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EXPERIMENTAL DETERMINATION OF THE YAWING MOMENT DUE TO
YAWING CONTRIBUTED BY THEZ WING, FUSELAGE, AND
VERTICAL TAIL OF A MIDWING AIRPLANE MODE

! By John P. Campbell and Ward O, Mathews
SUMMARY

Values of the lateral-stability derivative Cnr’ the

rate of change of yawing-moment coefficient with yawing
angular velocity, contributed by the wing, the fuselage,
and the vertical tail have been devermined for a midwing
airplane model by the free-cscillation method.

It was found that the values of Cnr contributed by
the vertical tail and by the profile drag of the wing were
in good agreement with theory. The damping contridbuted
by the wing varied as the square of the 1ift coefficient,
but the actual values were somewhat lower than those pre-~
dicted by existing theory. The value of Cnr contributed

by the fuselage appeared to be negligible.,
An empirical formula is presented for obtaining an
approximate value of Cnr for a conventional midwing air-

vrlane.

INTRODUCTION

In calculating the lateral stability of an airplane,
difficulty is often experienced in estimating values of
the stability derivative Cnr’- the rate of change of
yawing-moment coefficient with yawing angulay velocity. Al-
though theoretical methods for obtaining the value of Cnr
contributed by the vertical tail and the wing are given in
references 1, 2, and 3, little recent experimental work
has been dcne to determine values of this derivative. In
order to provide experjimental data on the comtributions of

the wing, the fuselage, and.the vertical tail to Cnpe :

some measurements for a midwing airplane model have been




made in the NACA free-flight tunnel. Additional measure-
ments were made for a rectangular wing of high-1ift sec-
tion in order to extend the 1ift coefficlents to the high
values encountered by fullwscale airplanes. The results
are presented in the present report,

A free-oscillation method siwmilar to that described
in reference 4 was used. The values of Cnp were direct-
ly determined from the damping of free-yawing oscilla-
tions, which were obtained with the models mounted on a
strut that permitted freedom only in yaw.

n,. rate of change of yawing-moment cocefficient with
vawing angular velocity per uin G o rb/zv
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CnB rate of change of vawing-moment coefficient with
angle of sideslip (3Cyn/3B)

Cr, 1ift coefficient (L/qS)

Cq, 1ift coefficient of wing alone

W

ACLf inerement of Lift coefficient due to flap

CDO profile~drag coefficient (Do/qs>

CDo profile-drag coefficient of wing alone

w
AGDO increment of profile-drag coefficient due to flap
i

G yawing-moment coefficient (¥/gbS)

N yawing moment, foot-pounds

Ny rate of change of aerodynamic yawing moment with
vawing angular velocity (oN/or)

Nrf rate of change of frioctional yawing moment with yaw-""
ing angular velocity [(BN/ar)f] '

NW rate of change of aerodynamic yawing moment with an-

gle of yaw (3N/ay)
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rate of change of restoring moment of torsion spring
with angle of yaw

198, pounds
profile drag, pounds
.
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dynamic pressure, pounds per square foot <§pv i

wing area, square feet
yawing angular velocity, radians per second
wing span, feet

flap span, feeb

o
H
=
1]
3
0]
®
-
Hy
(]
(4]
ct
o}
@
"3
n
(0]
(&)
O
o]
=%

total logarithmic decrement or damping factor

logarithmic decrement due to friction

poriod of yawing oscillation, seconds
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asvect ratio

. / f-in 1p9 RS A\
taper ratio (ratio of tip chord to root chord)
distance from center of gravity to rudder hinge

feet

vawing moment c¢f inertia, slug-feet square

ks, ks kg constants

Line,
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METHOD

The equation of motion of a systenm having freedom only
in yaw can be expressed, to a close first approximation, as

2
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The yawing motion of the systen represented by this
equation can be expressed by an equation of the form

4
e = a BV WK win bti4 B eo8 bt )

which represents a damped harnmonic oscillation where the
ratio 6f the maximum amplitudes of successive oscillations

L8

The value of a, the logarithmic decrement or the damping
factor, can te determined from the experimentally recorded
angles of yaw against time by means of this relationship

i ‘

which, when transposed, g
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The damping derivative ecxpressed in terms of the damp-
ing factor 1is

