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NATIONAL ADVISORY OOMMITTEE FOR AERONAUTICS

- ADVANCE RESTRIUTED REPORT

WIND-TUNNBL INVESTIGATION OF RFFECT OF YAW
OF LATERAL-STABILITY OHARAOTRRISTIOS
' IV . SYMNETRIOALLY TAPEEBD WING WITE A OIROULAR.
' FUSBLAGE HAVING A WIDGE-SHAPED REAR
' ' AND A VERTIOAL TAIL

By-I. 6. Recant and Arthur R. Wallace
SUMKARY

Combinations of an NACA 23012 tapered wing and a cir-
cular fuselage having a wedge-shaped rear were tested in
the NACA 7~ by 10-foot wind tunnel to determine the effect
of wing-fuselage interference on the lateral-stablility
oharaoteristios. The model configurations represented a
high-wing, a midwing, and a low-wing monoplane. Z¥or seaoh
configuration, tests wvere made with a partial-span split
flap neutral and deflected 60° and with and without a ver-
ti0al tail. Teets cf the fuselage alone and of the fuse-
lage with the vertical tall were also made,

. The results are presented in the form bf inorements
of the rate of change in the ococefficlents of ‘relling mo-
ment, yawing moment, and lateral force with yaw caused by
wing-fuselage interferenoe. The coefficients at high
angles of yaw for all model configurations are presented.
The data are comparéd with similar model combinations of
a tapered wing and ciroular fuselage with a pointed rear

-poertion.

The interferenoe effeots on the ‘oombinations with
the wedge~rear fuselage were similar to those on the com-
binations with. the ciroular fuselage; that ie, the inter-
ference reduced the effeotive dihédral of the low-wing
model and inoreased the effective dlhedral of the high-
wing model, and the vertical tail wss more effective on
the low-wing oombination than en the high-wing ocmbina~
ticno' . ) ’



When the flap was neutral, the influence of inter-~
ference on effective dihedral was greater for the
olrcular—-fuselage combinations than for the wedge-—rear-
fuselage combinations. When the flap was defleoted, the
effeot of the interference on the dihedral was more favor-
able for the wedge-rear~fuselage combinations than for
the circular~fuselage combinations. The dlirectional sta-
bility of the model without tail with the wedge-rear
fuselage was more favorably affected by wling-fuselage
interferenoce than the stability of those combinatlons
with the clroular fuselage, dbut the interference had a
more favorable effect on the effeotlveness of the verti-
cal tall of the circular-fuselage models than on that of
the wedge—rear~fuselage models.

At high angles of yaw the wedge-rear fuselage alone
was more stable direotionally than the circular fuselage
alone.

INTRODUCTION

Data are avalilable for evaluatlng the effeot of the
aerodynamlo interference between wing and fuselage and
betweén wing and vertical tail on the lateral~stabllity
characteristics for certain types of model. The effeots
of interferenoe on the oharacteristics of four types of
wing having a partlal-span split flap, both neutral and
defleoted, in combination with a olrcular fuselage are
glven in references 1 and 2. A oomparleon of a circular
and an elliptical fuselage is shown in reference 2. The
effect of the vertical position of the wing on the fuse-
lage 18 glven in references 1 and 2, and the effect of
the longltudinal position of the wing on the fuselage is
glven 1n reference 3.

It was thought desirable to extend this investiga-
tlon by tests of a fuselage of clircular cross geotion dut
tapering to a knife edge (wedge rear) at the rear, because
this shape 18 representative of a commonly used fuselage.
Tests (reference 4) have shown that this type of fuselage
is more stable, directionally, than a circular fuselage
at large angles of yaw,

The present report gives the results of tests of a
wedge~rear fuselage in combinatlon with a wing at three
vertical positions on the fuselage. Eaoh comblnation was
tested with and without a vertioal tall and with and with-
out a partial-~span split flap deflected 60°,




-~ =7 - = .. MODEL. AND APPABATUR . _. .

The tests were made in the NAOA 7~ by l1lO~foot wind:
tunnel with the regular six—-ocomponent balarnce. The tun-
nel and the .balance are described in referenoces § and 6.

