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By Marvin Schuldenfrei, Paul Comisarow,
and Kenneth W. Goodson

SUMMARY

Tests were made of an airplane model having a 45.1¢ swépt back
wing with aspect ratio 2.50 and taper ratic 0.42 and a 42.87 gwept-
back horizontal teil with aspect ratio 3.87 and taper ratio 0.49 to
determine its low-speed stability and control characteristics. The

test Reynolds number was 2.87 x 106 based on a mean aerodynamic
chord of 2.47 feet except for some of the aileron tests which werse

made at a Reynolds number of 2 05 x 106

With the horizontal tail located near the fuselage Juncture on
the vertical tail, model results indicated static longitudinal insta-
bility above a lift coefficient that was 0.15 below the lift eoeffi-
clent at which stall occurred. .Static longitudinel stability, how-
ever, was manifested throughout the 1lift renge with the horizontal
tail located near the top of the vertical tail. The use of 10° nega-
tive dihedrsl on the wing had little effect. on the static longitudinal
stability characteristics. : .

Preliminary tusts of the complete model revealed an undesirabls
flat spot in the yawing-moment curves at low angles of attack, the
directional stebility being neutral for yaw angles of #2°. This
undesirable characteristic was improved. by replacing the thick
original vertical tail with a thin vertical tail and by flattening
the top of the dorsal fairing.

The effective dihedral was reduced and the directional stability
was Increased either by incorporati ing negative geometric dihedral in
the wing or by edding end plates under thec wing tips.
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The ajlerons exhibited a very large increase in up-floating
tendency for angles of attack greater than 14°. With flaps down,
the ailerons could not trim the model in roll for sideslip angles
greater than about 10°. _ -

* . INTRODUCTION

The present paper contains the results of a stability and
control investigation on an unpowered airplane model having a
45.1° swept-back wing with aspect ratio 2.50, and taper ratio 0.42
and a 42.8° swept-back horizontal tail with aspect ratio 3.87 and
taper ratio 0.49. The investigation was undertaken primarily to
obtain stability and control date on a basic design configuration.
The test program was curtailed when the model was revised for use
in another project. The results are believed to be of interest,
however, inasmuch as they reflect the typical low-speed stability
problems encountered with contemporary high-speed airplane designs.

For the evaluation of longitudinal stability characteristics,
the investigation included stabilizer and tail~off tests with 4if-
ferent wing dihedral angles (I' = 0© and TI' = -10°) over an angle-
of-attack range for the cruising and lending configurations and
tests with a high horizontal tail location (I = -10°) for the
¢ruising configuration. Tests were also made of the wing alone
and to determine the effect of wing end plates in pitch. All
tail-on tests were made with the elevator at 0°.

An investigation was also made with a %g-inch flat-plate

vertical tail and with several dorsal modifications to determine

the best configuration for directional stability. Lateral stability
characteristics were determined for the airplane with different
geometric wing dihedrals and with end plates. Tests were made with
ailerons and spoilers to determine control characteristics.

COEFFICIENTS AND SYMBOLS

The results of the tests are presented as standard NACA coef~
ficients of forces and moments. Pitching-moment, rolling-moment,
and yawing-moment coefficients are referred to the test center of
gravity shown in figure 1 (35.9 percent mean aerodynamic chord).
The data are referred to the stability axes, which are a system of
‘axes having their origin at the center of gravity and in which the
Z-axis is in the plane of symmetry and perpendicular to the relative
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wind, the X-axis is in the plane of symmetry and. perpendicular to
the Z-axis, and the Y-axis is perpendicular to the plane of symmetry.
The positive directions of the stability axes, of angular displace-
ments of the airplane and control surface, and of hmge moments are
shown in figure 2.

The coeffjcients and symbols are defined as follows:

[ Lift
CL 1ift cosfficient | ———
Y
Cx longitudinal force coefficient -—-S-
C pitching-moment cvefficient
o ch
Cy side-force coefficient (L) -
- qS .
Cl rolling-moment coefflcient / —
\asb
Cn yawing-moment coefficient A .
, aSb /*©
s N H
Ch hinge-moment coefficient -
2
. gdb'c
Lift = -2
Drag = -X (only at V¥ = 0°)

X, Y,and Z forces along axes, pounds

L, M,and N moments about axes, foot-pounds

H hinge moment of control surface > foot-pounds
q free-stream dynamic pressure, pounds per square
foot (EZE) '
\ 2 ‘
g effective dynamic pressure at tail, ppunds per square

foot
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wing area, square feet (13 6l) | o
wing mean aerodynamic chord (M A.C. ) feet (2.47)

root-mean-square chord of aileron control. surface back of
hinge line, feet (0. 35) .

wing span, feet (5. 83)

single alleron control-surface span along hinge llne, feet

(1.58)
air velocity, feet per second

sinking speed, feet per minute

mass density of ailr, slugs ver cubic foot
angle of attack of wing chord line, degrees
angle of yaw, degrees

angle of downwaéh, degrees

angle of stabilizer with respect to wing chord line; positive

when trailing edge is down
control-surface deflection, degrees
geometric dihedﬁal angle, degrees

neutral-point location, percent M.A.C: (center-of-grav1ty
location for neutral stability in trimmed flight)

agpect ratio (ba/s)

angle of sweepback measured:td“leédihg edge, degrees

taper ratio Tip chord
\ Root chord

" blocking correction factor

compressibility factor (Ji - MOE )
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M, free~streanm Mach number in tunnel -

W weiéht; pounds © - |

14 | éiide-path angle, degfees -

Subscripts: - |

a " aileron (aR and ap, right'ani left aileron, respec=
tively) T ' |

f -flap

L _ wiﬁg

M | measured

cor cofrected véiueé . 

€8 center of gravity

a and ¥ partial derivatives of a coefficient with reepect to angle
of attacg or angle of ygw example, ch = :zl

DESIGNATION

It 18 convenient to specify = method of designsting wing and
tail plan forms. For the present paper, a numerical designation
1s adopted to indicate in order the sweepback, amspsct ratic, and
taper ratio of the wing and tail surfaces. For example, in a wing
designation of the form '

45.1 - 2.50 - .42

the. number preceding the first dash (45. l) gives the sweepback A
in degrees measured with respect to the leading edge, the number
following the first dash (2.50) gives the aspect ratio A, and the
number following the second ‘dash (.42) gives ‘the taper ratio A

MODEL AND APPARATUS

Bhe model- 15 shown ‘mounted - for - teeting in the Langley 300 MPH
T- by 10-foot tunnel in figure 3, and a three-view drawing of the
model as tested is presented as figure k4.
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The elevator, rudder, ailerons, and wing flap were 20-percent
plain flaps and were flat ‘sided from the hinge line to the trailing
edge, except for the wing flap which was a continuation of the
airfoil section. The reguler and high locationa.of the horizontal
tail as tested are given in figure 5.

Several modification were made on the dorsai fairing and on
the vertical tail (figs. 6 to 8). The vertical tail was replaced

by a gg-inch steel plate of the same plan form as the original teil.

A ventral fin with the dimensions shown for configuration E of
figure 7 was also added below the vertical tail (under the fuselage).

A special wing (of all-wood construction and having no control
surfaces) with the same airfoll sections and plan form as the
original wing was constructed for the purpose of obtaining data
on a geometric dihedral angle of -10°. The geometric dihedral was
changed as illustrated in figures 6 and 9.

A strain gage for measuring aileron hinge moments was inetalled
in the model.

TESTS AND RESULTS

Test Conditions

_Teats were made et a dynamic pressure of'h0,0 pounds per square
foot (Mo =.O.16) for all configurations, except for several aileron

tests for which the dynamic pressure was reduced to 20.1 pounds per
square foot '(MO = 0.12) in order to obtain hinge moments. The corre-
sponding Reynolde number (based on the M.A.C. of 2.47 £t) s 2,870,000
and 2,050,000, respectively. The Reynolds numbers were computed using
a turbulence faetor of unity. The degree of turbulence of the tunnel
is not known quantitetively but is believed to be small because of

the high contraction ratio (14:1).

