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NATTONAL Anvmaér COMMITTEE FOR AERONAIFTICS

RESEARCH MEMORANDUM

LATERAT, STABILITY AND CONTROL, CHARACTERISTICS GF AN AIRPLANE
MODEL, HAVING A 42.8° SWEPTBACK CIRCULAR-ARC WING
WITH ASPECT RATIO 4.00, TAPTR RATTIO 0.50,
AND SWEPTBACK TATL SURFACES

By Kenneth W. Goodson and Paul Comisarow
SUMHMARY

Tests were made in the Langley 300 MPH 7~ by 10~foot tummel of
an eirplene model having a 42.80 sweptback wing with an aspect
ratio .00, taper ratio 0.50, a 42.8° sweptback horizontel teil, and
a h0.3° sveptback vertical teil to determine the low-speed 1ateral
gteb11ity end control charecteristics. A series of changes including
lovering the wing, incorporating a smaller-finemesa-ratio fuselage,
and increesing the vertlcal-tsil size were made to improve the
aerodynemlc characteristics of the original model configuration.

The effective dlhedral for the semlhigh clrcular-erc wing
roached a maximm positive valus at a 1ift coefficient corresponding
to that of wing-tip stell. The meaximum valus of C-q* occurred at e

higher 1i1ft coefficient when split flaps end nose flaps were
deflected because of the improved flow over the sharp leading edge
of the wing. Incorporation of 5°51' of geometyric dihedral and wing
fillets Into the low wing epproximately compensated for the decreoase
in effective dlhedral caused by lowering the wing.

The directionsl stabilllity for the semihigh wing was very low
but was improved when the split emd nose fleps were deflected. The
model was directionally wmsteble at 1ift coefficients sbove the
stall, but lowering the wing, incorporating saversal degrees of
geametric dlhedral, and edding wing fillets made the model &irec~
tionally steble for the fleps-neutral configuration. The low wing
improved the directional stgbility through the 1ift-coefficient
range up to stall for the flepe-neutral configurations.
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The ailleron effectiveness decreased with increase in angle of
attack for down alleron deflsctions “but remained nearly constant
for up deflections. -

INTRODUCTION

The accelerated development of Jet propelled alrcraft during
World War II resulted in the creation of motors (turbojet, ram jJet,
and rocket) capable of propelling alrplanes at gupersonlic speods,
Alyplanes that are to fly through the transonic into the supersonic
renge are radlical in design and present many low-epesd stability
problems. I+t is therefore desirable to make low-speecd wind-tunnel
tests in order to predict the low-speed stebility characteristics )
of proposed supersonic alrplanes.

This report presents the low-speed stebility and control
characteristica of a specific alrplane. The model of the alrplane
togted had a clrcular-arc wing with 42.8° gweepback, 4.00 aspect
ratio, 0.50 taper ratio, & 42.8° sweptback horizontel tall, and
a 40.3° sweptback vertical tail. The original model configuration
was tested with a semilhigh wing. A series of changes including
lovering the wing, Incorporating a smaller-fineness-yratio fuselage,
and using a larger vertilcal tall were made to improve the sero-
dynamic characteristics of the model. The nature of the investi-
gatlon accounts for the fact that only limited data were obtained
for some configurationss. - -

The longitudinal stabili ty and control characteristics of the
model are presented in reference 1.

An investigation (reference 2) was made on a similar model
with a 45.1° sweptback wing heving an aspect ratio of 2.50 and a
"taper ratio of 0.42. The wing had an NACA 65-110 airfoil section.

COFFFICIENTS AND SYMBOLS

The resulte of the tests are presented as standard NACA coef-
ficlents of forces and momerits. Rolling-moment, yawing-moment,
end pitching-mioment coefficients are referred to the test center
of gravity showm in figure 1 (26 percent mean',aerodynamic. chord) «
The data are referred to the stability axes, vhich aere a system
of axes having thelr orlgin et the center of gravity and in which
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the Z-axis ig in the-plane of symetry &nd pernendicular to the
relative wind, the X-axls 1s in the plane of symmetry and perpen-
dicular to the Z-axis, and the Y-axis is perpendicular to the plane
of symmetry. The positive directions of the stebility exes, of
engular displacements of the alrplane ancl control surfaces, and of
hinge moments are shovm in figure 2.

