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NATTONAL ADVISORY CONMITTEE FOR AERONAUTICS -

TECHNICAL NOTE NO. 1052

WIND-TUNNEL INVESTIGATION OF EFFECT OF CANOPIES
ON DIRECTIONAL STABILTTY CHARACTERISTICS
oF A‘SINGLE-ENGINE ATRPLANE MODEL

By Robert ¥aclachlan and Joseph Levitt
SUMMARY

& low-wing, single-englne alrunlane model was tested _
in the Langley stabllity tunnel to obtaln data shkowling o
the effect of canony size and shape on the directional -
stablillty characteristics of the model.

In general, the addition of 2 cancpy to the model
decreased the directional stability of the model. Desta-
bilizing interference between a canony and the model with
Vertical tell off resulted from the addition to the model
of only the two largest canopies tested. Only the
largest and least streamlined canony tested showed
appreciable canovy vertical-tail interference st low
angles of gttack. As the sngle of attack increasgd,
however, all the canoples tested reduced the vsrtical-
tall effectiveness, the reduction being aporoximetely
nroportional to the vertical-tell area. When the fuse-
lage length was increased, the decreass in directional
stability resultling from the addition of a canopy to the
model with vertical tall on became smaller at low angles
of attack and larger at high angles of sttack. T

INTRODUCTION

4 recent unoublished investigation based on flight _
results indicated that interference of a carony on the
vertical tall of an airplane might seriously affect the
directional stability of the airplene. The limited amount
of data avallable, however, did not cermit an adequate
determination of canopy-tall interference.
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{the present invnstigation was madée to obtaln data
shiowing thne effect—of cangpy shape and size on tue
directicnal stabllity of a 1ow—wing, gsingle-engine air- *
plane'modeI) In order to cover a wlde range of canopy
size, two of the four canoples tested were larger and
two were smaller than would be expected for a conventional
fighter-type airplane., {n addition to variations 1n size
and shepe of canopy, the tests lncluded changes 1n
vertictal~-tall area and fuselage lengthy

APPARATUS AND HMODEL

The tests were conducted in the 6- by 6-foot test -
section of the Langley stability tunnel. 7The model was '
mounted on a three-strut support (fig. 1), and force and
moment readings were obtained from the tunnel balances.

A three-visw drawing of the model is given as figure 2.
The fuselage was of clrecular cross section and 1ts length
was changed by the use of three 1nterchangcaule tall
cones. (3ee fig. - 2.) _ ) - g =

[ The-four cahoples used in the present investigation
have been designated the small bubble canopy {(fi:. 1(a})), ¥ -
the small box canopy (fig. 1(b)), the large bubble canopy :
(fig. 1(c)), and the large box canopy (fig. 1(d4))} For
one test the large bubble canoepy 'ras cut and the rear
portior. moved back to simulate an open canopy (fig. 1(e)}.
The twc large canoplies are tie same in frontal area and
shape and, in like respects, the two small canoples are
identical., A line drawing of the model showing the
various csnoples is Aiven as Plgure 3.

Three geometrically similar vertical tall surfaces

conforming to the NACA Q009 airfoil section were used.

The asnnct ratio of each ol the verftical talls was 2 15;
the vertical tails were installed on the model at 0° angle
of incldence relative to the plane of symmbtry of the
model., The horizontal tail of the model also conformed

to the WACA 0CQ09 alrfoll section hut iad an aspect ratio
of 4.0, The dimensions of all the tail surfaces. are . -
presented in table I and figure 2, - SRR

- TESTS N RO S |

The model configuratinnsg tested are given in table 1.
The model was tested through an angle-of-attack rangs
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from sbout -5° to 10° at angles of yaw of 1209 and tlaxcugh
an angle—of-yaw rangs from -10° to 20° at angles of attack
of about 0° and 10° All tests were made with the L
propeller-windnilling. The dynamlc pressure was 6li.3 pounds
per sguare foot. The corresponding airspeed under standard
sea-level atmospheric conditions was .159 miles per hour

and the Reyholds number based on the megn wing chord of

the model (8.73 in.) was about 1.1 X 10 The ¥ach number
was anproximately C.21.

PRESENTATION OF DATA : -

The results of the tests are presented in standard
TMACA coefficient form in figures L to 9, The pitching-
moment, rolling-moment, and yvawing-moment coefficients
are given about the center of-gravity location showm in
fipure 2, The data are referred to ithe stablllity axes,
which are a system of axes havint their oricin at the
center of gravity and in which the Z-axls is in the plane
of syrmetry and perpendicular to the relative wind, the
X-axis is in the plane of s“mmstry and perpendicular to L
the Z-axis, and the Y-axis is perpendicalar to the plane '
of symmetry. L T

The coefficients and symbols used are deiined as
follows: - -

cp  1lift coefricient (ZifE )
q"‘

Sy, . -
Cp  total dreg ccefficlent 92253 . - .
qo., oo :