Corrections
All data have been corrected for tares caused by the model

gupport struts. Jet-beundary corrections, which are approximate
for a swept-back wing, were computed es follows (reference 1):
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Q
1

oy + l.hﬁCLM

- 0.0018 2
Cx = Cxy O.OclBCLM |

Q
[t}

C + 0.015C for tail on
n my 5 LM ( )

All force and moment coefflcients were corrected for blocking
by the following equation obteined from reference 2. This correction
was small and an average velue was used for all computations.

CM[I - éo('é - MQ)J

cor =
where
€0 © €4 + €5 + €4
v fuselage wake
0.00131
eow = -—-5——-»
. B
0.00917
G.O S m———
fuselage Bh
¢ 0.00029
Owake =T 3
~ g

An increment in longitudinal-force coefficient of O;OOlhB has
besn applied to teke into account the horizontal buoyancy effected
by the longitudinal static-pressure gradient in the tunnel for all
tests. , - o -

2
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The following tablé oﬁtiines the fiéurés.in vhich the results

of the present testsare given:

Longitudinal stability

Wing-alone tests « « « « + o ¢« o« . .

Stabilizer tests (c.g. at 35.9 percent M.A.
For T =0 « v v v v v o e o v o o o
For [ = -10° . e e e e e e

Stabilizer tests (c g at d3 0 percent M.A.
For I= e e o 8 e s e e 4 s . .
For T = -100 e e e e e e e e

Sinking speed and gllds-path angle . . . .

Neutral points « + « « ¢ o o o « o o 0+

Dowvnwash and dynamic-pressure ratio at tail

End-plate te8t8 « « v ¢ ¢ ¢ e 0 0 e e e

Contritution of various components to longitudinal

Stﬂbility,‘ P = OO 2 e & e e v v ¢ e s
Lateral stability and control
Dorsal and vertical-tail modifications . .

Lateral-stability derivatives against 1lift
coefficient; P=0° . . . . . . .

Aerodynanic characteristics against angle of

yaw; P=00 . & v v v v o 0 v h e e e
Wing-alone tes%s; I = °. ...
Lateral-stability derlvatlves agalnst lift

coefficient; I'= =10° . . « « « .« « . .
Aerodynamic characterlstlcs with angle of yaw;
End-plate teste; ' =0° . . . . . . . o ..
Aileron tests '

In pltch, F=0° . ¢ v vv v v o

Inyaw; ' =0° . . o v v v v v v o v

DISCUSSION

'Longitudinal Stability

®

‘O-Q-
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Figure
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The date in the present paper are believed to reflect the aero-

dynamic characteristics of the ajrplane at low Mach numbers.
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Lift charaéteristics. The 1lift vharacter*stics are presented
in figures 10 to 17. For the complete model ths 1ift character*
1stics are sumarized as follows:

r=0° r=-10°
(original wing; plain |(dihedral wing, split
flap) ' ‘flap)
| PN _ &n0 PN ‘. &n0
8y =0 B = 50 Bp = 0° | 8= 50
Cr .A-trimmed' c.g. at} - - o
Lpax ) €8 8% Lok 1.02 0.93 . | 1.02
23.0 percent M.A.C.)
AC;, (due to flaps)
At Cp  (trimmed ———- .08 R
At untrimmed @ = 00 | ---< 2k | oeeee 230

For the wing alone (T = O°) with flaps undeflected, the
slope ch = 0.047 (fig. 10). ‘

If the wing had been unswept, it would have had an estimated
value of CLa of 0.065, which when multiplied by cosine A would

have given a value of CLa of 0.050 for the swept-back wing ag
compared with a test value of 0.047. The calculated induced
2

C : ,
drag ;i— is plotted in figure 10 along with the test data. The

curve is fairly similar at low 1ift coefficients and diverges at a
valus of Cp above 0.5.

Sinking speed.~ The low values of lift-drag ratio at landing
lift coefficients for swept wings with low aspect ratio are aseo-
clated with high sinking speeds and limit the pilot's ability to
make a successful landing flare and to make contact at a desired
point. The effect of landing-aid devices on sinking speed was
therefore estimated for e full-scale airplane model with W/8
assumed to be 30.5 at sea level. The effect of flap deflection
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on the estimated sinking’epeed of’é.fﬁll4scalé'model is presented
in figure 18." With flapa retracted (Gf = OO), the sinking speed

" 18 appreciably lower than with flaps deflected (Sf = 500). The

flaps increase the glide-path angle 7 ‘end Cj , only slightly

end thus appear to be quite ineffective as landing-aid devices.
The effect of full-scale Reynolde number on sinking-speed char-
acteristics is not kmown. The sinking speeds shown in figure 18
indicate either that the airplane cannot be flown into ground

. contact but will have to be flared to reduce the. landing-gear -

loads at contact or that power will be required to lend. For a
more heavily loaded airplane, the sinking speed and the velocities
shown in figure 18 increase as the square root of the welght ratio,
and landing without power will be almost precluded.

Static longitudinal stsbility.- The stick-fixed nsutral points
for both the high-speed and the landing configurations were computed
from the data of figures 16 and 17 (c.g. at 23.0 percent M.A.C.)
using a method described in reference 3 and are presented in
figure 19. The average static marging at values of Cp below 0.8
are presented in the following table:

. Static margin
r . : (percent M.A.C.)
(deg) ‘ '
. 0. o
85 = 0 8, =500
0 , | : 9 e 10
-10. . : . .10 ' 11
-=10 (with high e g Ceemean-
horizontal tail) N

. 'Onvthe_basis_of,low-speed wihd%tunnel;;eeté, thé.static longi-
tudinal stability appears inadequate above a lift coefficient which

18°0.15 below that at .vhich stall occurs except with the high -

‘horizontal-tail locaetion.

Downwagh and dynsmic-pressiure ratio at tail.- The average
downwash angles and dynemic-pressure ratios at the horizontal tail
have been determined from the stabilizer tests (figs. 16 and 17 -
c.g. at 23.0 percent M.A.C.) and’'are presented in figure 20 for
flap deflections of 0% and 50°. The values of the slope d¢/on

in the linear range are summarized in the following table:
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T lhes :
(deg) Bp = 0° 8p = 50°
o o owm | e -
-10 . - 38 | 2,.63 
~10 (wing with high R
horizontal tail) . o

_ Brief tuft studies indicated that the initial stall occurred
elightly inboard of the wing tips at Cp « 0.7 and epréad rapidly
to envelop the tip and toward the center section.  The increased
relative loading on the unstalled inboard section of the ving is
thought to account for the large increase in downwash observed at
the tail beyond Cp = 0.7 . ‘with flaps up. Also at hish 11ft coef~
ficients the tail is close ‘to the wake. and. the profile-drag coetfi-
cient for the wing is high, which results in a further increase in
the downwash at the tail.

~ Changing the dihedral angle to -10° had a slight stabilizing
effect on the downwash angles for both flap configuratione, which -
is as expected because of the lowering of the wing-tip vortices.
with respect to the horizontal tail. Changing the horizontal tail
to the high locatlon shown in figure 5 had a marked stabilizing
effect on the downwash angles .for theflaps—retracted.configuraticn,
especially at high lift coefficients (fig. 20(b)). The very large
reduction in downwash at the high tail location causes the model
with the high tail to be stable at the stall, whereas.the original
model wae unstable at the stall (fig 17) : ‘

Wing end plates.- The effect of end plates on the wing is

presented in figure 21 (c.g. at 35.9 percent M.A.C.) for the landing
configuration. The pitching moment indicates a slight increase in
stability for the model with end plates on. With the addition of -
end plates, the slope Cr, shows an increase to 0.060 as compared

with a value of 0.050 without end plates (I' = 0°).

