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WIND~-TUNNEL INVESTIGATION OF EFFECT OF YAVW
ON LATERAL-STABILITY CZARACTERISTICS
I - POUR N.A.C.A, 23012 WINGS OF VARIOUS PLAN FORMS
WITH AND WITEQOUT DIHEDRAL

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

Four N.A.C.A, 23012 wings were tested at several an-
gles of yaw in the N.A.C.A, 7- by 1O0~-foot wind tunnel,
All the wings have rounded %ips and, in plan form, one is
rectangular and the others are tapered 3;:;1 with various
amounts of sweep. Each wWing was tested with two amounts
of dihedral and with partial-span split flaps. B

The coefficients of 1ift, drag, and pitching moment

are gliven for all the models at zZsro yaw, The cosffi-
cients of rolling moment, yawing moment, and side forcs
are given for the rectangular wing at all valuss of yaw
tested. The rate of change in the coefficients with an-
gle of yaw is given in convenient form for stability cal-
‘eculations,.

IXTRODUCTION

Mathematical equations have been available for some
time and convenient charts are given in reference 1 for
predicting the lateral stability of airplanes, The pracé-
tical use of the equations or charts, however, depends
upon the knowledge of the lateral-stability derivatives
for the particular airplane in question. Among the fac-
tors affecting the values of these derivatives are wing
and fuselage forms and interference between the various
parts of the airplane,

The effect of varlous tip shapes and amounts of 4i-
hedral for a rectangular Clark ¥ wing are given in refer-
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ence 2, A theoretical prediction of some of the lateral-
stability characteristics for wings is given iIn reference
3., The present investigation of W,A.C.,A, 23012 wings was
made to determine the effect of taper, sweep, dlhedral,

and partlal -span split flaps on the lateral- stabllity char—
acteristics that depend nupon sidesllip., -

Lateral-stablility characteristics of the.wings and
equations for computing approximatlons to these character-
istics are given in the report, The force and the moment
coefficients are also included.

AFPARATUS AND MODELS

The tests were made in the N.4,C.A, 7- by 10-foot
wind tunnel with the regular 6-component dalance. The
closed-throat tunnel is describved in reference 4 and the
balance is described in reference 5.

The models are made of laminated mahogany to the
N.,A.C.A. 23012 profile. Plan~form and elevation drawlngs,
of the wings are given in figure 1 and a photograph of one
of the tapered wings mounted on the balance iIs glven in
figure 32,

The tip plan form of the rectangular wing is composed
of two quadrants of similar ellipses; for the tapered
wings, the ordinates of the ellipses have been expanded
in proportion to the taper of the individual leading or
trailing edges. The N.A.C.A. 23012 profile is maintained
to the ends of the wings and, in elevation, the maximum
upper-surface section ordinates are 1n one plane, The
area of the rectangular wing is 3.917 sguare feet and the
aspect ratio is 6.383; for the tapered wings, the area 1is
4,101 square feet and the aspect ratlo is 6.097,

. The split flaps are made. of 1/16 inch steel plates
attached to the wing a2t an angle of 60°, The 20-perceht~
chord split flaps are tapered with the wing chord and ex-
tend over 60 percent of the span at the center section,
which 1s believed to be representative of modern practice.

TESTS

Bach wing was tested with 0° and 5° dihedral and with
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the partial-span split flaps deflected 0° and 60°. Each
wing combination was tested at angles of yaw of -5°%, 09,
20, 50, 100, and 159. At each angle of yaw, tests were
made at angles of attack of -10°, -59, 0°, 50, 100, 15°,
180, and 20°, At zZero yaw, enough tests were made at ad-
ditional angles of attack to obtain the values of minimum
drag and maximum lift, For each test, 211l six components
of force and moment were measured,

All tests were made at a dynamic pressure of 16,37
pounds per square foot, which corresponds to an air speed
of abouft 80 miles per hour under standard conditions. The
Reynolds Number of the tests was about 609,000 based on
the average chord of the wings, The effective Reynolds
Number, based on a turbulence factor of 1.6 for the tunnel,
was about 974,000,

RBSULTS

The data, which refer to wind axes, are given in
standard nondimensional coefficlient form as follows:

;. 1ift coefficient, L/gS.

Cy', lateral force coefficient, Yt /gS.

Cp, drag coefficient, D/gS.

Gi', . rolling.moment coefficlent, L'/qgSb.
C,» pPitching-moment coefficient, M/qSc.
Cpn', ' yawing-moment coefficient, N!'/gSb.

where L is the 1ift,

Y, lateral force.
D, drag.
L', rolling moment.

M, pitching moment.

N', yawing moment.
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a, dynamic pressure, 1/2 p¥°.
v, tunnel-air velocity.

P, air density.

S, wing area.
c, average wing chord.
b, wing span.
and
a 1s the angle of attack.
Y'!, angle of yaw, degrees (positive ﬁhen the wing is
vyawed to the right).
A, sweep angle, degrees (positive when the line of

section quarter-chord points is swept back),

r dihedral angle of the plane of the section chord
lines exclusive of the tlp portion,

Ty effective dihedral angle of the wing including

the tip portion. (Reference 2 indlicates that
the rounded tip with the maximum upper-surface
ordinate points 1n one plane gives an effective
dihedral angle of 1°.)