Cv lateragl-force coefficieqt /

4 | aSy
Cc; rdlfing}mdment‘cdéfficisﬁt,\\S
' wo
Cnm _,pitcvﬁnc-mcment coefliclent > . .
\ﬂsw oo s
Cn vawing-moment coefficient ) . ' o
aSwb o
oCn '

oy = Ty

)



L ' NACA TN WN»n, 1052

AC,, —increment—of Cp resulting from addition of canopy

to model
(ACn)
Acﬁw ~—slope of;¢urve_pf240n against—y at ¢ = 0° (Q—mel-
v force along y-axis, positive when'acthé to the
right : o T
L ~moment about X-axis; posiﬁivérwhen 1t tends to
— devress right wing _
M moment about Y-axis; positive when it tends to
ralse nose :
N moment about Z-~axis; positive when 1t tends to

turn nose. to right

dynamic nressure, pounds per square foot \f-pva\
A . Pree~-stream velocity; Teet per second
o) mass density of air, slugs per culbic foot

Sw wing urea (2.625 sq Pt)

b wing span ([ £t)
c alrfoil section chord, feet
- b/2 _
c mean aerodynamic chord <§ Jj c2 db = 0.728 ft
- cUo
Sy vertical-tall ares, square feet
a angle of attaek of fuselare center line, desrees
\f angle of yaw, degrees .

The accuracies of Cp, €3, and Cy were determined

experimentally to be about *0,001, *0.0016, and *0.002,
respectively., The acciuracles of fne angle ofaattac& and
angle~of-yaw measurements were about *0,1° and *0.05°,
respectively., Since the accuracy of Cp was about
¥0.001, the accuracy of AC, (the computation of which
involved the subtraction of two Cp-valuss) was only
*0,002. The subsequent falring 6f the curves of &Ch

agalnat . ¢  was belleved justifiable . although some of
the points rfell outside thhe +0.002 limits.

T

R

PE=.=

Wi g
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The corrcctions to angle of attaclz and drag coef-
ficients for tunnel-wall eflect were computed by the
following forrmulas:

da = 57. 5&vc Cr,
= 0.637CL

— 2 . S .
- o 2
= Q.Oll L

‘where 8y 1s the jet-boundary correctlon factor at the

wing-(0,1525) ‘and € 1is the crass-sectional ‘area of the
tunnel (36 sy ft). RBoth corrections wers additive. Wo
tare tests were made and nc jst-boundary corrsctions
were applied to the other coefficients.

DISCUSSION )
_Effect of Large ‘Box Cunopy on Lift, Eragz,
and Pitching-Moment Ceoeflficients

The effect of ths large box canopy on the 1ift, drag,
snd pitching-moment c0fff1b-unts of "the model 1is snown
in figure h. The 1ift coefficients were the same for E—
both canopy-off and canopy-on conditions. The effect of
separation of flow at the wing rocts, which was observed
in tuft tests of a nrevious iﬂvestlgatlon, can D€ seen
in the nreliminary rounding of [ of the 1ift curve at
angles of attack of about 13°. Wituiout fillets gt the
wing-fuselage junction, this sepavation cccurred at an L
anrle of attack between 8° and 10° The chnopy apparently
did not affect the. angle at which separation occurred.
With the canopy on, the drag coefficient of the model was
higher than with the canopy off, as would be sxpectsed.’
At negative and small positive angles of attack, addlition
of the canopy made the pitching-moment r'oeff‘icu:nt more T
positive. : .

Y

Effect of Canopies on Yawing-iioment Coefficient _
The Increments of yawlng-moment coeflficient resulting
from the addition of tiie canoplies to the model are shown
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Cn

in figure 7. The variation of these increments with
ancle of yaw tended to be destabllizing except at low
angles of yaw, where for the small canoples and the large i
bubb le canopy the varlation in AC, with  freguently

appeared to be stabilizing.' The values of aCp at low

angles of yaw, however, were somewhat erratic; therefore .
the curves of ACph against —Wr were faired llinearly
from v = -10° to W = 10°. At angles of wyaw greater_
than 10°, the increment of yawing-m@ment coefficient for
the model with vertical tall on tended to decrease as
the angle of yaw increased. This effect, which became
more prohounced as the vertical-tall area was increased,
may be gttrlbuted to the departure of the vertical tall
from the canopy wake as the angle of yaw lncreased.