Contribution of various components to longitudinal stability.-
The contribution of the various ¢omponents to. longltudinal stability
is presented in figure 22 (c.g. at.23.0 percent M.A.C.). These
pitching-moment slopes were obtained from the data for the complete
model % = -30) the fuselage-wing combination, and the wing.
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The difference between the pitching-wmoment slopes for the complete
medel apd for the wing-fuselage corbination is the contribution of
the tail, and the fuselege pitching-moment slope was obtained from
the difference of the fuselage-wing combination and the wing. The
curve for the complete model shows thet the model has a stable
pitching-moment slope which rapidly becomes unstable at 1ift coef-
ficients. gbove 0.7.- The most importapt contribution to the insta-
tility of the complete model at the high values of 1lift coefficient
is due to the tail which is in a region of high downwash at large
values of Cr. A higher location of the horizontal tail tends to
‘alleviate this condition. ' o :

The fuselage has an unstable pitching-moment variation, which
shifte the neutral point forward 4 percent at low angles of attack
and Increases with higher angles of attack. A a check, the
pitching moment of the fuselage was also computed (reference L)
and was found to account for a 6-percent chenge in neutial point.

Lateral Stability and Control

Initial tests of the original complete model réveéaled an
undeairable flat spot in the yawing-moment curves at low angles
of attack, the stability being almost neutral for about +2° yaw.
Since thie condition could lead to a constant and annoying Dutch
roll type of oscillabion in flight, a fairly eoxtersive investiga-
tion of the cause of the reduction in stability was made. Tae
1nvestigation indicated that the cause of the low directional sta-
bility at small angles of yaw was sevaration of the air flow at
the rear part of the fuselage. This separation was caused by the
combination of a large boundary layer built up along the fuselage
and an adverse pressure gradient st the tail end of the fuselage
because of the expansion between the fuselage and the horizontal
tall on the verticel tail. Tuft observation confirmed s tendency
toverd separation on both the tail end of the fuselage and on the
~vertical tail below the horizontal teil for small yaw angles.

A number of modifications as shown in figure 7 were made in
an attempt to correct the flat spot in the yawing-moment curve.
The aerodynemic data for these configurations are given in figure 23.
Removal of any of the dorsal fairing arrangements shown (fig. 7)
results in an increase in the directional gtability an, .
about -0.CO04k to ~-0.0009 and has the further effect of maintaining
the restoring force at large angles of yaw. (Compare configura-
tions E and F and configurations H and I of fig. 7.) 'This
action of the dorsal fairings is opposite to that of dorsel fins
on conventional airplenes probably because go much of the dorsal
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area is ahead of the design center of gravity for this type of
model. It is desirable then to keep the dorsal fairing erea ahead
of the center of gravity to a2 minimum. As shown by the modifica-
tion data, it is also desirable to keep the top of the dorssl
fairing (ahead of the center of gravity) rounded rather than ridged
as for the original dorsal. Configuration I was selected as the
optimum configiration from these modifications because it improved
the stebility through the small yaw-angle range to a point et which
it was considered satisfactory and also becauvse it provided space
in the dorsal fairing for the necessary pressurse tubes and control
leads. The optimum configuration (flg. 7, configuration I) consists

of a %8-1nch sheet-steel vertical tail of the original plan form,

with a rounded nose and sharpened tralling edge, and a modified
doresal having a flat top instead of the original ridged top. The
rest of the tests were made with the configuratlon described
(configuraetion I).

General stabilitv characteristics.-'Stability parameters.

%’

Czw, and CYW ‘are given in flgures 2h and- 27 for the revised model

configuration previously described with the o;ig;nal wing replaced
by the similar wing of all-wood construction. Thie wing had pro-
visions for changing the dihedral angle. The stability perameters
were computed from tests made through the angle~of=-attack range

at I5° of yaw. Flap-down tests were made using split flaps of the
sane chora and span (0.20 chord 1/2 semispan per flap) as the
original plain flaps. : B

The wing-fuselage combination terds to become more stable
directionally with increasiung values of Cp, up to 0.8; this effect
is associated with the stability of- the ving.itself rather than
with any wing-fuselage interference since the wing-alone values
taken from figure <6 show the same tendency. The effect is probably
the result of increasing drag difference at higher values of C1,
between the two wing panels for a given change in angle of yaw.
When the tips stall, the effect is reversed, and incrsasing Cp,

decreases the directional stability. The dihedral effect Cz

drops sharply when the tips etall. The deta of figure b indlcate
directional instability at the stall for both the flaps-neutral
and the flaps-deflected configurations. The tail-on directional
stability (for T = 0°) as determined from tests (fig. 24) at
small angles of yaw-(t5) usually is about -0.0008 larger than
values determined from correspondlng yaw tests (fvg z5).

This discrepancy in values is a result of the degree of accuracy
of the two methods used to determine the slopes. The values of
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the parameters CZW and CYW (figs. 2k and 25) obtained by the

two test methodsz compare favorably.

The contribution of the vertical tail to the directional
stability (BCh/BW) has a fairly constant velue of -0.0035 with
o .

undeflected fleps, which is found to be somevhat greater (about

30 percent) than elementary considerations of effective vertical-
tail area, lift-curve slope, and tail length would indicate. Several
investigations (for example, see references 5 and 6) indicate that
the sidewash angle produced at the vertical tail for midwing
arrangements is in the stabilizing direction and may contribute
increages in the vertical~tail effectiveness of the order. found..

It may also be noted that with flaps deflected the directional
stability is greater than with flaps neutral, which is attributed
to favorable wing~fuselage interference effect with flaps deflected
on the stability coniribution of the vertical tail as is shown in
reference 6. :

The increments in an,‘ CIW’ and CYW caused by the addi-

tion of the vertical tail indicate that the center of pressure of
the vertical-tail load is somewhat lower and farther forward than
might be expected. The vertical tail appears to alter the pressure
distribution over the fuselage in such a way as to decrease the
instability of the fuselage. The mutual effect is mentioned in
reference 6.but no deta are available. Tests of an isoclated
vertical tail in the prescsnce of the fuselage would be required

to obtsin such data. :

Effect of geometric dihedral.- The data of figure 2h indicate
that the effective dibedral was excessive. The geometric dihedral
angle of the wing was therefore changed from C© to -10° in an
effort to decrease the effective dihedral. The change in geometric
dihedral extended from the wing tip to the fuselage intersection.

The lateral-sgtability paramcters (for I = -109) of figure 28
compare favorably with the parameters obitained in tests mads at
50 yaw (fig. 27); however, alteration of the dihedral angle to -10°
(fig. 27) increassed the tail-on directional siability an slightly

at a given value of Cp and decréased the effective dihedral Cy

by about 0.0010, or about 0.0001 per degree dihedral change.
Directional instability, however, still occurred at the stall for
the flaps-neutral configuration (fig. 27(a)). The values of ClW

for -10° dihedral were considered to be satisfactory insofar as
their effect on the lateral flying qualities was concerned.
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The data for the configurationswith 0° and -10° dihedral
pregented in fizures 2k and 27 are given about the test center of
gravity. The design center of gravity of the model is hlgher .
(vertically) than tha% used in the presentatiion of the data. "The
vertical transfer of the data from the test center of gravity to
the design center of grevity would decrease’ CZW‘ by ‘about 0.0hcyw,

which amounts to a correction ACIW of about -0.0004 for the

0° dihedral wing and -0.0005 for the dropped wing (-10° dihedral).
It should also be noted that forward movement of the center of
gravity from the test location (0.36 M.A.C.) to the design location-
(0.23 M.A.C.) increases the directional stability by- about -O.Oh5CY

or by about the same numerical magnitude as the effective dihedral
was increaged by the vertical transfer of the center of gravity.

