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WIND-TUNNEL INVESTIGATION OF EFFECT OF CANOPIES
ON DIRECTIONAL STABILITY CHARACTERISTICS
OF A SINGLE-ENGINE AIRPLANE MODEL

By FRobert MaclLachlan and Joseph Levitt
SUMMARY

A low-wing, single-engine airplane model was tested
in the Langley stability tunnel to obtain data showing
the effect of canony size end shape on the directional
stability characteristics of the model. -

In general, the addition of a canopy to the model
decreased the directional stability of the model. Desta-
bilizing interference between a canony and the model with
vertical tail off resulted from the addition to the model
of only the two largest canopies tested. 'Only the
largest and least streamlined canopy tested. showed
aopreciable canoony vertical-tail interference at low
angles of attack. As the angle of attack increased,
however, 211 the canopies tested reduced the vertical-
tail effectiveness, the reduction being appnroximately
nroportional 'to the vertical-tail area. When the fuse-
lage length was increased, the decrease in directional
stability resulting from the addition of a canopy to the
model with vertical tail on became smaller st low angles
of attack and larger at high angles of. attack.

INTRODUCTION

A recent unpublished investigation based on flight
results indicated that interference of a canopny on -the
vertical tail of an airplane might seriously affect the
directional stability of the airplane. The limited amount
of data available, however, did not nermit an adeguate
determination of canopy-tail interference.
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The present investigation was madé to obtain data
showing the effect of canopy shape and size on the
directicnal stabllity of a low-wing, single-engine air-
plane model. In order to cover a wide range of canopy
size, two of the four canopies tested were larger and
two were smaller than would be expected for a conventional
fiphter~type airplane. In addition to variations in size
and shape of canopy, the tests included changes in
vertical-tail area and fuselage length.

s
APPARATUS AND IIODEL

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

A three-view drawing of the model is gilven as figure 2.
The fuselage was of clrcular cross section and its length
was changed by the use of three interchangeable tail
eones., (ses fig. 2.)

'he four canopies used in the present investigation
have been designated the small dbubble canopy (fig. 1(a)),
the small box canopy (fig. 1(b)), the large bubble canopy
(fig. 1(c)), and the large box canopy (fig. 1(d)). For
one test the large bubble cancpy was cut and the rear
portion moved back to simulate an open canopy (fig. 1(e)).
The two large canopies are the same in frontal ares and
shape and, in like respects, the two small canopies are
identical. A line drawing of the model showing the
various canoples is given as figure 3.

Three geometrically similar vertical tail surfaces
conforming to the NACA 0009 airfoll section were used.
The aspect ratio of each of the vertical talls was 2.15;
the vertical tails were installed on the model at 0° angle
of incldence reldtive to the plane of symmetry of the
model., The horizontal tail of the model also conformed
to the NACA 0009 airfoll section but had an aspect ratio
of l;.0. The dimensions of all the tail surfaces are
preésented in table I and figure 2,

TESTS

The model configurations tested are given in table II.
The model was tested through an angle-of-attack range
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from about 450 a1 g angles of yaw of %2° and through

an angle-of-yaw range from -10° to 207 at angles of attack
of about 0° and 10°. A1l tests were made with the

propelléer windmilling. The dynamic pressure was 6l,.3 pounds
per sguare foot. The corresponding airspeed under standard
sea~-level atmospheric conditions was 159 miles per hour

and the Reynolds number based on the megn “wing chord of

the model (8.75 in.) was ‘gsbout 1.1 X 106, The Mach number
was approximately C.21.

PRESENTATION OF DATA

he results of the tests are presented in standard
MACA coefficient form in figures L to 9. The pitching-
moment, rolling-moment, and yawing-moment coefficients
are given about the center-of-gravity location shown i
figure 2, The data are referred bto the stebllity axes,
whileh ere a system of axes having thelr origin at the
center of gravity and in which the Z-axis is in the plane
of symmetry and perpendicular to the relative wind, the
X-axis 1s in the plane of symmetry and perpendicular to
the Z-axis, and the Y-axis is perpendicular to the plane

of symmetry.

