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NATIQNAL ADVISORY COMMITTEE FOR AEZRONAUTICS

- TECHNICAL ¥OTE NO. 730

WIND-TUNNEL INVESTIGATION OF EFFECT OF YAW ON
LATERAL~-STABILITY CHARACTERISTICS
IT - RECTANGULAR N.A.C.A. 26012 WING WITH A
CIRCULAR FPUSELAGE AND A FIX

By M, J., Banber and R. 0. House
SUMMARY

An H.A.C.A. 23012 rectangular wing with rounded tips
was tested in comblngtion with a fuselage of circular
cross section at several angles of yaw in the N.A.C.A, 7=
by 10-foot wind tunnel, The model was tested as a high-
wing, a nidwing, and a low-wing monoplane; for each wing
location, tests were nade with two amounts of dihedral
and with partial-span gplit flaps. For each combination
of wing and fuselage, tests were nade with and without a
fin, Sample charts of the coefficients of rolling noment
Cy', yawing nonent Op!, and lateral force Cy! are

given for some of the combinations tested. The rate of
change in the coefficients w1th angle of yaw Y! is given
for stability calculation. )

The value of the effect on dCy!'/dy! of wing-fusslage

interference change sign as the wing was noved downward

on the fusclage from the high to the low position, belng
zero at sonme intermediate position. In goneral, the change
in dCy'/a¥? for a given change in the dihedral was only

slightly affected by wing-fuselage interference. Moving
the wing from the low to the high positlon generally tonded
to increase the value of dCq!/aV¥! and dC,'/dY* and to

decrease the effectiveness of the fin on dCy?!/dy?,
aCnpt/ayt, and dCyt/dv!.

INTRODUCTION

Estimatlion of the stability characteristics of air-
planes can be made only if the stabllity derivatives of
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the particular airplane are known. Mathomatical equations
are avallable and convenient charts are given in referenco
1 for predicting the lateral-stability characteristics of
alrplanes. Sone of the factors affecting the values of
thegse derivatives are wing, fuselage, and fin forns and
the aerodynamic interference betwesen these parts.

The effects on the lateral-stadbility characteristics
that depend on yaw of several wing forms, changes in tip
shape, dihedral, taper, wing section, sweep angle, and
split flaps are given in references 2 and 3. A theoreti-
cal prediction of sone of the lateral-sitabllity charac-
teristics for wings is given in reference 4. The purpose
of the present investigation was t0 obtain information
relative to the interference effects on lateral~stadbility
characteristics of wing-fuselage-fin conbinations, . Tests
were nade with a fuselage of circular cross section having
a renovable fin; the fuselage was tested separately and in
conbination with the W.A.C.A. 23012 rectangular wing, for
which results of a similar investigation are given in ref-
erence 3. The wing variables were dihedral and flap de-
flection for each of three locations representing a low~
wing, a midwing, and a high-wing monoplane. The effect
of the fin was obtained for each variatlon of each fuse-
lage-wing combination. ' ’

This paper gives the lateral~-stability characteris-
tics of the wing-fuselage-fin combinations tested and the
variations with yaw in rolling-~noment, yawlng-moment, and
slde~force coefficients for the combinations.

APPARATUS AND MODELS

The tests were nade in the N.A.C.A., 7~ by 1l0~foot
wind tunnel with the regular-6~component balance. The
closed-throat tunnel is described in reference 5 and the
balance is described in reference §.

Figure 1l is a drawing of the laminated mahogany
modely, The rectangular wing was used for the tests re-
ported in reference 3. The tip plan forn of the wing is
conposed of two quadrants of similar ellipses. Tae
N.A.CeAo 23012 profile 1s maintained to the end of the
wing and, iIn elevation, the maximum upper-surface section
ordinates are in one plane. The wing was sct at 0° in-
¢idence in all positions. The fuselage is circular in
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cross section and was made from the dinenslons given in
reference 7 for the circular fuselage.

The fin was nade to the N.A.C.A. 0009 section and,
in plan form, 1s representative of the fins used on the
average alrplane. The arca of the fin 1s 45 square
inches; the ratio of fin area to wing area is 0.08; the
aspect ratlo of the fin is 25 and the distance from the
assuned position of the center of gravity of the model to
the trailing edge of the fin is 0.455 times the wing
span.