The model (fig. 1) was identical with the oiroular
fuselage and symmetrically tapered wing model of refer-
ence 2 exoept for the new shape of the fuselage rear.
For the midwing oombinaticn the ohord line of the wing
was placed on the center line of the fuselage. For the
high~ and the low-~wing combinations the outer surfaoe of
the wing was made tangent to the respeotive surfaoces of
the fuselage. 'The wing was set at 0° incidence with re-
spect to the fuselage oenter line for mnll cases.

The 3:1 symmetrically tapered wing used in the tests
was previously used in the investilgation reported in ref-
erence 7, It has the NAUA 23012 eeotion and the maximum
upper~surface ordinates are in one plane, glving the ohord
plane a dlhedral of 1.459, The wing tips are formed of
quadrants of approximately simllar ellipses. The sweep-
baok of the loocus of one~quarter-chord points is 4.759,
the area is 4.1 square feet, and the aspect ratio is 6.1.

The fuselage 1s the same as the ciroular fuselage
used in the investigations reported in references 1, 2,
3, and B8 exoept that the thlokness in slide elevatlion 1s
increased baok of the 28~inoh station in suoh a way that
the fuselage terminates in a vertical line instead of 1n
a point. The ordinates of the fuselage, whioh will here-
inafter be referred to as the wedge~rear fuselage, are
glven in tabdle 1.

A new vertical tall was oonstructed for the new fuse~
lage. It 1s of NAOA 0009 geotlion and has an effective
area of b3.7 square inches measured to the center line of
the fuselage. (8ee fig. 1.) The aspect ratio of the ver-
tloal tall 1s 2.2, based on the -area as defined and on
the tall span to the center line of the fuselage. The
tall area and the aspeot ratlo are the same as for the
vertloal tall used on the olroular fuselage disoussed in
previous papers of thils stability-investigation serles.

Split flaps, 20 peroent of the wing ohord and 60 per-
cent of the wing span, were made of 1/16~inoh steel, For
the high~wing and the midwing combinations, the flaps



were ocut to allow for the fuselage, and the gaps betweexn
the fuselage and the flaps were sealed., The flaps were
attached with sultable angle blocks at a deflectlion of
600,

TESTS

The test procedure was simlilar to that used in pre-
vious investigations (references 2 and 3). Teats were
made of the model with and without the flaps and with and
without the vertical tail for all wing posltions. 4all
combinations were tested at angles of attack from -10°9 to
20° with the model yawed =59, 09, and 69, A yaw range of
-16° to 509 was investigated for eaoh combination at an
angle of attack 2° less than the angle of attaok for maxi-
mum 11ft at 0° yaw.

. A dynamio pressure of 16.37 pounds per square foot,

which ocorresponds to & velocity of 80 miles per hour under
standard conditions, was meintained in all tests. The
Reynolde number based on a mean wing ohord of 9.84 inches
was about 609,000, Baged on a turbulence faotor of 1.6
for the 7- by 10-foot wind tunnel, the effeotive Reynolds
numnber was about 975,000,

RESULTS

The data are given, in standard nondimensional coef-
flolent form, with reepeot to the stabllity axes and the
oenter-of-gravity location shown in figure 1. The stabil-
ity axes are a system of axes 1n whioh the X axis 1s the
intersection of the plane of symmetry of the alrplane
with a plane perpendicular to the plane of symmetry and
parallel to the relative wind direction, the Y axis 1is
perpendioular to the plane of symmetry, and the 2 axls 1s
in the plane of symmetry and perpendicular to the X axis.
The results of all former reports in thils serles were
€iven with respeot to the wind axes. Data taken from
these reports and presented herein have, therefore, been
oonverted to the stability axes. The stabllity axes are
used beoause, with the stabllity axes, rolling-moment
data are automatioally oorrected for untrimmed pltohing
moments and are less llkely to lead to false conolusions,
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The coefflicients for the fuaelagéhgléne ;nd-for-the )
fuselage with vertilocal tall are tased on the wing ' dimen-
sione. The ooefficlents are defined as follows:

C;, 1ift ocefficlent (L/gS)

Cp drag coeffiolent (D/qS)

Cpn pPitohing-moment coefficient (M/qGS)
Cy 1lateral-force ooceffiolent (Y/qS)

GYW slope of ourve of lateral-foroe ooefficient agalnst
yaw (dCy/ov)

G; rolling-moment ooefficlent (L/qbS)