The coefficients and symbols used are defined as
follows:
5 Pl i Lift
O, 1Ift soefficient { ezt }
Qow /

/A MUREIE
Cp total drag coefficient {Q£?5§
) \Ll’_'.;)l_!/ 4

;/. N
C~r lateral-force coefficient [—
. y i i q_S‘,(m /
v V/
. o - g 5 I/ o 2
Cy roliing-moment coefficlent | ——*
\\qSWb
. DS
N
O pitching-moment coefficient ( *¢_}
: : z'\quwc/j ! : g
W T 17N /NN
Cn vawing-moment coefficient i — i
QSWb/ i
i e '
ny s
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ACH increment..of Cp resulting from addition of canopy

to model
: (505
ACy, "slope of curve.of ACp against ¢ at ¢y = 0° (é =
v v . e Ui
X force along Y-axls; positive when scting to the
ght ‘
L moment about X-axis; positive when it tends to
depress right wing

moment about Y-axls; positive when 1t tends to
raise nose '

N moment about Z-ax
turn neose to r

[

8; positive when 1t tends to
ght

e %
q dynamic pressure, pounds per square foot Q%pvd)
J
v free-atream velocity, feet per second
o] mass density ‘of -alr, slugs per cublc fioot

Sw wing area (2.625 sq ft)

b wing span (I ft)
e aipfoll seetlion chord, feet

7 (\‘C-/a \
¢ mean aerodynamic chord (% g S dp g 728 f't

: b

Sy vertical-tall aresa, square feet
a angle of attaek of fuselage centsr line, degrees
Vi angle of yaw, degrees

The accuraclies of Cp, C;, and Cy were determined

experimentally to be about to.001 £0,0016, and *0,002,
respectively, The accuracles of the angle-of-attack and
angle~of -yaw measurement were about $£0,1° and %0,05°,
respectively. Since the accuracy of C, was about
¥0.001, the accuracy of ACp (the computation of which
involved the subtraction of two Cp-values) was only
*0,002. The subsequent falring of the curves of ACp
against ¥ was believed justifiable although some of
trhe points fell outside the 0,002 limits.
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The Goprectlons to gng
ficients for tunnel-wall eff
following formulass

cct were computed by the

S
A= L; .5& i CL~

where + &y 1is the jet-boundary correction factor at

wing (0.1525) and C is the cross-sectional area of
tunnel (36 sq ft). BRoth corrections were additive.
tare tests were made and no jet-boundary corrections
were appllied to the other coefficients.

DISCUSSIOY
Effect of Large Box Canopy on Lift, Drag,

nd Pitching-Moment Coefficients

Te effect of the large box canopy on the 1lift,

in figure L. The 1ift coefficients were the same for

both canOr”—ofp and canopy-on conditions. The effect’

x|

le of attack and drag coef-
i

= A
Tie

the

NO

1 drag,
and pitching-moment coefficients of the model is shown

of

separation of flow at the wing “O”’S, which was observed

in tuft tests of 'a previous investigation, can be seen

in the Urellﬂ'wpry rounding off of L‘e 1ift curve at
angles of attack of about 1zu Without fillets at the
wing-fuselage Jjunction, this separation occurred at an
gnels ‘of atta el bet"een o 3ﬁd 186 er canopy apparently

did not affect the angle at which separation occurred

With the canopy on, the drag coefflcient of the model was

higher than with the canory off, as would be expected.

At negative and small poslitive angles of attack, addition

of the canopy made the pitching-moment coefficient more

BES GV e

Effect of Canopies on Yawing-iioment Coefficient

The increments of yawing-moment coefficient resulting
own

from the addition of the canopies to the model are sh
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in figure 7. The variation of these increments with
angle of yaw tended to be destabilizing except at low
angles of yaw, where for the small canopies and the large
bubble canopy the variation in AG, with  frequently
appeared to be stabilizing. The values of AC, at low
angles of yaw, however, were somewhat erratic; therefore
the curves of AC, against V¥ were faired linearly
from Y = -10° to ¥ = 10°, At angles of yaw greater
than 10°, the increment of yawing-moment coefficlent for
the model with vertical tail on tended to decrease as
the angle of yaw lncreased. This effect, which became
more pronounced as the vertical-tail area was increased,
may be attributed to the departure of the vertical tail
from the canopy wake as the angle of yaw increased.

