sideslip.

The difference in pitching-moment coeflicients AC),
shows no general variation with g or ©6/2V but shows a
slight tendency to decrease as « is increased (fig. 25).
The average value of the difference is 0.02. The values
of AC,, from the results obtained with the F4B-2 and
the NY-1 airplanes are not sufficiently accurate for
comparison.

The difference in yawing-moment coefficients AC,
shows no consistent variation with « or 26/2V but in-
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FIGURE 27.—Variation of yawing-moment coeflicient C» of parts of the airplane and
parts of the model with angle of attack. (Full-scale results from reference 2.)

| creases as B is increased (fig. 26). The difference is
about 0.005 at slightly negative values of B, increasing
to 0.02 at 13° sideslip. The values for the NY-1 and
F4B-2 airplanes are included for comparison.
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The values of €, for the fin and rudder were obtained
from the difference in the results obtained from the
tests of the complete model and of the model with the
fin and the rudder removed. The difference between
flight results (reference 2) and model results changes
from zero at 40° angle of attack to 0.003 at 60° (fig. 27).
The values of C, for the model wings with the struts
and the attachment to the balance are about zero,
while those for the airplane wings are about 0.013.
Undoubtedly this difference is largely due to scale

effects, which may normally be expected. The values |

of C, for the model fuselage were obtained from the
results of tests with the wings removed from the model

Ang/e ofm‘/oc/r, o ,deg.
FiGure 28.—Variation of horizontal-force coefficient Cx,, (earth axes) of airplane and
of resultant-force coeflicient +/ Cy,, 2+ Cy,,2 (earth axes) of the model with angle of

attack.
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F1GURE 29.—Variation of rolling-moment coefficient C'; (hody axes) of airplane and
model with angle of attack.

minus the values obtained for the fin and rudder and

are about the same as those obtained in flight at 40°
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and 55° angle of attack. Below 58° the values for the |

model are more positive and, above 58°, they are more
negative than those obtained in flight.

The yawing moments for parts of the airplane were
obtained in flight from pressure-distribution measure-
ments on the important fuselage and tail-surface areas
the measurements included the interference of all parts
of the airplane. The spinning-balance results were
measured without the interference of some parts. This
difference in method of measurement should give some
difference other than that due to scale effects in the re-

sults and was intended to determine the scale and inter-
ference effects so that data for individual parts of models
might be combined to give the characteristics of the com-
plete model or airplane. The results of this part of the
investigation are not sufficiently complete to draw defi-
nite conclusions because only one airplane is represented.
1t does, however, give some indication of the magnitude
of the scale and interference effects that may be ex-
pected.

The interference effects caused by testing the wings
alone and the model with wings removed for all the
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"IGURE 30.—Variation of pitching-moment coefficient Cm (body axes) of airplane
and model with angle of attack.
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FigUurg 31.—Variation of yawing-moment coefficient C, (body axes) of airplane and
model with angle of attack.

coefficients, together with the values obtained for
the airplane, are given in figures 28 to 31. At the

| higher angles of attack the values of /Cy.*+ .2 for

the complete model show a tendency to be greater than
for the sum of the parts (fig. 28). The values of C, for
the complete model are generally more positive, by
about 0.005, than the sum of the parts (fig. 29). The
interference effect on (7, is small (fig. 30). The values
of C, for the sum of the parts are more negative than
the values for the complete model below 49° angle of

| attack; above 49° the effect is reversed (fig. 31)




SPINNING CHARACTERISTICS

ANALYSIS OF DATA
DERIVATION OF EQUATIONS USED IN COMPUTING THE SPINNING
ATTITUDE FROM SPINNING-BALANCE DATA

Since the necessary condition for a steady spin is
that the aerodynamic forces and moments must ex-
actly oppose the weight, centrifugal force, and inertia
moments of the airplane, the following relations may be
written.