All the forces and moments have been given with re-
spect to the wind-tunnel system of axes that intersect in
the wing at the center of the balance support, which is
very nearly the aercdynamic center of the wings without
flap or dihedral. The center of the balance support was
located on the chord line of the center sectlions and back
of the leading edge 23.10 percent of the chord for the
rectangular wing; 16.61 percent of the root chord for the
tapered wing with A = -4.75%; 30.59 percent for A =
4,759; and 44.50 percent for A = 14,00°,

The 1ift, the drag, and the pltching moments at 0°
yaw were corrected for tunnel effects to aspect ratio 6
in free air, These data are given in figures 3 to 6 to
show the aerodynamic characteristics of the models,

The cross-wind force, the rolling moment, and the


http://www.abbottaerospace.com/technical-library

N.A.C.A. Technical Note No,: 703 5

yawing moment were corrected for. initial asymmetry by de-
ducting the values obtained without yaw from the values
cbtained with yaw. The coefficients were plotted against
angle of yaw; figures 7 to 9 are sample plots,

-1 p
The stability characteristics, ( acy! dCq
ayt 7o ! aw!
dCy ' . '
and (-———— y were obtained by measuring at zerc yaw
ays 0

the slope of the curves of the coefficients against angle.
of yaw. TFigures 10 to 12 give the variation of the sta-
bility characteristics with angle of attack. For the an-
gles of attack at and above the stall, the values become
indeterminate, as ls indicated by some of the curves in
figures 7 to 10,

dc ¢!
The variations in ( —t with o are gilven in
Ay Yo

figure 10(a) to (d) so that a direct comparison may be
made with the data of previous investigations.

Tne angles of attack, yaw, and dihedral are believed
to be within =0.1° of the values given, ZExperimental er-
rors in the coefficients are belleved to be within the '
following limits:

Gy, *0.005 (for maximum 1lift)

Cp., *0.00085 (for minimum drag)
Gy'. *0.001

Gy', =*0.001
Cp, =0.002

c.!', 0,001

DISCUSSION

: d
It was found that the values .of (
~
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represented by an empirical ‘eguation, The eguation is v

< —%-) =0.00021 T, - 0.0018 =% (1 - A) + 0.000056( A+ 5.70
aut

o o)

(Note that I'c 1is the effective dihedral angle of—the
wing, as previously explained,)

C
- 21 =2 (1 -

| S

where ¢ is the root chord of the wing.

s
A, taper ratio (A = 1/3 for the. 3:1 tapered
wings
and b, the wing span,

In figure 10(e) and (f) is shown the agréement of the B
test points and the curves calculated from the eguation.

The equation indicates that the effect of a change .
ac 3!

in dihedral on ( ) is independent of taper, sweep .
) .

dy!
angle, and split-flap deflection, The coefficient of the

' term is practically the same as that obtained for othser
sections and plan forms (reference 2), and is #lightly less

than that obtained by theory (reference 3)., ‘Inasmuch as
acy!
the value of (i——k— for a given value of CL ig prac-
dyt /o
tically unaffected by split flaps, airfoil section might
dc!
be expected to have little effect on ( . The vari-
qat
ation of ( with C;, and A was not predicted by the
avyt' ‘o

theory of reference 3.

are comparatively small and
avt ‘o ‘
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show.no consistent variation with I, A, or-.taper, (Ses

ac, !
fig. 11.) There is.a tendency for ( Jﬁ ) to have the
_ . . 3 .

smallest numerical values at small angles of attack and .. ~-- - - -

for the values %o be algebraically less for the Wings with
flaps deflected than with flaps neutral, Although the
curves in figure 11 are similar to those for. the Clark Y
wing given in-reference 2, therc is no indication of the

) ) ac,!
effect of dihedral on (
Naw

) which was given therein’
o

4Cvy!
ay!

represented fairly accurately, for“angles of attack below
the stall, by the followling empirical equatiohs:

The values of ( ) given in figure 12 may be
o : .

For the wing without flaps,

dCy
('———— = 0,012 CD - 0.00011 Po
AU 0

and, for the. wing with flaps deflected 60°,

0! ~ . -
YY N . - Cg
( ) = 0.012 0 - {0.0000066[83 — (1~ ) - A:’+ o.ooon}r‘

d_wl (o] | b 0

dCY'
ay!

pendent of taper, flaps, and dihedral,

Tne effect of CD on ( ) s practically inde-
o}

CONCLUDING RIMARKS

The results of this investigation indicate that:

1. The effect of increasing the dihedral is to in-

i1G !
crease’ ( L ) By an amount equal to 0.00021 per de-
a 0
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Cy!
av' /o
per degree or more, depending on the angle of sweepback,

gree, to decreasse. <

., a0 1?
and to produce negligible changes in ( n ) .
awyt o

2. The effect of deflecting 60-percent-span, 20-per-
cent-chord, split flaps 609 -is, generally, algedbraically

ac
to decrease <—E%~ , to increase the effect of swsep-
0
! ) 1
back on (EEI. , and to produce no change in igi_‘)

avr ‘o LRVL

for a given value of GL.

’ . dac 1!
3., Tapering the wings decreases ( L ) and .
’ ay!

dCy! . 401"
=i with no appreciable effect on ( 2 ) .
¥ /o . avr 7o
4, Increasing the. sweepback lncreases the effect of
1 dC+!
€ on (Egl— and of dihedral on ( I‘) .
avt ‘o ay /g
5. A change in airfoll section ls believed to have
' ~dcqy! ' .
little effect on <-EE£— for a given value of Cq,-
o}

Langiey Membrial“Aéronautical Laboratory;'
National Advisory Committee for Asronautics,
Langley Field, Va., March 2, 1939,

by an amount egual to 00,0001l

0
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