Effect of end plates.- Two slzes of rectangular wing- th end
plates (tip fins) having total areas (for both wing panels) of
10 percent and 20 percent of the wing area wore tested. The con-
figurations and date are given in figure 29. The followmng table
gives the values of slopes measqred from figure 29:

; c c, . |
Fins ) ?'\ll Iy E Y\y

@ =52 8, =0% OCp=0.26

off 0.0024 ‘ -0.0018 : 0..010
Srall 0016 - ~.0023 : .01k
Large .0002 -.0035 .018

Qa4 = loo; 5f = 500; CL = O-SL:

Off 0.00L1 -0.0031 0.012
Small 0026 -.0037 .016
Large .0019 ~-.00ke .021

For the high-speed conditions, the effective dihedral is
reduced to about 0° with lerge tip fine, and an appreciable
increase in directional stebility occurs. The small tip fins also
have a large effect. With flaps down a large decrease in effective
dihedral also occurs with final values of CZW in the normal range

for unswept wings (about -0.0010 to -0.0020).
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Part of the increment in CZW caused by tip fins may be

attributed to the side fcrce acting on the end plates below the
center of gravity. This effect was checked by approximate calcu-
lation of the.side force on the end plates with the end plates
considered as low-aspect-ratio wings with the wing itself acting
as an end plate for the tip fins. The side force on the plates
also accounts directly for the increased directional stability
caused by the addition of the tip fins.

Figure 29(b) also shows that the rolling moment remains
essentially constant for yaw aengles between 5° and 20° with the
large end plates. o :

‘Aileron characteristics.- Aileron effectiveness was measured
through the angle-of-attack renge with flaps up and with flaps down
and the data are presented in figure.30. The effectiveness of the
aileron ‘in yaw is shown in figure 31.' Aileron hinge-moment data
were also obtained as shown in these figures.

For angles of atback greater than about 14°, the ailerons
exhibit a very large increese in upfloeting tendency (fig. 30)
coincident with the point et which the lift curve begins to round
off as the wing tips begin to stall. The stalling was observed in
tuft studies to occur at angles of attack of about 14°. The aileron
effectiveness in the region beyond 14° with flaps up, however,
remains relatively unaffected except at the large aileron angles.
With flaps down (fig. 30({b)), there is a marked decrezse in alleron
effectiveness beyond the angle of initisl tip stalling (very
near CLmax; see fig. 12).

-Since most tests were made with only the left alleron deflected,
a single test was made (fig. 31) to determine whether the effects
of deflecting two ailerons simultaneously are approximately addi-
tive. The curves irndicate that the effects are additive, within
the experimental accuracy, and that the total rolling moment for
two ailerons deflected equally and oppositely is almost constant
with angle of yav. '

Based upon untrimmed data (for « = 11.2°), ths ailerons are
not capable of trimming out sideslip angles greater than about 109,
with flaps down, because of the large value of the effective

~dihedral CZV'
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CONCLUSIONS

The following conclusions are based on tests of an airplane
model having a 45.1° swept-back wing with espect ratio 2.50 and
taper ratio 0.42 and a 42.8° swept-back horizontal tail- with aspect
ratio 3.87 and taper ratio 0.49 to determine iuS low-speed ‘sta-
bility and control characteristics:

1. The longitudinal stability becomes inesdequate above a 1lift
coefficient which is 0.15 below the stall for the horizontal tail
located near the fuselazge juncture on the vertical tail. The model
shows instability at the stall, which is probably promoted by wing-
tip stalling.

2. Changing the wing dihedrsl from 0° to -10° or adding end
plates extending down from the tips had little effect on the longi-
tudinal stability characteristics.

3. Location of the horizonital tail near the top of the vertical
tall resulted in satisfactory longitudinal stablility throughout the
1ift range because the tail was *n a region of more favorable down-

wagh.

L, The directional stability at small yavw angles was improved
by replacing the original vertical tail with a steel flat plate to
improve the tail-fuselage intersection and by flattening the top
of the dorsal. .

5. Romoval of any of the dorsal fairing arrangements increased
the directional stability an increment of about -0.0004 to -0.0009
and hed the effect of maintaining the restoring force at high yaw
angles. The dorsal action was opposite to that of conventional
airplanss probably because of the large area forward of the center
of gravivy.

6. The wing-fuselage combination tends to become more stable
directicnally with increasing values of 1lift coefficient up to 0.8,
which was a result of the wing itself rather than fuselage inter-
ference since the wing-alone values show the same tendency-

7. The directional stability was greater with flaps deflected
than with flaps neuvuiral.

8. The tail-on directional stability was increased and the
effective dihedral was decreased (by about 0.0001 per degree
dihedral change) when the geometric dihedral angle was changed
from 0° to -10°.
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_ 9. End plates greatly reduced the effective dihedral and .
‘increased the directional stability for the high-speed condition.

10. The ailerons show a very large increase in upfleocating
tendency for angles of attack grester than 14°. The aileron effec-
tiveness was relatively unaffected where the stall occurred (14°)
with flaps neutral; however, with flaps deflected there was a
decrease in aileron effectiveness. The ailerons (for a'= 11.29) .
for the untrimmed coundition cannot hold a sideslip angle gresater
than about 10° for the flape-down configuration.

Langley Memorial Asronautical Laboratory
National Advisory Ccmmittee for Aeronsutics
Langley Field, Va.



NACA RM No. L7B25 T 19

o

s

REFERENCES

. Gillis, Clarence L., Polhamus, Edward C., and Gray, Joseph L., Jr.:

Charts for Determining Jet-Boundary Corrections for Complete
Models in 7- by 10-Foot Closed Rectangular Wind Tunnels.
NACA ARR No. L5G31, 1945.

» Thom, A.: Blockage Corrections in a Closed High-Speed Tunnel.

R. & M. No. 2033, British A.R.C., 1943.

. Schuldenfrei, Marvin: Some Notes on the Determination of the

Stick-Fixed Neutral Point from Wind-Tunnsl Data. NACA RB
No. 3I20, 1943.

. Multhopp, H.: Aserodynamics of the Fuselage. NACA TM No. 1036,

19k2.

. Recant, Isidore G., and Wallace, Arthur R.: Wind-Tunnel Investi-

gation of the Effect of Vertical Position of the Wing on the
Side Flow in the Region of the Vertical Tail. NACA TN
No. 8oL, 1941.

. Recant, Isidore G., end Wallace, Arthur R.: Wind-Tunnel Investi-

gation of Effect of Yaw on Lateral-Stability Characteristics.
III - Symretrically Tapered Wing at Various Positions on
Circular Fuselage with and without a Vertical Tail. NACA TN
No. 825, 15k1.



NACA RM No. L7B25 ' Fig. 1

7es! cenfer of grovity
Airplane center of gravily

Mode! prvol poins -

5 MAC

/»/M,,/ pivot point

;_%’é

\—-fesf center of gravity

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS:

Figure 1.- Location of test center of gravity and the airplane center of
gravity of a model with a 45.1 - 2,50 - .42 wing. All dimensions are
in inches. .
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Figure 5.- Horizontal tail locations of model with a 45.1 - 2.50 - .42 wing.
All dimensions are in inches,
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Figure 19.- Neutral points for a model with a 45.1 - 2.50 - .42 wing.