G‘W slope of ourve of rolling-moment coefficlent agalnst
yaw (dC3/oV)

Cp yawing-moment coefficlient (¥/qb8)

sz slope of ourve of yawing-moment coefficlent agalnst
. yaw (3c, /aV)

A, ohange in partial derivatives caused by wing-
fuselage interference

Ag change in vertical tall effeativeness caused by
wing-fuselage interference

vhere

]

l1ift, rolling moment
drag
lateral foroe
pitohing moment
yawing moment

. LI . .- a
dynamic pressure (% pV )

tunnel alr veloolty



[} alr density'

S wing area

b winz span

T average wing chord

and

a angle of attack corrected to free siream, degrees
al wind-tunnel angle of attack, degrees

v angle of yaw, degrees

8¢ angle of flap deflection, degrees

A angle of wing sweep, degrees

Lift, drag, and pitching-moment coefficlents for the
varlous wing-fuselage arrangementis are presented in fig-
ure 2. The values of & and Op shown in this figure

woere corrected to free air, but in all subsequent figures
no corrections to a' were made. The lateral-stability
derivatives of component parts of the model appear in )
figure 3.

The lncremente of partial derivatives with respect
to the angle of yaw of rolling-moment, yawlng-moment, and
lateral-force coefficlients due to wing-~fuselage interfer-
ence A, and due to wing-fuselage interference on the
vertical tail A; are shown in figuree 4 to 9., The in-
crement A; 1s the dlfference between the slope.for the
wing-fuselage combination without the tall and the sum of
the slopes for the wing and the fuselage, each tested
separately, Thus, A; 1s the change in GCy,, C,,, and

GYW caused by wing-fuselage interference for the model

without the tail., The increment A; 1s the difference
between the slope produced dby the vertical tall with the
wing present and the slope produced by the vertical tail
with the wing absent. The increment A; 1is, therefore,
the change in effectiveness of the vertical tall caused
by the addition of the wing to the fuselage. If, for ex~
ample, the value of an for the complete model 1s de-

sired, the followlng equation may be used:



_cnw = qhw(wing? + Onw(fuselage and tail) + A, Onw + A5 cnw

Yalues f °L¢ and c!¢ for the oomplete model may be

obtaing# in a similar manner.

The values of Q(w, Onw. and °Y¢ used fo compute

A, and A; were obtained from tests at ~56° and 6°2 yaw
by assuming a stralght-line variation between those
rointe., This assumption has been shown in reference 1l to
be valid except at high angles of attaok. Talled symbols
on the curves of figwiss B %9 @ were obtained from slopes
meagured from curves kn figures 10 to 13.

The lateral-stabdility charaoteristice of the oompo-
nent partes of the model at high angles of yaw are given
in figure 10 and the charaoteristics for the various oom~
binations with and without the vertioal tall at high
angles of yaw are shown in fligures 1ll to 13.

DISCUSSION

General Oomments

The 1ift, the drag, and the pitohing-moment coeffl-
clents of the several model combinations are shown in
figure 3. Ae 18 to be expeoted, the high-wing ocombilina-
t1 ons are more stable in pitoh than the low~wing combina~
tions. Inasmuch as the tests were made without wing
fillets, the data for the low~wing ocombinations show the
effeot of the burble at the wing-fuselage Junoture. (See
referenoce 3.)

Lateral Stability at 8mall Anglés of Yaw

- Component parts.- The wing-alone data given on fig-

ure 3 were taken from referenoce 7 and oonverted to the
stablility axes. The data of figure 3 show that the wing
alone with flaps defleoted 1s less stable in roll than
with flaps neutral, The data of reference 7 show a re-
verse relationship. The differenoe is oaused by the faot
.that the resulis of reference 7 weré not correoted for
the oomponent of pitohing moment, whioh was negligible




for flapé neutral but appreciable for flaps deflected.
Lateral force of the wing alone with respeot to the sta-

Pility axis is found t0 be emall with flaps elther neutral
or deflected. When the moments of the wing alone are conm-

puted about pointe above and below the wing to represent
the oenter-of-gravity position for high~ and low=wing
monoplanes, 1t was fourd, as i1s shown in figure 3, that
the change in lateral—stability characteristios 1g very
small,

Ihe fuselage data are also given in figure 3 and ‘are
converted from data of reference 1 to the stability axes
and oorreoted for the wing area used in this paper, Both
fuselagee give substantially similar results. The cir-
cular fuselage, however, 1es seen to be slightly lese un-
stable in yaw than the wedge-rear fuselage. This result
is in agreement with the data of reference 4 for small
angles of yaw. ‘The vertical tail is more effeotive 1n
producing yawing moment in combination with the wedge-
rear fuselage. ’

Wing:fuselagg interference.~ In general, the inter-
ference with the wedge-rear fuselage was very similar to
the interference with the circular fuselage. There are,
however, oertain small differences, whioh 1t might Dde
well to point out.