Effect of Change in Canoay—Size and Snape on ﬁGn

The slopes Acnv were measured ﬁrom the curves in

figure 7 and were plotted against the ratio of vertical-

tail area to wing area (see fig. 8). In genersal the --
canoples tended to decrease the directional stability of
the model, ' The change in Cny resulting from the _ =

addition of a canopy to the model.was greatest for the -
large tox canopy and was progressivsly less for the ’
large bubble, the small box, and the small bubble

-canopies. The change in Cn, when the large box canopy

was added to the modol anounted in one case tT as much s&s R —
one~-fourth of the value obtainéd for the model with s
canoepy off, whereas the addition of the small bubble
Canopy had very little effect on Cn¢. For the model

with veortical tall on, the decrement in directional
stabllity resulting from the addition of a _canopy was
grr;atcr6 in &lmost all cases, at a = 10.6° than at

a = O 1 ' :

In order to determine the effect on the directional
stability of the model of opening the large bubble canopy,
valuss of Cry, @8 measured from the values of yawing-

moment coefflcient at W = £2° were plottud azainst angle .
of attack (fig. 9). The curves timus obtained mere -
considered sufficiently accurate to infer thaf opening

the canopy decreased the directional stavbllity of the -
model (with tall on) at negative angles of attack but had

little effect at—=mngles of attdack-in the normal landing

range. oL

SN
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Effect of Change in Vertical~Tall Area on AGn"I
The interference between the canopies and the model

with vertical tall off can be seén in figure 8(a) to be

negligible for the two small canoples and greater for the

large box canopy than for the large bubble canopy. ‘This'-

interference is slightly less at a = 10.6 than at

a = 0,1° : :

As the verticsl-tall area was lncreased, the galue
of Acn¢ increased., At an angle of attack of 0.1

however, the increase in ACnW resulting From the addition

of a vertical tail to the model or from increase in
vertical-tall ares was very small for all canopies tested
with the exceptlon of the large box cancpy (fig. 8(a)).
It appears, then, that the interference of the canopy on’
the vertical tail was serious at low angles of attack
only when the large box canopé was attdched to the model.
At an angle of attack of 10,69, canopy vertical-tail
Interference was apparent for all the canoplss tested,
which indicated that the canopy vertical-tall inter-
ference increased as the angle of attack increasad
positively.

Bffect of Changes 1n Fuselage ILength on Acnw

With verticael tail on, incrsase in fuselage length
decregased the value of AGner for the model at an angle

of attack of 0,1° (fig. 8(b)). At an sngle of attack
of 10,6°, however, increase in fuselage length increased
the value of Al The decreass in ACnW with increase

in fuselage length at a = 0.1° probably resulted from
moving the vertical tall farther from the canopy wake
when the model was in a yawed condition. The increase
in Aonw with increase in fuselage length at a = 10,6°

probably resulted from the lowering of the vertical tall =~

farther into the cgnopy wake as the fuselage length was
incrsased,

CONCLUSTIONS

A wind-tunnel investigation of the effect of canopiles
on directional stabllity characteristics of a single-engine
alrplane modsel indicated the followlng conclusions:
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1. In general, the sdditlon of & cencoy to the model
decrezsed the directionsal stmbllity of the model. .

2., Destsbllizing interfersnce between a canopy and
the model with vertical tall off resulted from the addl-
tion to the medel of only the two largest cinoples
tested.

2. Only the largest—aﬂﬁ lsast stresmlined canony
tested showed sappreciable canopy vertical-teil interferencs -
at low sngles of atbtack. As the . angle . of attack increassd,
however, all the canoples tested reduced the vertical-
tail sffectiveness, thse reduction being aooroxiratelv 210~
nortional to ths \eruical tall aree. N _ L=

il.. When the iaselags length was incrsased, the
decrssse in directional stabilluy resulting Irﬂm tta
aédition of a canopy to the model with vertical tall —
on became smeller at law angles of attuwck and larger &t .
high angles of attack, = .

Lenzley Meworlial Aeronsutical Laboratory :
Mationel Advisory Commlttes for ﬁerOnautios -
Langlsy Flsld, Va., December 20, L04;

-
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TAPLE I -
TATIL-SURFACE DIMENSIONS3 B
| ratl 'Desig- | Tail ares | Tail ares { Aspect | Taper
i surface nation ; (sq in.) !Wing area jratio ratio
——— : - — -
Vertical 1 i 10.83 0.0287 2.15 |2.90:1
DOmmmmmm 2 1 28.37 L0751 2.15 |2.50:1
H i
DO~mmmmm z i L,6.20 .1222 2.15 |2.90:1
Horizontal | ~—==== i 6Lh.21 L1679 3.99 {2.96:1
T L T ——
WATICHAL ADVISQRY -
COMMITTEL FOR AEBROFNAUTICS
TABLE II
MCDEL CONFIGURATIONS TESTED
| B v . i —
i Fuselage Jeigi‘ial ; Canopy
}
: Ooff
| Short - > Large bex; none
orft
N -3 Large box; large
4 Lubble; small
Medium box; small
2 bubble; unone
3
! offt
1. Medium Large bubble open
; z
]
i off
i Long - Large box; none
“

- — ——r ¢ s e ¥ St e . P osinalla o !
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(a) Bmall bubble canopy.

Figure l.- View of model mounted on three-strut support in
Langley stablility tunnel.

"ON NIL VOVN

2601

874

=l




(b) Small box canepy.

Flgure 1.~ Contlnued.

*ON NIL VDVN
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{e) Large bubble canopy.,

Figure 1.~ Continued.
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- Continued.

(d} Large box canopy.

Filgure 1.




Large bubble canopy open.

Flgure 1.- Concluded,
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