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ON M RECTIONAL STAE!ZLTTY C?3ARAC~RISTICS

OF A SINGLE-ENGINE AIRPLAlfE MODEL

By Robert ?@cLachlan arf! Joseph Levitt

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

—-.—
In general, the addition of s canopy to the model

decreased the directional stability of the model. Desta-
bilizing interference between a canopy and t-ne m~del with
vertical t~l off resulted from the additi on to the model
of only the two largest canopies tested. Only the
largest and least stre~mlined canopy tested showed
appreciable canopy vertical-tail interference at low

f angles of attack. As the angle of attack increasg-d~
however, all the cano~ies tested reduced the vertical-
tail effectiveness, the reduction betng approximately
pro~ortional to the vertical-t=il erea.
lage length was increased,

When the fuse-” ‘-
the decrease in directional “---”

stability resulting from the addltlon nf a canopy to the
model with vertical tail on became sw.aller at low angles
of attack and larger at high an~les of sttack.

.

INTRODUCTTOIT .-

A recent unpublished investi.gatlon based on flight ~
results indicated that interference of a c~fiopy on the
vertical tail of an airplane might seriously aff’ect tk~e
directional stability of the airplane. The limited amoun~
of data available, however, did not permit an adequate
determination of canopy-tall interference.
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~P_hepre”sent ~nve?tigation I.Yasmade to obtain da-
showing t-he effectruf’ Can+qpy shape and size on tlhe
directional statiility of a low-wing, shgle-e~e air-
plane mode 1> In order to cover a wide rEnzO- of canQ2y
size, two of the four canopies tested were larger and
two were smaller than would be expected for a conventional
f’i~!lter-typa airplane, an addltton to variations in size
and shape of canopy, the- tests included chances in
vertzhhal-tail area and f’usela~e length~

APPARATUS AND HODEL
.—

The tests were conductod in t-he.6- by 6-foot test
sectio:n of. the I,an.gley satiability tunnel. E%e model was
mounted on a tl-me=-strut SUj)pOI’t- (fig. 1), and force and
moment r“eadings were obtained from the tunnel balances.
A three-vim drawin~. of the. model is @ven as fi~ure 2,
7%6+ fuselage was of circul&r cross section and Its len~th
was than ed by the use “of thre”e .int6rchan&eable tail

tcones. -See fi~.. 2.)

/Tk+-four cahopies used in the present irtvesti~ation
have been design-ated &he small Wbble canopy {fi~. l(a)),
the S?IM~l ?30X CEUIOPY (fig. l(b)), the large bubble canopy
(fig. l.(c)), and the large box Ca?ICIPy(fi&. l(d])j For
one test bhe large bubble canopy ‘ras cut And the rear
portior moved back to simulate” an open canopy (fig. l(e)).
The twc large cano~ies are tke- same. in frontal area and
shape and, In like respect s..,the tv:o small c&nopie8 arO
identical. A line dzzawlng of the model showing the
various canopies is ~iven as fi~ure 3.

.-

.-

Thnee ~eometrically similar vertical tail 9urf’aces
conformin~ to the HACA 0009 airfoil section wcro used,
‘The aspzct ratio of each of’ the vert~cal t-ails was 2.l~,;
the vertical tzails were installed on the xodel at 0° an~le
of incidence relatlve to the plane of sy-mmetry of the
mode 1. !?’hehorizontal t-ail of the model also conformed
to the WACA 0C09 airfoil section ?m’c li~d an aspect ratio
of’)J.o. Thedimensions cf all the tail surfaces,. are
presented in table I and figure .2,

,- .—

The model configurations twsted are &iven in table ~.
~he model was tested t&ou@ an angle-of-attack ran~a _.,----
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from about -5° to 10°
an angle-of-yaw range
of about 0° and 10°.

3

at angles of yaw of @0 ~iri.dt;~=Gu#h
from -10° to 20° at angles of attack
All tests ware made =it~~ tbs.

propslle~ windmi lling. The dynamic pr~ssure was 64.3 pounds
per square foot . The corresponding airspeed under stand=d
sea-level at~l~spb.eric conditions was, .1.59 tiles per hour
and the Reynolds number based on the’ me “n wing chord of

tthe model {8.73 h. ) was about 1.1 x 10 . Tlae Mach- number
was approximately C.21.

PRESE !7TATIOH OF DATA ~-- ..,.

The results of’ ~~-etestsme presented in standard
UACA coefficient forin in figures 4 to 9, W,e p?_tchin&-
moment, rolling-moment, and yawing-moment coefficients.
are given about the center -of-~ravity location shown in
rl.[<ure2. Thed.q~”aarereferred tO the st.abilit~ ~e~s
which are a s~stem of axes b-avi~~ the Ir ori~in at tune

—

center of ~~a;ity and in xhi ch _cfieZ-SX33 is in the plane .
. of symmetry and perpendicular to the relative” w~Ad, tine

-“..._~

X-axis is in the plane of sy~tietry and perpendititi”~ to ._ ..__
the Z-axis,. and the Y-axis is perpendic-~lar to the plane
of symmetry. ‘r ----

T~:e coef’fici~nks ~d symbols us,ed are defined as
follo’ws :

. .

.