The increment 18307, (fig. ' 4) for flap neutral 1is

greater. for the oircular fuselage over most of the angle~
of-attack range. Tor flaps defleoted thé opposite 1s
true for the high wing and, over a small angle-of-attaok
range, for .the low wing. -¥igure '4 shows the tendency for
the flaps to inorease Aiciw more when added to the

wedge-rear-fuselage combination than when added to the

oircular-fuselage combination. The effeot of the durble
a few degrees before oomplete.stall 1ls clearly shown dy
the abrupt ¢hange in the ourve for AIG‘W for flap neu-

tral. For flaps defleoted, the burble occurs t00 close
to the complete stall to show ‘cledrly in the ourves, dut
it ie probably responsible for the fact that the stall
ocours 2° earlier for the lov wing. . :

With flaps neutral the increment A,cgw (f1g. B)

i1s more ptabilizing.for the_ypdge-resr fuselage for all
three wing positions except for the midwing combination
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~--at anglee- 0f attack above 10° where .the.increment 1s adout

the same. The result i1s the same for the conditlion wlth
the flap deflected except that, at angles of attack above
109, the interferenoe for the circular fuselage becomes
more stebilizing.

The increment 4;0yy (fig. 6) 18 about the same for

either fuselage, although 1t showeg greater varlation wlth
angle of attaok for the wedge~rear fuselage.

Effeot of wing—-fugelage interference on vertical
t8il.~ The increment Aaclw (fig. 7?) is rather small and

erratic, as might be expeoted, The dlfference between
the incremsntg for ihe two fuselarse shapes 1s8 muoh greater
with the flap neutral than with the flap deflected.

The increment Aacnw (fig. 8) ig, in general, more

stabilizing for the circular fugelage than for the wedge-
rear fuselagze. The dlfference between the values of
Aacnw for the two fuselagee 18 most marked when the wing

1s in the low position., ZFlap deflection also increases
the difference.

The lateral force inorement Aacyw 1s about the

game for both fuselages for the low—wing arrangement.
With the midwing combination, the wedge-rear fuselage has
a more posltive Aacyw, and wlith the wing in the high

position, a much more positive (lese negative) Aacyw.

Lateral Stabllity at Large Angles of Yaw

Comvonent parts.~ Rolling-moment ooefficlente (fig.

10(a)) due to the fuselage and to the fuselage with tall
are small, as would be expeoted. Yawing moments (fig.
10(b)) of the fuselages alone at low angles of yaw are
nearly the same. At high angles of yaw, the circular
fuselage 18 more unstable. With the tall on, the range
tested for the olrcular fuselage 1s too small to deter-
mine the dlfference at high angles of yaw but at low
valuee 0f yaw the two fuselagee are about the same. DIat-
eral foroe (fig. 10(o)) for the fuselage alone 1g higher
for the wedge-rear fuselage at high values of V. This
oonditlon 18 1n agreement with the more stable yawlng
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moments of the wedge—~rear fuselage in thie range. Ae the
angle of attack 18 increased, the wedge-rear fuselage de-
velops less lateral force and beoomes more unstadle at
large angles of yaw.