The 20-percent-chord split flap, made of 1/16-inch
steel plate, 1s attached to the wing at an angle of 60°.
and extends over 60 percent of the span at the center
section. For the nmidwing and the high-wing positions,
the center section of the flap was cut away to allow for
the fuselage. The gap between the flap and the fuselage
was sealed for all conditions,

TESTS

The fuselage was tested alone and in combination with
the wing as a high-wing, & midwing, and a low-wing mono=-
plane. For each wing position, the combination was tested
with 00 and 59 dihedral and with the split flap deflected
0° and 60°., Tor all fuselage-wing combinations, tests
were made beth with and without the fin,

Every model conmbination was tested at angles of yaw
of 0°, =10, =x20, x£3°, x5°, 79, *10°, and 15°. At each
angle of yaw, tests were made at anglos of attack of =50,
50, gnd 15° for a flap deflection of 0° and at angles of
attack of -10°, 0°, and 10° for a flap deflection 60°,
Tests were also made for all nodel conbinations at 2° in-
tervals of angle of attack from =-10° to the stall at yaw
angles of «50 and 50,

The tests were made at a dynamic pressure of 16.37
pounds per square foot, which corresponds to an air speed

of about 80 miles per hour under standard conditions. The

test Reynolds Number was about 609,000 based on the chord
of the wing.
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RESULTS

The data, with primes. to in&zcato wind axes, are gilv-
en in standard nondimensional coefficient form. The coef-
ficlents for the fuselago are based on the wing dimensions.

Oy!t, 1ataral-fo¥ce“pogfficient (¥Yv/qs).

Ci', rolling-monent coefficient (L'/qSb).

Cp'y _yawing-ﬁoment coefficlent (¥!/qShH).
where Y! is lateral force,

Lt, 7r0lling monent.

F!y, yawlng monont.
qs» dynanmic pressure (1/2 pvV2),
V¥, tunpel-air velocity.
py &air density.
S, wing ares.
b, wing span.

and o is angle of attack.

c, chord.

y!, angle of yaw, degrees (positive when the model
is yawed tc the right).

I'y dihedral angle of plane of scctlon chord lines
exclusive of tip portion.

8s flap deflection. .

The forces and the monents have been glven with re-
spect to the wind-tunnel system of axos that intersect in
the model at the center-of-gravity location shown in figr
ure 1,

The lateral force, the rolling noneny, and the yaw-
ing noment were corrected for initial asynnetry by deduct-
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ing the values obtained without yaw from the values ob-
tained with yawe The coefficients were Plotted agalnst
angle of yaw; figures 2 to 7 are sample plots.

The stability characteristics, ( > Y
RUR

Cs e

dO dCy!
( > ’ and ( s .were obtained by nmeas-
v ey avt /o.g. .

uring at zero yaw the slope of the curves of the coeffi—
cients against sngle oﬁ_yaw. These values aré given as
talled points in figures 8 to 20. The values gliven as
untailed points were obtained from data neasured at V! =
59 (o variable) by assuming that the coefficients had

a straight-line variastion for the range from 5° to «5°

yawe. The values obtained by this nethod are within the
practical limits of accuracy for the range of low angles

of attack., For some cases at the higher angles of attack,
the values are consideradbly different when there are large
departures from the straight-line variation of the coeffi-
cients with yaw and when breaks occur in the curves as
gshown in figures 2 to 7. The breaks iIn the curves some~
times indicate that the wing is partly stalled for some
angles of yaw. For angles of attack near the stall, the
variation of the stability characteristics with angle of
attack 1s expected to be discontinuous depending upon the
eritical nanner in which the wing stalls. The variation

of the stability characteristics with wing location is
shown for g condition of nedlum angles of attack in figures
21 and 22¢ The values for the wing alone given in flgures
8 to 22 were obtainad from reference 3 and were converted
to the center .of gravity of the complete model.,

DISCUSSION

The tests for which angle of attack was used as a
variable were nade primarily to insure that the wvariation
of the stability characteristics with angle of attack was
not irregular in the 10° aagle-~of-attack interval used in
the tests for which yaw was a variable, The curves in-
figures. 8 to 20 show that the stability characteristics
change gradually with angle of attack except for the an-
gres ofrattack near the stall, where the Talues atro known
to be irrcgular or indeterninate. —
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The curves in figures 21 and 22 are given to show
the general variation of -the stability charactoristics
wlth wing position. Although corresponding curves for
other conditiens will be somewhat similar, the actual vale~
uves change considerably with angle of attack. It should
be remembercd that the data are for a fixed vertical tail;
no rudder deflections were possible.

Wing. and fuselage.~ .The vélue of the change of
d0yt/ay! with I varied considerably for different wing-

fuselage combinations, although the average was about the
sane as that obtained for wings alone, 0.00021 per degree
{referencs 3). In generel, increasing I algebraically
increased daCa'/aV¥'; the amount, however, was small. No

regular change in dCy'/d¥! with T was shown.