(Because the resultant force on an airplane is not
necessarily perpendicular to the XY plane of the air-
plane, as it was assumed to be in the computation of
the attitudes, the computed azimuth setting of the
model on the balance had the effect of rotating the
resultant-force vector in the horizontal plane so that
Cy» was not zero. Since (y» must be zero in a steady
spin and the resultant force in the horizontal plane must
be exactly opposed by the centrifugal force, the result-
ant-force coefficient +/Ox.*4Cy.? is used instead of
C'x» as might normally be expected.)

1/2pV23SCy—=mg (1)
1/2pV28+/Cx*+ Cy.A=mQ’R (2)
1/2pV2SbC,,=1/20*(A— C) sin 2« cos®(c+- B) nearly (3)

1/2p V2S00, =2 (C—B) sin « sin (o4 B)
cos (o B) nearly 4)

1/2pV386C,=2*(B— A) cos a cos (c-+f)
sin (o B) nearly (5)

where o is the angle between the vertical and the helix
described by the center of gravity of the airplane.
Relation (3) may be rewritten as

Qb / —(, e ]7)"’ ) -
Wik \ﬁ 4 sin 2a cos? (e+8B) ><<\/\'sz- = ) (6)

e m ]( b? ‘>77 ”'l'i,,
where n " 5% anc IP—t ) g(C—4)

Dividing relation (4) by (3) gives

k7 —ky? tan (o-B)

O.=—=( 5 5 i
i P kr—kx® cos o @)
‘her k—ky* C—B
where o 0—A
Dividing relation (5) by (4) gives
.= cot 0:< ﬁ); = (8)
\tZ —
by’—k*\ . B—A4
SR Uy > b
where (A'Z'“’~ ‘.)_2) O—B
. Q. e
sin o= from definition (9)

OF THE XN2Y-1 AIRPLANE 13

. On 2 C2 s :
Sii (o= Y =X 2 e m R (2 and e (o
b ~ A
4pr

COMPUTED SPINNING EQUILIBRIUM

1. The value of ¢ is obtained for each test condition
by using equation (10).

2. The value of Qb/2V required for balance of the
aerodynamic and inertia pitching moments is computed
from equation (6) for each test condition, (’,, being
increased by 0.02 for reasons given in the text. These
computed values of Q6/2V and the values used in test-
ing the model were plotted against C,. (See fig. 32.)
The intersection of these curves gives the equilibrium
values of Qb6/2V and C,, for each angle of attack at
rach angle of sideslip tested.

ny/2v
4 () At /1.0
o
s el
N
6104 d—— — :
£ Ot <
U e T o B
(3] \ i
5 J | R
o
8-.08 s
s-.
= S
Q
g i
o
§ ?\
X
e A

A 40°&X 050°«

+ 60°” K70
|
nNy/2V from tests

=== Revllred

) | | L

Pitching
§
~
Ny

FicURrE 32.—Variation of pitching-moment coefficient Cn (body axes) with Qb/2V".
(Value of 2b/2Y” from tests.) B=—10°.

3. The value of the rolling moment required for
equilibrium with the inertia moment is found from
equation (7) by using the values of (), and ¢ that gave
a balance of pitching moments (par. 2). These rolling
moments, and those from the ftest data, increased
by 0.02, are plotted against B8 for each angle of attack
in figure 33. Intersection of these curves gives values
of B and O, for spinning equilibrium at each angle
of attack tested.

4. The values of the aerodynamic yawing moment
required for equilibrium are obtained from equation (8)
by using the value of (¢, found from paragraph 3,
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FIGURE 33.—Sample chart showing method of determining angle of sideslip and angle of attack necessary for equilibrium in spins. §.=23°41’ up; 6,=40° with spin;

: . 70 :
and those obtained from the data (changed according
to fig. 26 for full-scale) at corresponding conditions
are plotted against angle of attack (fig. 33). Equilib-

?

way: Plot the aerodynamic rolling moments required,
computed for each angle of attack from paragraph 3,
against Qb/2V, from which the value of @b/2V for each
angle of attack can be found, since the value of
for equilibrium has been obtained in paragraph 3.
(Fig. 34 is a sample chart.) Plot these values of
Qb/2V against « and, since the value of « of the spin
is known from paragraph 4, the value of Qb6/2V for
the indicated spin is obtained. 40

This method of analysis is essentially the same as
that given in reference 8, modified for use with the
data from the complete model instead of from only
the wing.

rium in a spin is indicated where these curves intersect.
5. The value of Qb/2V for the attitude found by the 5
method of paragraph 4 is determined in the following [

O
Q

Angle of attack, a , deg

Q
Q

et o

INDEPENDENT VARIABLES USED IN COMPUTATIONS

i

a = 50° /50°

%

Computations for estimations of spin characteristics
were made for assumed characteristics of the airplane
for comparison with flight results, and are tabulated
in table II.