The coefficients and symbole are defined as follows:,

cr, 11f% coefficient (I-i;—f;?
Cx longitudinal-force. coeificient (—-—)
Cy side~-force coefficient (——)
C, - rolling-moment coefficlant (—I-'->
qShb
Cm  pitching-moment coefficient (E_é%r)
3
C,  yawing-moment coefficient (;STE)
o _=
Cp hinge-moment coefficient Qj o122
Lift = -2 '
Drag = -X (onlyrat ¥ = 0°) )
X
Y forces along axes, pounds
Z
L
M monents about axes, poumd-feet
N
H hinge moment of control surface, nownd-feet
q free-stream dynamic pressure, poundsper square foot. 5
S wing area (12.70 sq £t on model)

c chord measured perpendicular to wing reference line
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wing mean aerodynamic chord (M.A.C.)(1.85 ft on model) .

root-mean-square chord of control surface back of hinge
line, feet :

wing span (7.12 £+ on model)

rudder control-surface span measured perpendicular to
fugelage center line-

air velocity, feet per sscond

mass density of alr, slugs per cublc foot

angle of attack of fuselage center line, degrees _ .
angle of yaw, desgrees

anéle of root chord of sfaﬁilizer measuwred with respect

to fusslage center line; positive when trailing edge
is down

‘rudder deflection measured in plane parallel to fuselage

center line, degrees . e PR

alleron deflection measured in plane perpendicular to
wing refercnce line, degrees (aR, ay, right and

left, respectlvely) .

split-flap deflectlon measured in plane perpendicular to.
wing reference line, degrees o . _ .

plain flap deflectlon measured in plane perpendicular to
wing reference line, dsgroes

nose flap (wing lesding edge) deflection measured in plene
perpendicular to wing reference line, degrees

goometric dihedral angle, degrees (measured with respect
to chord plane and normel to plane of symmetry)

12
agpsct ratio 5

angle of aweepback measured to leading edge, degrees
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A ' taper ratio ( I-%f;‘z—cézh%;—g

M, fres-stream Mach number

Subgcript:

¥ denotes partisl :d.erivatives pf coefficient with rgspec"b to

aC,
yaw, for example, sz =¥

DESIGNATION

In a previous paper (reference 2) 1t was found desirable to
designate the swept wing and tail plan forms in an abbreviated
mannsr. This method of designetlon will also be followed in thils
paper. The abbreviated designation is as follows:

Sweepback - Aspect ratio - Taper ratilo
A A : A

For example, in a wing designation of the form
1!—2-8 = 1!--00 - (_).50

the number proceding the first dash (42.8) gives the sweepback A in
degress measursd with reepect to the leading edge,; the number
following the first dash (4.00) gives the aspect ratio A, and the
number following the second dash (0.50) gives the tbaper ratio A.

MOIET, AND APPARATUS

The large fuselage model tested consisted of a 2.8 - L.00 -
0.50 wing, a 42.8 - 3.87 - 0.49 horizontel taill, and a 40.3 - 1.26 -
0.3 vertical tall. The wing bad a l0-percent-thick circular-arc
airfoil measured normal to the wing reference line (fig. 1). The
horizontal tail had an NACA 65-008 alrfoil section measured per-
pendicular to the tail reference line. The vertical tall was made
of a thin steel plate. The large fuselage (figs. 1l(z) and 3) was
designed in such a menner as to facllltate testing the wing in a
semihigh (I'= 0°) and in a low (I' = 5951') position as shown
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in figure 1(a)}. The circular-arc, aspect ratio 4, wing was
constructed of mehogeny and was fltted with 20-percent-chord split
fleps and with 15-percent~chord nose flaps (measured perpendicular
to the wing reference lipne). The split fleps and tho nose flaps
are shown deflected in figure 4. The split-flap deflection angle
was measured between the lower contour of the wing and the flap
surface, and the nose-flap deflectlon was measured with respect to
the chord lines of the wing and the nose flsp. (See section A-A
of fige. 1.) A drewing of & slot in the wing leading edge is showm
in figure 5. The lerge fuselage was fitted with a flat-top dorsal
as shown in the three-view drawing of figure 1(a). The semihigh
wing was tested without wing fillets, vhereas the low wing was
tested with fillets as shown in the.photograph of figure 6.