The complete model.—- The plots of rolling-moment

coefficients (figs. 11(a), (b), (c), (d)) ehow again the
favorable interference for the high-wing combination and
unfavorable interferenoe for the low-wing comdbination
except for the low-wing oombingtion with the flaps neu-
tral. As may be seen in figure 4, thils combination was
tested at a greater angle of attack than the angle of
attack at whioh the burble at the wing-fuselage Juncture
occure. Because of the burble, the interference 1s as
favorable for the low-wing combination as for the high-
ving combination at erall englee of yaw. The decrease 1in
effective dlhedral of the low—~wling comdination at large
anglea of yaw may be due to the tendency of the alr flow
to revert to the flow condition before the burble. This
decrease 18 not caused by the stalling of one wing tip,
becauese the 1ift decreased more rapldly wlth yaw for the

. high~wing combination, which did not exhibit the marked

reduction in slope of the rolling-moment-coefficilent
ourve shown by the low-wing combination., With flaps de-
fleoted, the low-wing combinatlion has negatlve effective
dihedral, as would be exvected from the interference
plote.

A comparison of the yawing-moment coefficlents pro-
duced by the wedge-rear-~fuselage model and the c¢iroular-
fuselage model 1s made in figure 12, The oircular-
fuselage model had a wing with an angle of sweep of 14°,
Data for this combination are given beaause 1t was the
only olroular~fuselage oombination tested at an angle of
yaw above 16°, Unpublished data have shown that the ef-
fect of sweep on yawing moment 1s small and should there-
fore not materlally influence the oomparisgon.

With the flaps neutral (fig. 12(a)), the wedge-rear
fuselage i1s more stable up to about 23° yaw, although the
differenoce in sweep of the wings tends to favor the
eciroular~fuselage oombination slightly. Beyond an angle
of yaw of 22° there 1s not much differenoce between the
two fuselage oombinationes, The stabllity of the wedge-
rear oombinations at large angles of yaw 1s not so great
as would be expeoted from a comparison of the test results
of the two fuselages alone, When the flaps are defleoted
(fig., 12(b)), the wedge-rear fuselage with the high-wing

<—-
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combination shows greater stability than the ¢ircular

fugelage, but with the low—~wing combination both fuselages
have about the game stability. The effeot of flap deflec-
tion ig probably greater than the effect of fuselage shape.

The lateral-force-~coefficient curvea (fig. 13) are
qulite regular. ZXor flaps neutral there is no conselstent
difference between the two fuselage combinatlions, The
deflectlon of flaps increases the lateral-force coefficlent
developed by the low-~wing combination but does not mate-
rially change the charscteristics of the high~wing combina-
tion.

CONCLUSIONS

For amall angles of yaw there was very little differ-
ence between the lateral-stability characteristics of the
wedge~rear fuselage and those of the circular fuselage.
Some of the amall differences were as follows:

l, The increments of rolling-moment coefficient due
to wing-fuselage interference for flaps neutral were
greater for the circuler fuselage, that ia, were more
stabllizing for the high~wing combination and more desta-
billizing for the low-wing comdination.

2. With flaps deflected the increment of rolling
moment due to wing-fuselage interference was more stabl-
lizing for the wedge-rear fuselagze for all model config-
urations.

3. The increment of yawing-moment coefficlent due
to wing~fuselage interference was more stabilizing for
the wedge~rear~fuselage comblnation.

4. The effect of wing-fuselage interference on the
vertical tall tended to make the circular~fuselage combl-
nation more stable directionally than the wedge-rear-
fuselage combination regardless of wing position or flap
deflection.
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At large angles of yaw, the wedge-rear fuselage
alone wae more stable directionally than the circular
fuselage but, in combination with the wing and the verti-
cal tall, there was very little difference between the
yawing—nomant coefficients of the two fuselage combina-
tions.

Langley Memorial Aeronautical Laboratory,
Fational Advisory Conmittee for Aaronautics.
Langley TFleld, Va,
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TABLR I.- DIMENSIONS OF WEDGE-REAR YUSELAGE

I Station Radius Depth
(1n.) (in.) - (in.)

0 0 o]
.312 773 1.544
.812 1.242 2.484
1.312 1.572 3.144
2.312 2.044 4,088
4,312 2.660 65.300
8.312 2.238 6.476
12,312 3.410 6.820
16,312 5.440 6.880
20.312 3 @8.408 6.812
24.312 | &.268 6.536
28.312 3.9%0 5.980
1 32,312 2,516 5.134
34,312 1 8.174 4,710
36.312 1.698 . 4.287
38.312 1.000 3.863
39.312 . 548 3.652
40,312 o] 3.440

Radlus__

T
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Figure 1.- NACA 22012 wing in combination with a wedge-rear
fuselage and a tail of NACA 0009 section.
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