Table 111 gives the assumed airplane characteristics
that were used to estimate spins for a comparison with
the results from the {ree-spinning tunnel. A model
made to the same dimensions as the model tested on
the spinning balance and with these same parameters o 8 Qvsev

Q
-
~]

Required rolling-moment coefficient, Cy

was tested in the fl'(‘("S])lllllll]g tunnel. FIGURE 34.—Sample chart showing method of determining 26/2V of spin.
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TasLe II.—AIRPLANE PARAMETERS

b2 kz2—ky? ba 8ol 6¢7

2 =kz? | kzi=kx3 (deg.) | (deg.) (min.) | (deg.)

25 1. 00 0 41 —40

4.5 1.00 0 41 | —40

7.5 1.00 0 41 —40
10.0 1. 00 0 41 —40

4.5 1.00 0 11 —40

| 4§ 1. 00 0 41 —40
| 4. 1.00 0 11 —40
4 .50 0 11 —40

| 4. 1. 50 0 11 —40
1. 2.00 0 41 —40

4. 2. 50 0 23 41 —40

4. 1. 00 3 Against —23 41 —40

4. 2.00 Against | —23 41 —40
4S5 1. 00 A With | —23 41 —40

4 2.00 With —23 41 —40

| 4 .616 0 —23 41 —40
3. 91 718 0 —23 41 | —40
4.74 ; 2.0 0 | 25 0 10

4. 74 3 2.5 0 o510 10

4. 74 3 2.0 0 | 0 0 0

4.74 73.73 2.5 | 0 0 0

7.5 70 2.0 0 0 0 0

7.5 70 1.0 | 0 0 0 0

75 70 2.0 0 25 0 10

7.5 70 1.0 0 25 0 | 10

1 Positive when elevators are down.

? Positive in a right spin when rudder is against spin.

3 Right aileron up , left aileron down 15°.

4 Left aileron up 25°, right aileron down 15°.

5 Corresponds to flight tests 38L, 40L, and 111 of reference 1.

TasLe III.—SPIN-TUNNEL PARAMETERS

kz2—~ky?

h2 ( da [ e | 5
& | k2—rkx? kZ2~kx? (deg.) | (deg.) (min.) ‘ (deg.)
[

4.80 | 62.00 0 —23 41 —40

[ 4.9 63. 00 0 | —23 4 —40

5.00 64. 49 0 | —238 41 | —40

{ 500 | 6576 0 | —23 41 | —40

| 5.19 | G = —40

[ 4610 | | 0 | —23 41 | —40

\ o =T A —40
{ \ 0 (3 Tl 0 |

\ OEIN R os s NI 40

( | ‘ DR 0 0 0

[ 0 25 0 | 40

Under standard conditions at sea level for this air-
plane, values of u of 2.5 and 10 correspond to wing
loadings of 5.36 and 21.46 pounds per square foot, re-
spectively. The variables used were chosen to cover
the range for all wing loadings and moments of inertia
likely to be used with an airplane of this type and in-
cluded some specific values used in flight and in the
free-spinning tunnel.