Effect of Change in Canopy Size and Shape on AC,

The slopes Aan were measured from the curves in

figure 7 and were plotted against the ratio of vertical-~
tail area to wing area (see fig. 8). 1In general the
canoples tended to decresse the directional stability of
the model. The change in Cp, resulting from the

addition of a canopy to the model was greatest for the
large box canopy and was progressively less for the
large bubble, the. small box, and the small bubble
canopies. The change in an when the large box canopy

was added to the model amounted in one case to as much as
one-fourth of the value obtained for the model with
canopy off, whereas the addition of the small bubble
canopy had very little effect on an. For the model

with vertical tall on, the decrement in directional
stabllity resulting from the addition of a canopy was
greateré in almost all cases, at a = 10.6° than at

G. = 0-1 °

In order to determine the effect on the directional
stability of the model .of opening the large bubbls canopy,
values of Cpn, as measured from the values of yawing-~

moment coefficient at ¥ = #¥2° were plotted azainst angle
of attack (fig. 9). The curves thus obtained were
considered sufficiently accurate to infer that openlng
the canopy decreased the directional stability of the
model (with tail on) at negative angles of attack but had
little effect at angles of attack in the normal landing
range.
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Effect of Change in Vertical=Tail Area on ACnl
s
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‘ The interference between the canopies and the model
\ with vertical tall off can be seen in figure 8(a) to be
[ negligible for the two small canopies and greater for the
} large box canopy than for the large bubble canopy. This
[ 1aterference 13 81lghtly less st o = 10,6%9 then %¥
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however, the increoase in Aqu resulting from the addition

of a vertlcal tail to the model or from increase 1n
vertical-tall area was very small for all C%nOplCo tested
with the exception of the large box canopy (fig. 8(a))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 bhox canopy was attaohed to the model.
At an angle of attack of 10.6°, canopy vertical-tail

| interference was apparent for all the canopies tested,

| which indicated that the canopy vertical-tail inter-

) i ference increased as the angle of attack increased

| positively.

|

|

|

|

|

|

|

|

I

|

|

|

|

:

Effect of Changes 1n Fuselage Length on ACn¢

With wertiecal tail on, increase in fuselage length
decreased the value of Aan for the model at an angle

of 10.,6°, however, increase in fuselaze length increased

|
l
of attack of 0,1° (fig. 8(b))e At an angle of attack
|
the value of Aﬁnw. The decrease In ACnhy, with increase

in fuselage length at a = o probably resulted from
moving the vertical tail farther from the canopy wake |
when the model was in a yawed condition, The increase |
in ACnW with increase in fuselage length at a = 10,6°

\

probably resulted from the lowering of the vertical tail
. farther into the canopy wake as the fuselage length was
incrsased,

| CONCLUSIONS
A wind=-tunnel investigation of the effect of canopies

on directional stability characteristics of a single-engine
airplane model indicated the following conclusions:
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1. In general, the addition of a canopy to the model
decressed the directional stability of the model.

2, Destabilizing interference between a canopy a
the model with vertical tail off resulted from tne addi
tion to the model of only the two largest canopies
tested.

nd

—

3. Only the largest and lsast streamlined canony
tested showed anpxeuiabl° canopy vertical-tall interfsrence
at low angles of attaeck. As the angle of attack increased,
however, all the canopies tested reduced the vertical-
tall effectiveness, the reduction being aonroximately pnro-
portional to the vertical-tail aree.

li. ¥hen the fuselage length was increased, the
decrease in directional stability resulting from the
addition of & canopy to the model with verticel tail
on became smeller at low angles of attack and larger at
high angles of attacl,

Lanzley Memcrial Aeronautical Laboratory
Nationsl Advisory Committee for Leronautics
Langley Field, Va., December 20, 1945
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TABL

TAIL-SURFACKE

[ E e )
i Tall  Deslg~ | Tal]l ares { Tall svesn Aspecti Taper

i surface | nationwi (sg in,) !Wing area  ratio j ratio
s ,_,-A-..-._-.._w..-_.--.‘: et S e £ e e S A B
[} H ! i ;

Vertical | 1 i 0.0287 B

Horizontal

sl
(OO

DIMENSION 3

g 10.8%
| 28.37
; L46.20
? 6lp.21

2,15

L0751

!

1

hi 216
o

|

|

7
«1699

2+90:1

|
| 249021
I

2.96:1

MCDEL CONFIGURATIONS TESTED

Vertical |

Tail i

Canopy

s e s rvag o s 28

Short

Off

Large box; none

Medium

arge box; large
bubble; small
boxi; small

bubble; none

Large bubble open

Large box; none







Figure 1.- View
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(a) Small bubble canopy.

of model mounted on three-strut support in
Langley stability tunnel.
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