~ The large fuselage was replaced by a fuselege (figs. 1, 7, and 8)
having smaller length and dlameter and a higher flneness ratlo
(9.46 versus 7.89). The small Ffuselage had a shorter noss length
than that of the largs fuselage. The wing was tested 1n the low
position shown in the three-view drawing of figure 1(b). The wing
of the small fuselage had a 20-percent-chord plain flap and aileron
(measured perpendicular to the wing reference line). The plain
flap eand the aileron deflection angles were measured between the
wing chord.line and the respective flap or aileron chord line
(fig. 1(b)}. The small fuselage had a verticel teil (smell) of the
seme plan form as the large fuselage but used an NACA 27-010
alrfoll section instead of the thin steel plate. The model was
also tested with & large vertical tail (fig. L1(b)) having &
40.3 - 1.35 - 0.35 plen form. The large veriical tall consisted
of an NACA 27-010 airfoil section at the root and an NACA 27-008
eirfoil section at the tip. The horizontal tall was the seme as
for the large fuselage. Several dorsel and ventral falring
configurations, shown in figure 9, were tested with the large and
the small vertical tails. The lower vertlical tail is sghown in -
flgure 9. A drawing showing the wing stall-control vane or fence
used on the model is shown in figure 10. The selection of this
vane wes determined by tests of reference l. In order to faclli~
tate the Installation of the horizontal tail in the raised positions

(fig. 11), a f%Finch-thick steel plate of the same plan form as the
large vertical tail was used. The physilcel characteristice of the
model are presented in teble T. '

The rudder hinge moments were meesured with a resistance-type
strain gage and a Brown potentlometer. _

|
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For some tests a net made of i%-inch chord, and having a mesh

measuring l% inches on a slde, wes installed (fig. 3) upstream of

the modsl to increese the turbulence factor of the tunmnel, thus
Increasling the effective Reynolds number of the tests.

TESTS AND RESULTS
Teat Conditlions
The teste were made.at dynsmic pressures of about 40.0 pounds

per square foot, corresponding to an airspesd of about 125 miles
per hour (M, = 0.16). The tests were made at a Reynolds mumber of

gbout 2.15 X 10° based upon the mean asrodynsmic chord of 1.85 feet.
The turbulence factor for the tumnel is not known but is belisved
to e approzimately 1.0 because of the .high twmel contraction
ratio (1k:1)s

'Several tests were made at a turbulence factor of 2.2 with the
turbulence net installed in the tunnel upstream of the moﬁ.e% The
effective Reynolds mtm'ber thus obteined was sbout 4.82 X 10

Corrections
Tares were not applied Inasmuch as they were considered

negligible g determined in tests of reference 2. Jet-boundary -
corrections were computed as follows (reference 3) :

= oyt l.hEGLM
Cx = Og, - 0.020361,1\[2

= CmM + 0.010(::\-_M (for tail on)

where subscript M denocbes measured valus.

All force and moment coefficilents were corrected for blocking
by the method of reference l.
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The data have been corrected for the horizontal buoyancy caused
by the longitudinal static-pressure gradlent in the tummel.