The results of the analyses are given in figures 35 to
40. BEach analysis, with 6§,=23°41" up, was com-
puted, in addition to 5,=40° with, for rudder settings
of 25°, 17°, 8°, and 0° by using the values of (', given
in figure 22 and by assuming that the only effect of
moving the rudder from 40° with the spin was to change
C, and that the value of 2b6/2V was 0.75 at a=60° and
0.50 at a=50°.
mate because ', changes considerably with Qb/2V (see
fig. 15) and (), changes with rudder movement. The
results are included because they indicate the general
effects of rudder deflections.

m : 5
I'hese assumptions are only approxi-

ARBITRARY CORRECTIONS TO SPINNING-BALANCE DATA USED IN
MAKING THE ANALYSIS

Full-scale.—Previous (references 4
and 5) and figures 23 to 26 indicate that it is necessary

to correct spinning-balance data when estimating
te g =

investigations

spins.
because ACy, is a small percentage of Cy. and rather
large values of ACy, would make but small differences
in estimating spins. The average value of 0.02 has been
added to O, and C,, because AC, and AC,, show only
slight tendencies to vary with «, 8, or €6/2V, and the
individual points are scattered. All €, values were
changed by the amount indicated by the curve (fig. 26)
for this analysis because the curve of AC, against § is
well defined and the differences are sufficiently large to
cause large angle-of-attack differences in the estimated
spin.

Free-spinning tunnel.—If the differences between
spinning-balance and flight results were all due to scale
effect, then steady spins estimated from uncorrected

No correction to Cyx. 1s considered necessary

balance data should agree with those obtained in the
free-spinning tunnel. However, the values of Qb/2V
obtained from tests in flight and in the free-spinning
tunnel (references 2 and 3) are very nearly the same
and, since (), determines to a large extent the curve of
b2V against « (fig. 34), a correction of 0.02
applied to O, for all estimations of spins used for com-
parison with the results from the free-spinning tunnel.

was

DISCUSSION OF RESULTS OF ANALYSIS

ESTIMATED FULL-SCALE ATTITUDES

Increasing p increases the angle of attack, makes the
sideslip more positive, and increases the values of
Qb/2V when the rudder is 25° or more with the spin
(fig. 35). In general, it appears that increased wing
loadings and higher altitudes would make the spin
flatter and recoveries slower and more difficult.

Increasing the pitching-moment inertia parameter
b?/ (k2 —ky?) (decreasing C— A) generally decreases the
angle of attack, makes the sideslip more outward
(negative in a right spin), and does not appreciably
change Qb/2V (fig. 36). The effect on time for recovery
of changing b*/(k,*—kx*) would probably be small.

Increasing the rolling- and yawing-moment inertia
parameter (kz*—Fky*)/(ks*—kx*), 1. e., moving weight
from the center of gravity out along the wings (fig. 37),
increases the angle of attack and ©b/2V and makes the
sideslip more nearly zero. Increasing this parameter
would apparently make the airplane spin faster and
flatter with and
difficult.

This analysis indicates that a large value of x and a
large value of (k/2—ky?)/(ks*—kx") would make the air-
plane spin at high angles of attack and very fast. It

recoveries probably slower more

was thought that large values of these parameters
might produce spins with the controls neutral or against
the spin. Accordingly, analyses were made with u=
7.5, b*[(ki—kx?)=T0, (k2—ky?) (k2 —kx*)=1.0 and
2.0, and tail surfaces both neutral and against the spin;
but in no case was a spin indicated. Approximately
the same conditions were tried in the free-spinning
tunnel with the same results.
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Moving the rudder, with elevators up, any amount
from full with the spin to neutral in all cases reduces
the angle of attack and 2b/2V and makes the sideslip
more outward.

Equilibrium was impossible in every case in a spin
analyzed with elevator and rudder neutral or both
against the spin. Moving the ailerons from against
the spin to with the spin (fig. 38) decreases the angle
of attack and decreases ©b/2V with elevators up and

1.4 ——TT T
| ‘
7 L e e P XT
(2 ——=——— - 8°with spin—]
T s |

082y

this analysis are shown in figure 39. The estimated
spins agree very well with flight results when (k,*—
ky*)|(kz?—kx?) is equal to 1.4. For other values of this
parameter the disagreement between the results is
considerable. When (k,*—ky?)/(k2—ky?) is equal to
0.718, the only condition flight-tested both to the right
and left, the flight results are generally greater or less
than those obtained from analysis, depending upon
whether the airplane was spun to the right or to the
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2