NACA RM No. L7B25 Fig. 20a

24
H
20
- [
—%« /6 j ’
K —
s 14!
3 ‘
S /2 o A
§ 5/250 >//
794
“ Y
S 4 , »/_/ |
N ////
I 1A N
//‘4}-@[ ol |1 %w
) 2 N N W A o PR
k____—/*-\\ Ny '§§“
. N ], S8
= 0O ¢ 4 ¢ 8, « /2 7 Q

W \ v

Lif}  coeffichent, C y
q) /7= 0" o

Figure 20.- The effect of flap deflection on the downwash angles and
the dynamic-pressure ratios at the horizontal tail for a model with

a 45.1 - 2.50 - .42 wing.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



Angle orf  aownwash, € , deg

Fig. 20b | NACA RM No. L7B25 -

20 0] —“*/]
6 %/\
/2 | | 71/
5f °’500¢
8 | ?/ —
| [J/719h horizad)
N7 / /7‘0‘// ) &-0°|
4 // , U
A |V S
[ 2 3™
-——*—-—‘—”“"’""/_ _ 4d.50° Q\J}
O \( ! /0 ' NN
I N
O ° .
-4 Stigh_borizontd /all, ‘(53\ 1.6 §S
0 . 9 Lhe
LIfT  coelfficlent, C, |
NATIONAL ADVISORY

(L) /7 -/0° COMMITTEE FOR AERONAUTICS

Figure 20.- Concluded.



NACA RM No. L7B25 Fig. 21

N
§
S
S
Ny S == om Lowcr w2l N
s 0
g _
g ® £nd plates off,['=~10° 6
S o fnd plates qnl= Q° & .
< >
N ' 5 N
NN ' =
- 2
| Modgel 1p chord a C’\:)‘
Ey ] 3
N Ne—— End ,Q/ﬂ/f ﬁ -3 .
' Q
' S
e '
\
N
R
-/ 3
NS
Z4 —0
§ ‘ P
~ 16 -
8
s
S 4
X
3 .
N 0 f
Q) P: NAT;ONAL ADVISORY  __ |
85 ‘ of COMMITTEE FOR AERONAUTICS
S8

-8 -4 0 a4 8 12 )4
Lift  coefficient, ¢y
Figure 21.- Effect of end plates on the aerodynamic characteristics in

pitch of a model with a 45.1 - 2.50 - .42 wing. &, = 50°; v = 0%;
test c.g. at 35.9 percent M.A.C. f |



|
[r
a
[N
Do

NACA RM No. L7B25

%‘ 24
8’\
\E\ /6 - /
S -
N~ /
3 T
S P
S
)
N -
<
P

0
N
Q \
N /4

/.

&) /
N [/

" QS\ d B —"/’7;—" | |
g\ Fuseloget—————1— S pa Unstabe
e Fuselage + wing : /

I 0 Wing T 7
§ . % \«[\\\ \\\ I,/ .
S [ oty <l _V | 7 Stable
» AT 1
S \\\
Q_ -2 ‘
Y 2 Z 6 8 [0 72

COMMITTEE FOR AERONAUTICS.

Z{ Jft .C 0e /‘7/2 Jen 7)‘ Q NATIONAL ADVISORY

Figure 22.- Contribution of the various' components to longitudinal

stability of a model with a 45.1 - 2.50 - .42 wing. &; = 09;
T =0° c.g. = 23 percent M.A.C,



NACA RM No. L7B25 : Fig. 23a

I
N Configuration
3 A (completd
§ a7/ w‘/ﬁ )
X 0 3
S e o
g 0 §
~ | N
%.04 ; Ch &
3 S
; y = - )-'1'6/< ‘04’Q:
S 0 ‘ g g
SN )yoﬁ D | 04\§
& /p/"{’_’—* 'E:E
S
A f,‘/f" 0%
S
&E < Ee 9 '04-;\5
%0 + >
S //q . S
g . —— F _ ,04:§
S e B ) N
E = 0%
e :
= —— S
-04 &
©

40 30 20 -0 0 10 20 30
Angle of yaw, '}V_’, deg

@ o< = 5.4°; roling-moment coefficients.

S

Figure 23.- Effect of dorsal and vertical-tail modifications on the
lateral stability characteristics in yaw of a model with a -
45,1 - 2.50 - .42 wing. 6; = 00,



‘

Fig. 23a conc. » _ NACA RM No. L7B25

g | Contiguration
8 04
~QO
NS G
RS 0 1 ~— 31T |
D ~
N G
S T
S /—V K;:
a2 e N
el 0 S
»/“ ~~
G /W/,/‘f é
S0 r §
< '
3 04—t I4— 04 &
& I e S
3 P2l
é / 1] :“ |
R e ' 04 &
& L &
S
S
-04 \§\
B

40 30 20 -0 0 0 20
Angle of yaw, V', deg

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(a) Concluded.

Figure 23.- Continued.



NACA RM No. L7B25 V5 Fig. 23b

\»

2
Confrguration |
KJQ - v'
B i
.04 L
:E' L y - A (Tai/ of F)
“g 0 / Tl N
ot X
S -~ S~k A_(complete) 3
S0 T | %
N / S
‘ 0%
o4 ' S %
A . . = , :
g T ] '\O\x \T\Q/[ S~ | —'04~§
= 1 e ' N
8 ]
3 —— oo L b 048
.§ L >\(’\(>\ ‘ . [~ S < j‘%
| \§04 \D\D\tk &
N > s 0 §
-t <P 3
& S| 2
504 == S
\;E) 0 \\q '
S | N 5
S04 7 =T [ E\( 045
S ¥ T ~| - 2
08 - 08
s, 8
| S

-4() 30 -20 -10 0 10 20 30 40
Angle of yaw , VW', deg  commrree ron aesowautics

(b) oL = 945 yawing-moment coefficients.

Figure 23.- Continued.



Fig. 23b conc. NACA RM No. L7B25

S LConfiguration
%
3 04— . c T
: T
S N
< 0 .
3 ] N
§' // E’
S 04 ] 04
BN :ﬂ:-tk.__, | g
>§ ;! T < §
' ~~
0 g
Mﬁ\ H §
& A , &
S 1Ny
04 04 3
9 . >
t‘;\\\: /f .
\% V\vl[ - S
S 04 s §
v - ' I \ ' :Q
\§ re ] t;:\)
S S
0+
L = :
‘ ‘ /z/ NATIONAL Aows:oav ] &
5 COMMITTEE FOR AERONAUTICS ‘04' §’
EaEN T S
: >3

40 30 20 -0 0 10 20
Angle of yaw, V', deg

(b) Concluded.

Figure 23.- Continued,



NACA RM-No. L7B25 Fig. 23¢

3, Al
§ =il ¥esi /)R
S s
g) 0 —=—1 ] b
s N ] - B
. = 1 0
| &}-\4 - ] ¢ = R
5 o 4 3
] 0 oot | S
: ' >/’°/< : D/// 4
S4 L : - S
S
?g 5 e 0 o
Q) o] :
. \ 7 /l/lr/ \S
k’\.4 & E ‘4 \g
Lo = 8
; o - v =t
g- ] . F / 0
Q.4 4— [N
AN | S .
S . = £
g ] 0 8§
e o
=N &
: -4 @
L NATIONAL ADVISORY | (\j’%
COMMITTEE FOR AERONAUTICS
=8

40 30 20 10 0 0. 20 30 40

Angle of yaw , Y, deg
(€)= 5.4°; side-force coefficients.

Figure 23.- . Continued.



Fig. 23c conc NACA RIM No. L7B25
S ConFrguration
\‘\'\
57
CE
% G
S 0 Lt
S — S
< -
N S
S A 4 9
5 A
B
M"/”/’ S
0
»/W?ﬁ @
S0 >
U 2
+~ 4 4 g
N : :
~& ’/“,
N o 5
L 0 - |
S | _
O — S
N ,/v/ e
g& <7/ » K
5 A | 4 g
3 S
D T S
o R 3 0 3
L4 - | O
r-'g Q"\
CO:MAIIEI’C;?AFERA:E\:OSNOA&IY'ICS — A4 ?g
(s

40 30 20 0 0 10 20
| Angle of yaw, W, deg

(¢) Conclvded.

Figure 23.- Continued.