Presentation 6f Results

At outline of ths figures presenting the results of tests made
on the model 18 presented below:

Figure

Semihigh wing with large fuselage (I = 0%), thin vertical tail:
L&'beral'stabili'by derivativeﬁ “« s e e 3 & e & ¢ &8 ¢ 4 & v e @ 12
Aerodyneamic characteristics In yaw « & ¢ ¢ ¢ o o 0 o o o o & 13

Lov wing with lerge fuselege (I' = 5.7°), thin vertical tail:
Lateral-stability derivatives « « « + ¢ o ¢ o o ¢« o ¢ o + o+ « 1k
Aerodynemic characteristicg Inyaw v &+ v + ¢ ¢ ¢ ¢ v ¢« « o o 15
Effect of Reynolds mumber « s o o « o « o 5 o o o « o « 16 and 17

Wing-alone asrodynamic characterigtics in yaw (F = 3.0°) . . . . 18

Tow wing with emall fuselage (I' = 3.0°), mmall vertical tail:
Effect of dorsal and ventral Pairings on the aserodynamlc
characteristice In JFaw « « &« « ¢+ ¢« s ¢ ¢ o o+ ¢ o o o s « « 19
Lateral-stabllity derivatives « ¢+ ¢ ¢« ¢« ¢ ¢ s e 6o ¢« s & o« « » 20
Aerodynemic characteristice In yaw + ¢« ¢ ¢ ¢ ¢« o ¢« o ¢« « ¢« « 21

Low wing with small fuselage r = 3.00), largs vertical tail:

Effect of dorsel falrings on the aerodynamic characteristics

1IN FAW ¢ s ¢ o ¢ 2 ¢ o a4 o ¢ o o o s 2 s x s s e s e e s . 22
Lateral-gtability derdvBtives « ¢ ¢+ ¢ s ¢« o ¢« ¢ ¢ s o « « « » 23
Aerodynemic charscteristics In Jaw .« « « o ¢ 0 o o« « o « o« » 24
Effect of horizontal~tail locatlon on the aerodynamic _ )

characteristics in yaw (thin vertical tail) .+ « « « o « +» 25
Effect Of Stall"con'bl‘ol vane in yaw L O Y N ’26
Effect of aileron deflection in yaw, with and without _

the stall-control vanse + o « « « o o« o o o s 6 ¢ o+ o s o 27
Effect of rudder deflection in yaw .« o ¢ o ¢ o « s s o s « +» 28



NACA RM No. LTG3L 9

DISCUSSION

Semihigh Wing with Large Fuselage (Smell Thin Vertical Tail)

' The effective dihedral for the flaps-up condition reached a
maximm at & 1ift coefficient of about 0.25 (fig. 12(a)). The
naximum values of Czwy wore delayed when the split flaps end nose

fleps were deflected. (See fige. 12(a) and 12(b).) The maximum
values of C, occour at sbout the same 1ift coefficient as wing-tip

stall. (See tuft sketches presented in reference 1.) The tuft

gtudies showed that the stsll at the wing tips and slong the sharp

leading edge was delayed considerably with deflecction of the split

flaps and nose flaps. A 60-perceni-span slot (fig. 5) caused the

maximum velue of C; to occur at a higher 1if% coefficient (Pig. 12(a)).
¥

The directlonal stabllity wae very low through the smell yaw
range (figs.12 and 13), being almost neutral for the flaps-neutral
configuration. The extent of the flat spot cen be seen in the
yawing-moment curves of filgure 13. The flst spot in the yawing-
moment curve might be atiributed to the flow bresk away near the
root of the vertical taill as mentioned in reference 2 and also to
adverge sldewash condltions. The model becames directionally
wstable when the semihigh wing is completely stalled for both
the flaps neutral and deflected condition.

The large symbols plotted on the perameter curves are values
of slopes measured from tests through the yaw range. The stebility
rerameters were computed from tests made through the angle-of-attack
range at ¥5° of yaw.

Low Wing with Large Fuselage (Small Thin Vertical Tail)

There was very little increase in effective dihedral (figs. 12(a)
end 1k(a)) for the complete model with flaps neutral when the wing
vas lovered which indicaetes that incorporation of 5°51' geometric
dihedral in the low wing and the addition of wing fillets just about
compensated for the reduction in effective dihedral caused by
lowering the wing. Data were not obtained for the tail-on,
wing-fillet~off configuration, but deta for the tall-of?,
wing-fillet~off and wing-fillet-on configuretions (fig. 1k(a))
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show that addition of the wing fillets to the low-wing model

(tail-of f}) decreased the effective dihedral. The tail contribution
to the effective dihsdral was greater for the low wing then for the
semihigh wing.