Np + Np, = -2Iza’ (3)
and the damping derivative due to friction is
l‘d’rf = -2lgay (4)
Combining equetions (3) and (4) gives
N, = -21Iy (a - ag)

or, in nondimensional form,




The period of the yawing oscillation expressed in
terms of the coefficients of equation (1) is

21
it (6)
- 2 1
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The effect of friction on the period is negligible. At
zero airspeed, when N, and N¢ become zero, equation
(6) reduces to

T o, ek
/:_15
Iy
or
3 2
IZ B e ﬂ—s (7)
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By substituting im equation (?) the value of T at
zero airspeed, the yawing moment of inertia Iy can be
obtained for use in equation (5).

It should be noted that the restoring moment of the
torsion spring k affects the period of the oscillation
(equation (6)) but does not affect the damping (equation
(3)). It is possible, therefore, to adjust the period to
any desired value without alffecting the measurement of
CI).I i

APPARATUS AND PROCEDURE

The investigation was carried out in the NACA free-
flight tunnel with the apparatus shown in figure 1. The
upper portion of the strut to which the model is attached
is mounted in ball bearings and is free to rotate within
the fixed base. The model is therefore free to yaw but is
restrained in roll and pitch. The movable portion of the
strut is hinged to permit adjustments in the angle of at-
tack of the model being tested.

A torsion spring connecting the fixed and movable
portions of the strut provides the additional restoring mo-
ment necessary for obtaining short-period vawing oscilla-




tions. It is important that the period of the 'oscilla-
tions be fairly short to insure a well-defined osciliation
envelope and therefore %to permit an accurate measurement
of damping.

The airplane model used in the tests is shown in fig-
ures 1 and 2. The wing of the modsl had ‘an agpect ratio
of 6.7 and a taper ratio of 0.40, and was equipped with
partial-span split flaps deflected 50°, Two vertical
tails, shown in figure 2, were used on the model. The
model was mounted on the strut with its center of gravity
on'the axis of rotations

The rectangular wing used in the investigation had an
spect ratio of 6 and an NACA 103 airfoil gection. This
airfoil section was used because of its high maximum, K 11if%
coefficient a%t the low Reynolds numbers of the free-flight-

tunnel tests. For some of the tests the wing was fitted
with a split flap 20 pergent of the wing chord and 60 per-
cent of the wing span.

The airplane mnodel was tested at.dynamic pressures of
1,9 and 4.1 pounds per square foot. No anpreciable change
in Cnr was.noted with variation in dynamic pressure-.

The rectangular wiang was tested only at a dynamic pressure

3
of 1.9 pounds per scuare foot because of excessive vibra-
tion of the wing at higher values of dynamlc pressure.

The testing procedure consisted eimply in yawing the
model apvproximately ]OO, releasing it, and recording the
resulting oscillations with a motion-picture camera mount-
edlon ton of the tupnel. '

The friction of the system was determined from tests
at zero airspeed with the models replaced by flat les
weights on long rods.. These weights were adjustéd to sim-
ulate the yawing moments of inertia of the models and were
alinéd with the plane of rotation to give negligibdble air
damping, In tests of the airplamé model at zero airspeed
with verticel ﬁail-re;oved, essentially the same damping
was obtained as§ in the friction tests. Lt appecared, there-
fore, thal a bt 'l—off‘run at gzero airfspeed could be ‘satis-~
factorily used to replace the special friction tests with
lead weightas,

The peaks of the oscillations recorded by the camera
were read from the film record and plotted against time.
The natural logarithms of the faired peaks were then plot-




ted against time and the slopes of the resulting straight
lines were graphical representations of the logarithmic
decrexrents &a and &a.. The numerical values for a and
ap were determined from the slopes by equation (2) and
these values were substituted in equation (5) to obtain

Cnr.