NACA RM No. L7B25 . - Fig. 23d

S Contuguration)
~> |
9 |
L .04 A (apetd
x.
% L A A (Tad of H
3//
-« V4
é 0
g + ‘/“/t/-
R e B
I N
! N
&
8
0 (N
| 3
L S
- s
x>
Q
> 4t 08"
S ,
R.04
B
1x
S 1
§ 0
S ——
§04 ‘/d - co:-ﬁ'Tr"rc;? itnA::\:t:)stac:ﬁ}'lcs_
&

-40  -30 -20 -0 0 10 20
Amgle of yaw , Y/, deg

Q

(@) o¢ =)3.0°%; rolling-moment coefficients.

Figure 23.~ Continued.



Fig. 23e NACA RM No. L7B25

[
Con figuration

NATIONAL ADVISORY |
COMMITTEE FOR AERONAUTICS

D

~

\
\

S
\'g04 /+ A (Tail off)
3 e B T A =
S 0 ‘\ﬁ\] -
8 A | |
T / ' ~~LAlomplete)
&04 —*
E /*/ &
S -
308 3
> S
_d \v\ §
: V\;\ 0\'5
AN 8
5
B '04%’
S S
\k'\
R.04 _
8 P
~.
.% e
3.
>N

-40 30 20 -0 - 0 10 20
| Angle of yaw, V', deyg

(€) < =/3.0% yawing-moment coefficients.

Figure 23.- Continued.



NACA RM No. L7B25 Fig. 23f

8 T
. Contiguration
< |
¥4
X A (compkte)
S ! y
Ha 0 o — +— T B 7‘&// aff)
-Q . T
O «-/1"/(5/(
g /__/ "
g
K_4 T =
S o
RS
»
-8
. -\
4
. 5o
4.3
| I &
— S~
W/
=27 08
. | o
T §
4
S S
~0 @
< 4
S
% TV
Q 0 PN SN L —1
3 PRl
® =i CONMITTEE Fos Arvawaurics |
$-4 1 - | |
N 30 -20 -0 0 /0 20

I
S

Angle ‘of yaw, Y, deg

(F) o< =/3.0° side-force coefficients.

- Figure 23.- Concluded.



Fig. 24a - NACA RM No. L7B25

02 ,
od ol olo
@%" 0 . “%ﬁwm
02 A Y
© _Wing alope
T T T T~ 002
ENEN \/} .
o—9 02 A' s
o 002
"\
004
002 ~ // S
A A
> 0
2
-002
-004 ,
S -4 0 4 .8 )2 4
Lift coefficient, C;
@ E£=0°.

Figure 24.- Variation of lateral-stability derivatives with lift
coefficient for a model with a 45.1 - 2.50 - .42 wing. Revised
dorsal; steel vertical tail; r = 0°.



NACA RM No. L7B25 ~ Fig. 24b

L J

02 7 ‘
S a@«'".“"“"‘é

0 — ‘n—wﬁAﬂ

. 71';/7;;):
e \‘éﬁ 002
e 0 wg
%—w—e:m\o\k -002

004 . -
| LN

002 '

> + /

-002

AN

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

|
-5 -4 0 4 .8 12
Litt coefficient, C;

(5 &¢=50°.

Figure 24.- Concluded.



Fig. 25a NACA RM No. L7B25

S
w4
3 - | j
t’% d— B | {//J;x
g % 43&%
\.&% 0 "] o m)/h/‘
3 /;t;(
V. A
_ P L
[o] /¢Z- Y
- a Ta/ /
4 o /;“-i/./j’o‘,fgorsa/ ofF P f 06
— &
< ory
0 g
’\\___0/4,/—\' y » -9
N 4 A 0%
B el BN PR
~——_1—5 %
ve 04§
D
N
N =08 S
N
D 1{
Q
X
3
N4
IS Pt A -
N
g %, ‘ :&'1 B
SN
\33 wk - co:b:Trlr(;;‘Ar:aA::‘:)sﬂz*\rflcs——
oz
X -q0 30 -0 /0 0 10 20 30 ao

Angle of  yaw, Y, deg
@ 6:=0°; o< =54
Figure 25.- Variation of the aerodynamic characteristics with angle of

yaw for a model with a 45.1 - 2.50 - .42 wing. Original wing;
- r =00°.



NACA RM No. L7B25 " Fig. 25a conc.

~N

Fitehing-moment costficient, Sy
[T
NV
SRS
/
i)
NN
NUN

®©

~

g
Tadl of
lg=3dorsgl off

I Codl:2

o |
™~

~

Longitudinal-force coefficient Cx

S . i . . NATIONAL ADVISORY |
~ ' COMMITTEE FOR AEROMAUTICS

N - . ‘

34

g L= =) [
N | .

O 0 _

S - *

w20 0 0 0 0 0 @
Angle of yaw, Y,dey '
@ Concluded. '

Figure 25.- Continued



Fig. 25b

NACA RM No. L7B25

.
¥4 ]
§ . = 1
L ——7
N L
N - ) = PS =_3° {
(\g ,//( 2 /2/'/' off o8
| 04 «
= < /”/ N
\W/ 0 3
- F— " 3
WA
S
- ) N
X >
w S
N 2
& ATt
S
S0
3 .
§ T S r
N4 —
é} ] — ) NATIONAL ADVISORY -
-\\ COMMITTEE FOR AERONAUTICS ]
S/ -
4y 30 20 A0 a - /0 20 30 40

Aﬁg/e of yaw, Y, degq

() &¢=0"; ¢ =/30"

Figure 25.- Continued.



NACA RM No. L7B25 | - | ' Fig. 25b conc.

Y

S
-~
Ny
“ .
& P
§ /
\:) 0 ,A/—‘ 'JQ/( )
§ / \ /o
N p ™~
Ny ——
8- / A .
%'
N
s L«
RN
e e
s Tail off G(
X
D
N
K4
S
N
. 3
IN]
. S
N
ZEN
N
N
o]
k)o
X /?:/ == S es 4;_( *\ﬁ‘\o\'
_—— )
Sq =] ——
\l
N NATIONAL ADVISORY __|
(V) COMMITTEE FOR AERONAUTICS
RS
~N

QS

40 - 30 20 /0 a 20 J0 40
Angle of yany abg

(8) Conclvded.

Figure 25.- Continued.



NACA RM No. L7B25°

Fig. 25¢

AN

S S

S TR
o

U9 U131 14300 JUSHU B mER

S

AN

/
=

X

1

—
| 1

1
/t_:_

L
30

all off
|

1A

\

\
.
\
\

[

/

\ |
AN
_ A\

//

QS AN Q

X N .
A9 Yuaiay a0 22404-901¢

N Ve w M ©
(9 Gusraypao0> puswsows - buy

oq

v

05

0

/ 0 20 30 40
nﬁe- of yaw, Y, deg

e,

~30

~q0

€ 8§=50"; o=/2".

Figure 25.- Continued.




/

NACA RM No. L7B25

Fig. 25¢ conc.

© Conclvded

Angle of yaw, ¥/, 'o’eg

Figure 25.- Concluded.

L
S
5/
N :
4&1 0 /45—-———1;—/‘ As—a IS 4 A ’
R « ),/ \<\\(
%'7/ . ; / . \ r/
= 4
s 7
\"\’\'-Z . o) lp=- 3" -
" t -
Q\' +- . , 1 A vi( off \)5
D e M < 2‘.§
- ,? f ; A N
) -/ S
S
I
N
0 ;§ |
N
N
Qfﬁ P i 1 1 ] “':B\Q\ :
< ] : \\\J
~§ IV .
L4
S L Ao
. A
BN
7 : : ,
) 30 20 /0 ad /0 20 30 40



Fig. 26 NACA RM No. L7B25

N
‘§ 4
SO p=g—p—rt >=l?—°—e—e==l < -
Y l
L
X7 =
- (dea) :
D) o) ) N
al /3 0 )
3
S
b
oq S
T
ITMMHL\“\: 0 g
5 — Q
C M\ﬁ &
>
N
.04>§
G
Y08
Q.
8 N
3 : gl
Soz —
§ 0 : 5 |
N e
éﬁ ()—"“’""’AP”" );;:( i
N
§.04 /,/
A . NATIONAL ADVISORY
= COMMITTEE FOR AERONAUTICS — |
- D/
05

8

30 0 A0 J 0 20 30 4o
Angle of yaw,y; deg

Figure 26.- The wing-alone aerodynamic characteristics in yaw of a
model with a 45.1 - 2,50 - .42 wing. T = 0C,



NACA RM No. L7B25 Fig. 26 conc.