The low-wing model with 5°51' of geometric dihedral end wing
fillets altered the flow characteristice sufficiently to produce
stable yawing moments at the stall (compare figs. 12(a) end 1h(a))
for the flaps-neutral conflguration. Lowering the wing also
increased the directionsl stability (Plaps neutrel) through the
renge of 1ift coefficlents. The addition of wing fillets to the
low-wing conflguration did not appreciably affect the tail-off
dlrectional stabllity of the model (fig. 14(a)). The flat spot
noted in the yawing-moment curve of the semihigh~wing configuration
is present for the low-wing configuration (fig. 15), however,
there 1s8.consldérable improvement over. that of the semihigh wing.
It can be seen that the model ig directionally unstable at angles
of yaw greater than 10° (fig. 15).

The efféct of Reynolds number (in the range'testéd) on the
lateral-stabllity derivatives (fig. 16) 1s neglizible for both
the fleps~neutral and the flaps-dsflected configurations.

Tow Wing with Small Fuselage (Small Vertical Tail)

'The weathercock stability (fig. 19(a)) was slightly less vwhen
the large dorsal and no ventral falring were used than 1t wae with
~the flat dorsal and a ventral falring. The ventral-falring

contribution to the directional stebility was negligible, thus
indicating that mont of the directional-stebility changs was
caused by the dorsal.

Although the data of figures 14(b) and 20 are not directly
comparsble, it can bs secn that the directional stabillty for the
small fuselage modsel was increased for all confilgurations tested.
The directional instability at the stall was not improved. The
lower vertical tall (fig. 9) increased the directional stability

v = -0.00070) as shown in figure 21.

Although the low-wing, small-fuselage model incarporated less
geometric dihedral than did the low~wing, large~fuselage model,
there was a small Iincrease in Czw at low-1ift coefficlents.
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This increase was probably caused by lmproved flow condltions
obtained through the use of the smgller fuselage. The maximum
value of G ¥ occurred at a much lower 1ift coefficient and was

of smaller magnitude than that of the model with the large fuselage.
(Compare figs. 14(b) end 20.) This change of maximum C"'\y position

was a result of the smaller span nose Flapse used on the amall
fuselage model.

Low Wing with Small Fuselage (Iarge Verticel Tail)

The results of additional tests made with dorsal and ventral
fairings (fig. 9) for the amall fuselage model with the large vertical
tail (fig. 22) show little difference as cdmpared with the previous
dorsal and ventrel configurations.

It appears (from figs. 20 end 23(b)}) that the use of the large
vertical tall increased the f£lap-down directional stablillty by
approximately -0.0005.

The effsct of horizontal-tail poslition on the lateral charac-
teristics 18 very small (fig. 25) for both the flaps-neutral and
flaps-deflected configurations.

The results of tests made to determine the effect of g stall-
control-vene configuration (fig. 10} are ehown in figure 26.
Comparison of slopes measured from figure 26 with the parameter
data of figure 23 shows that the effect of-the sball-control venes
on latersl stabllity was megligible. -

The alleron effectivenesms (fig. 27) decreases with ircrease
In angle of attack for positive aileron deflections but remains
nearly constent for negatlive deflectlons.. The effect of the stall-
control vanes on the aileron characterisbtics was negligible.

Rudder-control and hinge-moment characteristices are presented
in figure 28. The rudder effectiveness JdCn/d8, at small angles

of yaw 1s about ~0.0010 for both the flaps-neuitrel and the flaps-~
deflected configuretions. Tt appesrs for both the flaps-neutral
and the flaps-deflected configurations that the rudder (5, = 30°)

can hold a sideslip angle of about -12°. For smaell rudder deflec-
tions, the varilatlon of the rudder hinge moment with angle of yaw
is positive at small angles of yaw but becomes negative at large
angles of yaw.
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CONCLUDING REMARKS

© The lateral stability and control characteristics of a model
with a k2.8 ~ 4.00. - 0.50 wing based . ‘upon low-speed. wind-tunnel
tests are summarized as follows:

1. The effective dihedral for the flaps-up, high-wing (I = 0°)
configuration reached a maximum value at a 11f't coefficlent of

about 0.25. The maxlimm valus of C'& occurred at about

- 3
the same 1ift coefficient at which the wing stalled. Nose-flap
deflection increased the 1lift coefficlent at which the maximom CL#

occurred. Incorporation of 5°51' of geometric dihedral and .
addition of wing fillets to the low-wing configuration Just gboutb
compensated for .the decrease in effective dihedral caused by
lovering the wing. ‘The tail contribution to the effective dihedral
was greater for the low wing than for the semihigh wing.

2. The directional stability for the semihigh wing was very
low through the small yaw range, being almost ncutral for the flaps-
neutral configuration, but was lmproved when split flape were
deflected. The model becomes diyectionally unstable at 1ift
coefficients above stall. Iowering the wing, incorporating 5°51' of
goeometric dlhedral, and adding wing flllets increased the dlrec-
tional stability through the 1lift-coefficient range (up to stall)
for the Tlaps-neutral conflgurations.  The modsel also became
directionally stable at the stall for “the flapsmeutral con:f'igura.tion
when the. wing was lowered.

3. The alleron effectivenses decreased with Iincrease In angle
of attack for down alleron d.eflections but remeined nesrly consta.nt
for wp deflections,

Langley Memorlal Aeronautical La.bofatom
National Advigory Committee for Aerona.ut:lcs
Langley Field, Va. .
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TABLE T

PHYSTCAL CHARACTERTSTICS OF A MODEL ?&I'.EI-'A 42.8 ~ 4.00 - 0,50 WING

Horizontal Vertical tall
Win
.8 tail Small Targe

Area, £t° 12.70 2.06 1.54 2.08
Span, In. 85.50 34.00 16.70 20.08
Sweepback of leading edge, deg 42.8 42 8 %0.3 40.3
Aspect ratio 4.00 3.87 . 1.26 1.35
Teper ratio 0.50 0.49 0.31 0.35
Dihedral, deg '

Semihigh wing, lerge fuselage ¢ 0

Lov wing, large fuselage 5051 0

Low wing, emell fuselage 3 Q
Mngle of incidsnce of root chord

with reaspect to fuselage

center line, den 3. . Varles
Mean aerodynemic chord, im. T 22,15
Root chord, in. 28.50 11.75 20.80 | 22.1h
‘Theoretical tip chord, in. 14.25 5,75 6o Tk
Root airfoil section NACA 25~ (50) (05)-(50) {05) NACA 65-008 | NACA 27-010} NACA 27-010
Rip airfoil section HACA 28-(50){05)~(50) {05)| NACA 65-008 | NACA 27-010| NACA 27-008
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ﬂ
Relative wind

Yz

Figure 2 .- System of axes and control-surface hinge moments
and deflections. Positive values of forces, moments, and
angles are indicated by arrows.
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Figure 3.- A three-gquarter rear view of the large fuselage model with a 42.8 -4,00-0.50

wing mounted in the Langley 300 MPH 7~ by 10-foot tunnel. afs = 09 an = 0% thin
steel vertical tall. Turbulence net in tunnel.
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Figure 4.~ Split flaps and nose flaps deflected on a model with a 42.8 -4.00 -~ 0.50 wing.
8y, = 557 ;= 80°.
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Figure 5.- Geometric lines of the circular-arc wing nose slot on a
model with a 42.8-4,00-0.50 wing .
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Figure 6.~ A photograph of wing fillets tested on a model with a 42.8 -4.00 - 0.50 wing.
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‘Figure 7.- Photograph of the small fuselage model with a 42,8 -4.00 - 0.50 ggmg mounted in

the Langley 300 MPH 7- by 10-foot tunnel.
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Figure 8.- Photograph of the small fuselage model with a 42.8 -4.00-0.50 wing mounted 1n

the Langley 300 MPH 7- by 10-foot tunnel. & = 0°; 5 = 0°.
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Figure [0 .- Details of the stall control tested al the
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