FiGURE 37.—Variation of estimated values of angle

and Qb/2V with relative density of air- b2 kz2— ky? of attack, angle of sideslip, and Qb6/2V with rolling-
kzi— ky? rameter ey 8a=0°; §.=23%41"up; p= L:’\;k l-’—l; 5=1.0. kp2— ky?
plane. 6,=0°; 8.=23°41' up; ;75— 5=1.0; e X Z £ and yawing-moment inertia parameter 5~ -
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,=70. 3.=0%; 5,=23°41’ s u=4.5; =70
k7—kx? U 6,=0° 4 3°41" up; p=4.5; k—kxt !

rudder full with the spin. With other rudder settings
this effect is reduced and, with 6,=0° and (k,2—ky?)/
(k/—kx*)=2.0, the angle of attack and Qb/2V are
increased. Ailerons moved from against the spin
to with the spin generally tend to increase the sideslip
and make the values more nearly the same for all rudder
settings.
COMPARISON WITH FULL-SCALE RESULTS

An analysis for estimation of spins was made for some

flight conditions given in reference 1. The results of

left. There is no doubt but that part of this difference
is due to dissymmetry of the airplane used in the
flicht tests. The results of the one test with wing-tip
ballast show considerably different aerodynamic charac-
teristics than do the results of the tests without ballast
(reference 2); this discrepancy, however, may be due
to the changing of the period of vibration of the wings
by the ballast, thus affecting the rolling and yawing
moments. At the beginning of these tests on the spin-
ning balance it was found that, under certain conditions,
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the rolling moment (for earth axes) could be varied as
much as 100 percent by changing the tension of a
spring attached to therolling-moment armin the balance.
When the rigidity of the wings with respect to the
fuselage was increased, this variation in moment with
spring tension eompletely disappeared. There can be
little doubt that this variation was aerodynamic
because the balance was carefully checked and a
corresponding condition has been observed in which the

setting of zero is very questionable, as previously
explained, and therefore will not be discussed.

The angle of sideslip for rudder settings of 40° and
17° with the spin is generally within the limits of error
(a degree or so) of the results obtained in the free-
spinning tunnel.

The values of €, are usually 0.001 to 0.003 too low to
give the angle of attack obtained from the free-spinning
tunnel. This difference indicates that the results from
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tail surfaces and wings of a model vibrated during
routine tests in another wind tunnel.

COMPARISON WITH RESULTS FROM THE FREE-SPINNING TUNNEL

The results of the analysis and results of tests from
the free-spinning tunnel are given in figure 40. The
estimated values of B, @b/2V, and C, necessary for
equilibrium in a steady spin are plotted against the
angle of attack; the values obtained from the free-
spinning tunnel were obtained from reference 3 and
from unpublished data. The results agree fairly well
except below 40° angle of attack, in which range the
model could not be tested on the spinning balance
because of interference with the balance. The extrapo-
lation of the spinning-balance data for the rudder

the free-spinning tunnel are slightly more positive than
those obtained from the spinning balance; however,
this discrepancy may be an indication that the correc-
tion of 0.02 to the pitching moment was not large
enough, since increasing the value of the correction
reduces the difference.

The fact that the values of @b/2V are usually slightly
lower than those obtained from the free-spinning tunnel
also indicates that a correction to C, of the order of
0.021 or 0.022 would have given slightly better agree-
ment for both Qb/2V and C,.

The agreement between spins as estimated from
results obtained from the spinning balance and from
those obtained from the free-spinning tunnel is gener-
ally well within the limits of error except for the neces-
sary correction to C,,.
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COMPARISON OF SPINS OBTAINED IN THE FREE-SPINNING TUNNEL
WITH THOSE OBTAINED IN FLIGHT AS INDICATED BY THE
SPINNING-BALANCE DATA

The comparison of spins in flight and in the free-
spinning tunnel is based on the necessary corrections to
the data obtained from the spinning balance to give
agreement with results from flight and from the free-
spinning tunnel.