Lift and drag coefficients and yawing-moment coeffi-
cients due to sideslip were determined by tests on the
gix-component balance in the tunnel for use in correlat-
ing the measured values of Onr with the theoretical de~-
rivatives. '

THEORETICAL DAMPING DERIVATIVES

The value of OCp. <for a complete airplane may be ag~-
1

sumed to be made up of 4i tly additive contributions of
il 24 i

the vertical tall, . uselage, if interference ef~
fects are neglected; that is,

C = ACq oy + ACn o . cet ks

By Tl ta1l ) YR {wing) Dr(fuselage)

It can be shown Lhat the contridbution of the vertical
= (s)
Do(tail)

For a wing without flaps

Simple integration for X, yields

e (1 BN :
Ko = ~0.33 &7v«~:§~! (9)
2 4+ 2n/
Values for K, are given in figure 13 of reference 2,
which may be represented by the equaticn
o el B 1 . ;
;{J. = () e \_'.. - A & = /\\' (.].O)
N 1S Dl 4

The value ~0.031 1is for a rectangular wing of aspect




ratio 6.0. Glauvert, in reference 1, gives a value of
~0.024 for this cecondition.

For a wing with partial-span flaps extended, the
profile-drag term KOCDO becomes

K .0 =% Ox 4§40 (11)
o] DO 0 JJOW i DOf
where
b
N ﬁf CIE)
Kal=e0se oy (12)
£ \'p/ 2 + 2A
and the induced-drag term chLe takes the form
K0 = K, 0p ° + KoA0p Op  + X4 A0y, (13)

Values for K; and Kz are given in figures 12 and
1% of reference 2, but the value for Xz 1s not given in
reference and is appareantly not available from other
es, lLnasmuch as L\an(wi_1 \ for the flaps-extended

¢ ng)

$tion cannot be computed without the value of Ky, it
g le
T

s desirab to prepare additional charts for this

Calculations of

reference b indicate that the theoret-
ical value of L4Cp o i

is zero for fuselages that
\
are ellipsocidal in shape.

RESULTS AND DISCUSSION

Contribution of Vertical Tail to OCn,

Valuec of Cp. for the complete model with partial-
L v
span flaps extended are given in figure 3 as a function of
vertical-tail size. Values of ACp (ail are obtained

2

directly frem the data in figure 3 by subtracting the

valus of Cnr with tail off from the values of GCp  with
-

tail on. The line drawn on the figure was computed from
2 a \ o
equation (8) and was based on the measured values of
BChpr: an given in the table on figure 2. The agreement
g (4ail)
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between the test points and this computed line is an indi-
cation that the contribution of the vertical tail to Cnr

for a midwing airplane can be computed with reasonable ac-
curacy from the theoretical relation given in equation

(8). PFor high- or low-wing airplanes a correction factor
might be necessary for this relation because the sidewash
at the tail, which varies with wing position, causes dif-
ferent changes in AC and AC,

L8(tail) r(tail)’

Contribution of Fuselage to Cnr

The data of figure 4 show the variation of Cnr with
1ift coefficient for the fuselage-wing combination and for
the rectangular wing with partiasl-span flaps extended.

'he value of Cnr for the fuselage and wing varied fromn
~0.014 to ~0.028 over the 1lift range covered in the air-
plane model tests.

A comparison of the Cn, values for the fuselage-

wing combinaticn with the values for the rectangular wing
with flaps extended (fig. 4) indicates that the fuselage
had a negligiblie effect on Cnr. Although it appears from
a direct comparison c¢f the data that the fuselage slight-
ly reducsd Cﬂr' this apparent reduction was probably

caused by the difference in plan form and by the greater
profile drag of the rectangular wing. Other recent tests,
the results of which are unpublished, have indicated val-

ues of AC ranging from -0,003 to ~-0.0068. 1%
nr(fuselagc) o

appears, therefore, that the fuselage contribution to Cnr

is normally small enough to be neglected.