Sa
~> P
S
D
=
S/ &
*2' \g\( 1 Q
S - ! !
N P ) '
S — ~ di 4 O——
&0 SEEE
IS |
S =4
N (deg)
@ 5.4 C}
a 13, -
N
2
S
SN
S
¥ S
L — ¥ ] rh-‘/ Y
Q
S
0 . o — © ﬁqﬁ S 0\;
<
AN
S
~

(SN

T

S

Lift coefficient, C,
AN

30 20 /0 % 0 20 30 40
/‘Ing/e of yaw W R a’gg NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

f
8

Figure 26.- Concluded,



Fig. 2'7a NACA RM No. L7B25

UZ 0—0—0’0000 o-.)
Cry 0 Ao Lo p s
02
° /}:-30
s Ta/l of f
004
A,H’M_A\A\A\M &%\ 002
??-. Vi 5/7&/
——o=2 w\)\“ .‘.002
=004
002 ‘ /U'ja( 3
| W
[} /’ 5’—4‘/}%
0 . /0/ /“},M =
62 V 1 A
7 9/‘3/
=002 =
rd CONMITTEE o1 AERORAUTICS—

_'0‘04 - — : ,
-8 -4 0 4 8 Iz 14
Lift coeffjeient , C;
(Q) Sf = 00.
Figure 27.- Variation of lateral-stability derivatives with lift

coefficient for a model with a 45.1 p 2.50 - .42 wing. Revised
dorsal, steel vertical tail; r = -10".



NACA RM No. L7B25 . Fig. 2'b

oYy NN
0 . a
P
s Tay/l off
VNl I ) w2
J |
) - Gnyr
ST e
3 oW AoV .
E o
o
00z ot
of Jf/
‘ ,,0/3 g [ .
_ A |
, /’d . ' g
-002 ' _A/ | , ' ::j‘ ¥
-J04

4 0 4 8 12
Lift coefficient , ()

() &f =50°

Figure 27.- Concluded.



Fig. 28a ' NACA RM No. L7B25

>
AN
*'\
s 4
a§
S
S —
3 s
R T
S 4
\O 4
. 6 4/.;-:—3’
s Jail off
RS
04 =<
>—— 3 D
> S
| Solag | AT &
= 0
Q - Q
= ?\‘ ! ~
_ ] -
04 §
& . gﬁ
08 I
. U
S A
R
S
S
S 04
g 0 =~
S v
~ ~ f:1\<
§ 0 L\‘IS—A- O B _Ala
: g o) o> 1
N NATIONAL ADVISORY ]
N COMMITTEE FOR AERONAUTICS,
8 . A
s
QA

40 -30 20 -l0- 0 10 20
Angle of yaw, ¥, deg
(2) 8p=0°; 0C=54"

Figure 28.- Variation of the aerodynamic characteristics with anéle of
yaw for a model with a 45.1 - 2.50 - .42 wing. I = -10°.



NACA RM-No. L7B25 : : Fig. 28a conc.

&
—-2
kS
N
& |/
S
S
*E )/GI . 0\()\
D 0 L s -
N ‘ ¥
S /
S
> /
E -
§ .
x
- 3 G
’ LY
- 7 @ \
e n=-3 S
s Jall off z g
3
A\
S
: N
5
- olo-a o e ale \g
7 3
S
>
N
<
/ S
. ~d
~
(S
"
x 4
.§ ) — ¢ A DA S_G,é- A £
S 0 NATIONAL ADVISORY __ |
% COMMITTEE FOR AERONAUTICS
]
&
~

40 <30 20 o 0 10 20
Angle of yaw, Y. deg

(@) Conclvded .

Figure 28.- Continued.



Fig: 28b | .~ NACA RM No. L7B25

>
AN
5 4
\) [~}
A >/¢s
2 T
?§ 4 2
B
© /;:._30
s Jal off
\
e —F > M/‘
? _ P ey '
/ ’\_/"
S
-+
<
-
S
N
3 ——
~— A\(\A & [
§ /" NATIONAL ADVISORY __
COMMITTEE FOR AERONAUTICS
& - | C LT
< 04 ; -
=
R

40 30 20 lo 0 10 20
Angle of yaw, Y, deg
(B 66=0°; X =/30".

Figure 28.- Continued.

S
SN

Yawing-moment coefficient, ¢,

S

_04

1
N
&



NACA RM No. L7B25 - | Fig. 28b conc.

S
< ./
.8
S
S
S /7
Ny
<
N
S ./
&
2
~ LN
S
L ¢ ° fe=-7
s Jail off -
Q)
-“\‘%
. <
2
_ N
E &
A 3
i ) ’\(,—&oﬂ—ﬂ-o—ﬂw -/ ©
: Q
R
1]
0 3
S
S
>
S
S
Y
\}J NATIONAL ADVISORY __|
- COMMITTEE FOR AERONAUTICS
~
S 4 ] —
§ | o ——a—Retg0-01— 4
S ,
S 4
= i
J

q0 30 20 /0 J 9 20
Angle of “yaw , Y, deg

() Concluded .

Figure 28.- Continued.



Fig. 28¢

A\

X
RS

Side-force coefficient, C v
>

\)‘\»
X .08
S
3
S .04
IS
§ 0
3
N
S-.04
S
X

NACA RM No. L7B25

. Mﬁs
/J W&Ejy
— — )/th’/q
. .o /.t; _30
& Tail off -
) ﬂ | ‘
Y
It O
7
e ]
L4
ﬂAgFg?ﬂﬁ"dr
_—— ) [ ] 7 Q/‘{
L —
/, r_/( CONAIITCEN'AL ADVISORY  _ |
MMITTEE FOR AERONAUTICS
f—/‘

-40 -30 -20 -0 0 0 20
Angle of  yaw, I, degq

(¢) 6.=80% o< =)12°.

Figure 28.- Continued.

SN

1
[
0

Yawing-moment coefficient, Gy -



NACA RM No. L7B25 - Fig. 28c conc.

S _
)
<
Y
Q
= J
)
Q
Q 00—
N/ /0/0_“, : O~
< [—3—a
g oA 4
i / /<>/
S S
< -
= R
Q\ o] I‘t-=‘3° » Q
s  Tail off Q
3
o N
N Q
Q
_.2 §
\7/( 0‘4’/‘. QE
) . \é
-l £ .
E
=
>
0 S -
~
b\l
12
*'\
1 N
-
S g o dauia
&: —
g g
QL
, NATIONAL A
N .4 COMMITTEE FOR :z‘g:n%:ucs‘—
) o R R

-40 -30 -20 -/0 o /0 20
Angle of yaw, ¥, deg

(¢) Concluded .
Figure 28.- Concluded. |




Fig. 29a ' NACA RM No. L7B25

A,
Q
N~ 4
Y
L ;
\’\ vy
§ L1
° .
/4
\g —4 8 |
X , o End plates off
B s End plates off, tai/ ofF
8 o Sodffend platés on (0.055, each)
~ ¢ Large emd plates onfo1aS,, each)
08 s
. SN
b . S
>~ 04§
- S
T f re S
e I r: g
| " §
= 04 &
3
N
S Model tip chord i
< A 08
3 oA Vit K~ Small end p/m‘p
9 Q
;g y 3 ¥ // Large end piate
5 3] P
3 ZRERNENT ==
R =as=cs
‘S . . "
% _— NATIONAI ADVISORY —— .
Q‘: -04 7 COMMITTEE FOR AERONAUTICS

|
/A R/ B /R I
| - Amgle of yaw, V", deg
@ x=54] =0 .