The differences in 'y, (force coefficient in the hori-
zontal plane) and in (), are not large enough to have an
appreciable effect on the results. The effect of changes
in Cy, have been shown in references 7 and 8 and the
changes in C,, have been discussed in this report.

[f an arbitrary constant of 0.02 could be added to the
(), for tests in the free-spinning tunnel, the sideslip of
the model and the airplane should be about the same.
The differences in yawing moments are but slightly
less than those given in figure 26. In the comparison
of spins, however, the difference in yawing moment
required caused by the difference in sideslip between
the model and the airplane must be considered.

The effect of sideslip on the yawing moment required
is reflected as a change in ; in equation (8):

O, =, cot a( f,j‘];)
For the model of the XN2Y~1 airplane, (; would always
be about 0.02 less than for the full-scale airplane
because the aerodynamic rolling moment does not
change much with B. (See fig. 33.) If (B—A) 1s
positive, the value of (), required for the model will
always be less than for the airplane, which gives (in the
analysis) the same effect as adding an increment to the
aerodynamic yawing moment available. The result of
this counteracting effect is that the model may spin at
the same angle of attack and recover in much the same
manner as the airplane. When (B—A) is negative,
this effect will be reversed and greater discrepancies
between model and airplane spins may be expected.

Also, the aerodynamic yawing moment may be consid-

erably different because of the difference in sideslip

between the model and the airplane, since the yawing-
moment coefficient varies with angle of sideslip. (See
figs. 12 and 22.) The inference from these comparisons
is that the free-spinning tunnel will, for certain air-
planes, give reasonable indications of the behavior of
the airplane in the spin but in other cases thebehavior
of the model and of the airplane may be considerably
different.

CONCLUSIONS

1. Scale effects on models, and tunnel and oscillation
effects on the spinning-balance results, make it difficult
to estimate the equilibrium attitude in a full-scale
spin.

2. For the XN2Y-1 airplane the differences in ; and
C, between full-scale and spinning-balance results

AIRPLANE 19

agree with the differences found for two other airplanes
previously tested. No comparisons of €, can be made
with previous results because of the inaccuracy of this
value in the earlier tests.

3. An average difference of 0.02 was found in ; and
(', between flicht results and spinning-balance results.
The differences in C, were found to increase with 38
as B became more positive (more inward sideslip in a
right spin). The value of C, was found to be about
0.005 at slightly negative values of sideslip, increasing
to 0.02 at 13° positive sideslip.

4. Good agreement for steady-spinning attitudes
between results from the free-spinning tunnel and esti-
mations of spins from spinning-balance data can be ob-
tained by adding 0.02 to the values of the pitching-
moment coefficients measured with the spinning
balance.

5. This investigation indicates that good agreement
in the attitude for steady spins between results from
full-scale tests and those from the free-spinning tunnel
san be obtained by adding 0.02 to the model rolling-
moment coefficient and an inerement that depends on
the angle of sideslip to the model yawing-moment
coeflicient.

LANGLEY MEMORIAL AERONAUTICAL LABORATORY,
NATIONAL ADVisorY COMMITTEE FOR AERONAUTICS,
LaneLEY FiELD, VA., April 16, 1937.
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4. PROPELLER SYMBOLS
D Diameter ] Vi
? 1§ i 2 Power, absolute coefficient Cp=—+
P, Geometric pitch pn D
p/D, = Pitch ratio o q N 5 [pV?
a4 : ) Speed-power coefficient=+ /5%
V’,  Inflow velocity i : i R Pn?
Vs,  Slipstream velocity K Efﬁmency
- T n, Revolutions per second, r.p.s.
T, Thrust, absolute coefficient Cr=— 1oL ] i V4
P”Q P, Effective helix angle:tan“l(oml)
Q Torque, absolute coeflicient Co=
) {ue, Y Q pn:'Dé

1 hp.=76.04 kg-m/s=550 ft-1b./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.

5. NUMERICAL RELATIONS

1 1b.=0.4536 kg.

1 kg=2.2046 Ib.

1 mi.=1,609.35 m=5,280 ft.
1 m=3.2808 ft.