Contridbution of Wing to Gnr

Variation of ACp, with 1ift coefficient .- The

r(wing)
data of figure 5 show that

~

. “Pr(wing)
flaps retracted varied as the square of the 1ift coeffi-
cient, as predicted by theory, but that the value of K,
was smaller than the value predicted by esither reference 1
or reference 2. The experimentally determined value of

K, for the rectangular wing was -0.020; whereas reference
1l predicted a value of ~0.024 and reference 2, a value of

for the wing with
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-0.031., 1t appears that the value of -0.031 given by ref-
erence 2 and used in equation (JO) i too large and should
be replaced by -0.020.
The variation of Gnr with 14ft coefficient for the

. - . a~ . b .
wing with partial-span flaps extended (fig. 4) differed

from the variation with flaps retracted in that the mini- (E
mum value of Cp ~ was obtained at a small positive 1ift @
coefficiont ratler than at zero 1ift. This result, which
is also indicated by equation (13), is due to the fact

hat at gzero 1ift the center flapped section is developing
positive 1ift, the tip section is developing negative sy
and both are contrivuting to Onr’ Inasmuch as no calcu-

lated value for the constant E; was avail

a
oretical and experimental Vv
1ift coefficlent could be m

ble, no corre-
ariatiion "o
ade for the

value of Cp for
ES

ifich

ps—~extended c

Variation of

O"‘Ftha.

n.

t was about -0.007, as s

et D

own in

AC £ with profile drag.—- The
Yrl{wing) .
the wing with flaps retracted at zero

figure 5. The profile-
s

drag coefficient uno for the wins, as measured on the
balance in the tunnel for the same condition, was 0.024.
o - > . . = ) YO 77
From these two values, X, is found to be ~0.007
0.024

-0.29, Equation (9) yielas 0,323 as the theoretical value
Toxr Ko for a rectangular wing. It aopears that the cal-
culated and the experimentally determined values of X,
are in fairly good agreement.

With the partial-span flaps deflected on the rectangu-
lar wing, the value of C,_ due to profile drag caunu be ob-

o

tal th

given by the
incremenw
HibaEig e

Combining equations
ol
containing Uy

“Af

ned from the value of Cnr at t

flap. For the
of 1ift
efficient of 0.60 the

because C

coefficient

wing tes

]
14ft coefficient
1.

gave an

gt 0.60, Frem figure 4 at a
&
value

(11) and (13) and e

S = 0
L w
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The value KOGDO was -0.007 from the wing-alone test;
w

QGDO was 0.080 from force tests; Ky was -0.072 from

equation (12); and K, was ~0.0092 from reference 2. Then,
fior a walue of Acyf oEr 060

N

H

r 2
', = =0.007 + (-0.072x0.080) + Lwo.oc93x(o.6o 1

il

~0.00% «0.008 <0.003

~0.016

I

This result is in good agreement with tlLe measured value of
-0.017, The magnitude of all of these factors is small,
however, compared with the contribution of the tail w.I‘tace.

Determination of Cp, for Complete Model

The following empirical formula, which was derived
rom test results., shouid give a :a r approximation of the
value of Cp,  for a coanventional midwing airplane:
% Fe o FIRERN I Al T 2
n. = A'Jn ~ | 0.33 | '.;'r;'?' )C‘D +0.020 (1 - —= - “"/.\‘ CL
iy \ b B(tail)/ | \2r2A/ Yo Yy T K-

The free-oscillation method of determining damping in
yaw is considered very satisfactory in that it provided
reasonadbly accurate results quickly and easily. The follow-
ing conclusions were drawn from the results of the free-
oscillation tests of the midwing airplane model and the rec-—

tangular wing model;

1. The experimental values for the yswing moment due
to yawing contributed by the vertical tail were in good

agreecment with the calculated values.
2. The values of the yawing moment duec to yawing
contributed by the wing varied as the square of the 1lift

coefficient but were lower than those predicted by theory.
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3. The value of the yawing moment due to ‘yawiag con-
tributed by the profile drag of the wing was approximately
the same as the theoretical value.

4, The contribution of the fuselage to the yawing
moment due to yawing was negligibdle compared with the
value for the complete model,

5. The test regults indicated that a falr approxima-
tion of the value of the yawing moment due to yawing for a
conventional midwing airplane could be obtained from an
empirical formula,

Langley Memorial Aercnautical laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va,
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Figure 1l.- Midwing alrplane model mounted on yaw strut for damping tests in the NACA
free-flight tunnel.
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Fig. 3
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Figure 3.~ Variation of damping in yaw with vertical-tail effective-

ness. Midwing airplane model; #laps extended; Cp = 1.0,
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