Figure 29.- Effect of end ﬁlates on the aerodjnamic chg.racteristics i
yaw of a model with a 45,1 - 2,50 - .42 wing. I = O”.



NACA RM No. L7B25

NN ~

|
~

P/Ychiiymomgﬂf coefficient, Cm

Lift coefficient,C;

I

Q .

Fig. 29a conc.

pry =)
© : A N !
A—4 A R - BQN
5
° End plate of f
A /p/m‘e off, fa// off
o Seal/ em ,u/zfes n(05 S eam)
o ] Jates an ) oy each)
80009
|| Mode/ 17p chord
N _g(\‘g — Sl end plars
N . / \o—Large end plate
:
' - /.43 - > .
-~ Qv

g0 <30 20 0 0 10 20

Angle” of yaw , Y, deg

@ Conclvded .

Figure 29.- Continued.

NATIONAL ADVISORY
MMITTEE FOR AERONAUTICS

~

—

AN
Longitvdinal-force coefficient, Cx



Fig. 29b NACA RM No. L7B25

— ]
RRE==:
pu

° Fnd plates off

s Fnd plates off, tail off

-8 o Small end plales on (0055, eacl)
' o Large eny plates onf0105, eact;)

- Side-force coefficient, Cy

08 ©
\S\
vl — N
—— 04 %
U/ /r 8
. N < N
z < 0 3
(/‘/ .| S
= NS
: -04 §\
] 3
N
L Wadel Tp chord 08
G 06 o ‘§ ‘_/—J/m// end plafe
N Q¥ -~ d plata
Ry W ki 77 il f,
N } e /45"
~ 0
R pagh
§ ] — %
> =04 — — : — -
§ AT ] o co"uA'l;ch;:AL ADVISORY __
AN > L Ml FOR AERONAUTICS
§ LT | ] T
Y -40 =30 -20 -0 0 /0 20

Angle of  yaw, ¥, deg
(b) o =/12°% 8p-50°.

Figure 29.- Continued.



NACA RM No. L7B25 : Fig. 29b conc.

4o 50 C0 40 0 0 20
/?ng/e of yaw, V', deg
(8) Conclvded.

S
-~
S ./ >
{‘é)
R4 =%
g [ — :
S
8 ;
D> 7/ %f/é//
3
N ° £ plate off
s Emd plate -orf, fail off x
o Small end plates on 0.055y each ) Q
©__[azrge end plates an (0105, each) B
N
O
VD
INY
2D
- et i 8
=/ §
ES
3
by Mode/ 1ip chord 0 S
\(\‘ ” : —
Dy Q |, ol end p/aﬁi
oy | —large end plate |
? el
S
5 4
~\D
= NATIONAL ADVISORY —
% T COMMITTEE FOR AERONAUTICS
N4
n
N

Figure 29.- Concluded.



Fig. 30a NACA RM No. L7B25

N =
& TR
=]
AN 0
3/ \@T\
S‘% V_—'V‘P'V = P > N
‘v____v.‘v‘

§ 0 o= © —T——o] . \ \\
3 — TR

S R \\ \Z\V—/V/
| ] ¥al - \g C
K7 =
$ RN

b
—
PN
PR
7
<!

N
o 20 " ~
- A 10 -
4 e 0 %
D S
o -20 ey
3
O/WM ~N.
Q1 " N
g —_—— x| 0 g
’EA@—G §
G N
R s
g R)
N N
NN
%04
o—t—o——t+—0—4——a-f o d____#
N " 2 2 N N I
%; ; N s R q o & & A A
Nalle= == is s S S S S S S
S o o — Y- o = e
]
NAT
§2M conulrltc:’:‘\r;n?:\;:azzlcs_‘
\
S
83

4 0 4 8 2 b 20 20 2
Angle of" aftack, oc, dey '
@ 6p=0° Y= 0
Figure 30.- Effect of aileron deflection on the aerodynamic

characteristics in pitch at various angles of attack of a model
with a-45.1 - 2.50 - .42 wing. I = 0°.



NACA RM No. L7B25

]

N

ks

ment coelfizien
(Y

nge-rno
N

|
R

C)Q]

AN

Rolljn -momen/weffé&)/emj (2
2

4
K
N

Fig. 30b

Angle of attack,cc, deg

(4) 57: =50é,‘ V=0°

Figure 30.-

Concluded.

W%W'\O\ﬁ
S od—o]
a1 4] '
) ~~
~a N | 2
N~ 2
e
54 ol
(deqL n/M &)Q
e 20 w
A
Y 043
o Tt 3
’ - A
e 0%
S
N
o
N
[ 0+ —a ] ) Io—T"
S e N
o % :L /N /A SR [—\J.r/”' '
g Y q d /12 6 20 24 28

NATIONAL ADVISORY
MMITTEE FOR AERONAUTICS



Fig. 3la o ' NACA RM No. L7B25

2 =T ]
,,o—l&”‘} >/‘>//<>/'</<>,——L
= »
& AT AT
. - Hinmpe-moment coefricient
i.\ // : fo/g only_one_gikeron (/ef7)
N
9 . :
NN R T i <
3 /ﬁ i ¢ )
AV
U
‘ J
§ /./3\‘ ' a\b\
N _ . ’
NS )
S (535) (30 ) _
a zg —Ey - o A, . e —— o
’ B 5 .
20 20 04:S
3 " %
NS
| Vs
‘ S
/] R
. S
| 3
N >
NG
3 —— Z
~¥ /( v —
&3
S )
":3 " 1{1 /G i ]
QNSSEREsSpouesans
NN I N e
N ) 3] 4 / :
< . , ) .
%_ﬂ VAR \t‘ . - WMM NATIONAL ADVISORY —_
2 \\ P // gortmni FoR Aim‘mll-cs
P~ - G~ )

40 B0 0 WO 0 0 20 0 W
Angle of yaw,y; dbg
(@ 6=0° o =54°. |
Figure 31.- Effect of aileron ‘deﬂecfion on the aerodynamic

characteristics in yaw of a model with a 45.1 - 2.50 - .42 wing.
r =0,



NACA RM No. L7B25 Fig. 31b

RGN
1)
/

ficient.Ch,
: Q

N

ment coef?
?

nge-1mo

.//‘

3 s
™~ = LN
i < -
D Q
/C .'04.§
5 L Ll
(62% L | B '
\?ﬁd Z 0 >
N o =20 /'I/ i
i‘éﬂd g =
§ ./;J // e
§ Y /’// ]
8 % 4

2]/

Kollim

N
~

/)
" )//O/o/"
) / ;/A
,_if e oo snisony
1 ] | 1]
b L&
40 30 20 70 d /0 /4 N7 40
Angle of yaw, Y, dieg '

(8) ¢ =50°; o< =/1.2°

S
m

Figure 31.- Concluded.



NACA RM No. L7B25

Fig. 31b

T"Vi A
, [ SNDESEENE
N/ D
é§ -/ 3 H)\O\JP\JQ ]
N s
N
3 |
) . ~Na .
S ~]
3
: o)
4
W
501 )
(deg, —T
. @ 20 L
6’0(5 o] 0 >
X o =20 |~ J/L/ ]
S AN
S g ‘ —
§ /07/ /j/"/‘
29 Vi ’;/V 1L
3 Eee
-S S
S04 - | %/
o Jjj e o sovsony
_ﬂﬁ E |
40 30 20 70 Jd /0 Y/ ¥ 4o

Angle of yaw, Y, degq
(8) 6 =50°; o =11.2°

Figure 31.- Concluded.

hCn

N
Freion

lawing-mamert coet

N

Q



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92