The values of dC,'/dy! usually decreased algebrai-

cally as the wing was moved from the high to the low posi~
tion, as is shown in figures 21 and 22. With the wing in
the midposition, the effect on dCl'/dW' of wing—~fuselage

interference was small, being equlvalent to an increase in
dihedral of less than 1° for most of the angle~of-attack
range., With the wing in the high position, the interfer-
ence was equivalent tc an increase in effective dihedral
of about 3% %0 59, In the low position, the interference
effect changed considerably with angle of attack.

The effect on 4dCp'/dy! of wing-fuselage interference

was snall and acted to reduce the instability of the fuse-
lage. The interference generally increased as the wing
wag noved from the high to the low-position.

The values of dCy'/dyY! were quite appreciadbly af-

fected by flap deflection. With the wing in the midposi-
tion with zero dihedral and flaps undeflected, the wing-
fuselage interference was negligible but increased when
the wing was noved to either the high or the low pesition
and also when the dihedral was 1lncreased. With the flaps
daflected, the interference effects were nogative, tending
to reduce the lateral force. The magnitude of the inter-~
ferocnce was greatest when the wing was in the midposition,
the resultant lateral force helng approxinately zero.

This characteristic cannot be explained, but it may have
some effect on the sideslipping characteristics with é¢if-
ferent flap deflections. -
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Fin nand fuselage.~ The characteristics of the fuse~
lage=fin conbination are shown in figure 8. The valuc of
the increase in dcy'/dW' is sligzhtly loarger than would
be expected of an airfoil of the same aspect ratlio as the
fin but without the fuselage interference (reference 8).
The change in dCy!'/dVY! with angle of attack is of the

order expected from aCy'/dy! and the vertical-~tail po-
sition; the change in dC,!'/daVY! produced by the .fin isg

sonecwhat lcss than would be expected from the change in
dCy'/ay! and the tall length. :

Wing, fugselase, and fin.- The coantribution of the fin
to d01'/dW' is equivalent to an increase in dihedral of

from 1° to 4° (figs. 8, 21, and 22). Although of interest
in relation %o inherent stability, this contribution
should not be counted when dihedral for naneuvering is
considered becauwsc a novenent of the rudder to obtain
sideslip will act to counteranct this effective dilhedral.

The effcctiveness of the fin in changing dC,!'/ay?
and dGY'/d\W was dependent upon wing position, angle of

attack, and flap angle. Moving the wing downward on the
fuselage increased the effectiveness of the fin, the nmaxi-
nun effectiveness belng greater than that of the fin and
the fuselage without the wing. No explanation of this re-
sult is forthconing at present. A nunber of posslibilities
were consideored, such as angle of attack, wing wake, influ-
ence of the wing-tlp vortices, and turbulencc effects.
These c¢ffects, however, should vary with anglec of attack
and no such large variation was shown by the results.

CONCLUSIONS

1. The value of the wing-~fuselage interfecrence offect
on dCy'/aVv!, the slope of the curve of rolling-monent

coefficient agalnst yew, wag snall when the wing was nount-
ed in the nidposition, beilng equivalent to an increase in
offective dihedral of about 1° or less.

2« When the wing was shifted to the hiligh positlon,
the wing~fuselage interference on d€y!'/dVy' increcased,
being equivalent to an inecrease in dihedral of the order
of 4°; with the wing.in the low position, the interference
variocd congideradly with angle of attack.
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3. The change in aCy'/ay! for a given change in

wing dilhedral was generslly not greatly affocted by the
wing-fuselage interferenco.

4, With flaps deflected, the wing-fuselage interfer-
ence appreciably reduced the lateral force; without flaps,
this interference was negligible.

5. The offectiveness of the fin on dCp'/davy?!, the
glope of the curve of yawing-ﬁonent coefficlient agalnst
yaw, increased as the wing was noved downward on the fu-
selage, the naximun offectliveness being greater than that
of the fuselage~fin combination and occurring with flaps
deflected. ' ’

6. Moving the wing downward on the fuselage generally
tended to increase the effectiveness of the fin on dCl'/dﬂﬂ

and on dCyt'/ay, +the slope of the curve of lateral-force
coefficient against yawe.

Langley Menorial Acronautical Laboratory,
Wational Advisory Comnittee for Aecronautics,
Langley Field, Va., August 22, .1939.
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A and B are quadrants of similar ellipses.
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Figure 1.- Drawing of N.A.C.A. 23012 wing in combination with
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