CL lift coefficient
()
Lift ‘
q,

CD total dyaG coefficient
;&a&] -

(, )@.;, k

+
[Y’ ~,)lateral-force coefficient —
i.,qs~

CL ‘ r 0’1l-in~-no’ment ‘c<eff’i.ci~tit.
)

(+

{.,

cm
“( )

@it C5iZl~-rrlCmellt coefficient, ‘_ - j
\qswc

.-

Cn ‘lT”

()

~a-,yi~-mo-r,ent COe. fficient _
~~b

c ___
n* bw

-—
.

.-

.-

.

.

.,
.

.
...-
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Acn -—tncrenen&-of Cn resulting frori addit ion of canop~
to model

w-i~_.‘slo.po of Gw-’.ve_of tjCn a~aiqst-$ at ‘~,.._. = 00(-)

m —.
---

.-. --
...-

—..—.. .. .

.

force along ~-sxis; pbsitivc when acti& to the
...
-.

riCht ._ .—

--moment about X-axis; positive when It tends to
-— dcnress ri~ht wing .. ..-— ...-=+

moment about Y-axis; ,poslt.i.voWhen it tends to
raise nose

mor,ent about Z-axisj positive when it– t-rids to
turn nose. to righ~ .-i.=.=

.
dynamic pres suti~s pounds per square foot

($ ‘v’)
free-stream “velocity, feet per second

,aass density of air, slugs per cubic foot

wing area (2.625 sq f%)

wing span (11ft )

airfoil section chord, =t

([

b/2

mean aerodynamic chor c1 g
s

~2 db

)

= 0.728 ft
— . Lo
veztical-tail area, 6quare feet

a.np~e of at tack of f’-usela$yccefiter line, de~jrees

arqzle of yaw, degrees

The accuracies of ens CL , and” Cy were de ter”mlned

experimentally to be about .*0,001, *0.0016, and @.002,
respectively. The acctiacles of the a~le-of-attack and
an~le-o.f’-yaw measure.tients were a?>out-*rY.l” and *O. OjO,
respect Lvely. Since “the accuracy of Cn was about
*().001,” the accuracy of Acn (the comp~ta~on of wjni~h

involved the subtraction of two Cn-values) was only
*oc0f22, The subsequent fairing of the curves of” LCn
n~ainati..+ was believed justifiable.alti~ough some of
tlze points fell outside tbe *0.002 limlts.
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‘Nki53? C Ey,j is the jet-boundary correction factor at the

w1nz-(0.1525] “ad c Is t>zz crass-sectional “arha Qf the
tunnel (36 sq ft). p,oth correction-s were additive . ?;0
tare tests were made and nc jet-bo~dary corrections
were applied to the other coeff’icley.ts. -.—.—

.—..- . _
and Pitchi~.-.Moment Coefficients

----

‘Z% effbet of the lar~o box camo-py or. ,Me lift, dra~=,-
and pitchi,ng-zmtae.n~ cosfficien tS o~’the~odel is shown
in fig-me ~P. The lift coef:f’icien~s were the sane for .- _-

~oth canopy-off aad canc?y-on conditions. The effect of
separation of f’lov at the win~. rocts, nhicti.was observed
in. tuft tests of a previous investl~atlon, can te seen
in the preliminary roundin~ off of t?~e lift “cim=ve at
an~les of. attack of shout 13°. ‘+iti~o:ltfillets qt tlie
wing- fusela~e junction, ~~is sepa~atf,on occurred at an

.

an~le Or attack between 8° and lCIO, The cknopy agparentily
-.-- .—

did not affect tlie.an~le at which separation occurred.
Tith. the canopy on, t’he dras coefficient of the mbd~l was ‘- ‘- “-
hiCher t~~an ~~ltli the canopy off, as ik~~~ldbe expected . “-’-‘ ‘-
At ne~ative and small positive an@cs of attack> addition
of the canopy rcade the pitchin~-momen. t ~oefficient “~Lor~”

positive.

,

Effect of Canopies on Yaki~-Xoment Coefficient .

The i.ncnements of ~aw@j-mometit coaffi.cient .resultiLpg
from the add ftion of t% canopies to the mode I.are “shown
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i.rl fi{pll=e7. The variation of ttrese increments with
an~le of yaw tended to be dest-ablliz~ng except at low
an~les of’ yaw, wheye for the small canopies and the lar~e
bubble canopy the variation in ACn with * frequently
appeared to be stabilizin~. ~ ‘The v’alues of .LCn at low
anrles of yaw, :~”owever, were somewhat erratic: Eherefore
t~le cm?yes of ACn against--”w were faired Ilnearly
from ~ = -100 tm– 1/./= 100. At. angles of y~w geate~
than 10°, tlqe increment of yawing-rqornent coefficient for
the model witl~ vertical tail on tended t.o decrease as
the anCle of yaw increased,. This effect, which became
more pronounced ‘ag the vertical-tail area was increased,
may be attributed to the departure Qf the vertical tail
from the canopy wake as the angle of yaw increased.

,1

sf’fec”t”of. chan~e in.Canop~ Size and Si?ape on 4C~.,

The slopes ACnlu were measured from the curves in

figure 7 and v;ere plot-ted againstithe ratio of” vcri.ical-
tuil area to wfnfj area (see rig. 3). In .gener&l the
cariopios tended to decrease. the directional stability of
I;p:e~oc~~l, “The change in Cnti r+lQ_tin& frbm the

additic)n of a ca-no”pytO the mbdel.was ‘graatLst for the
lar@ box canopy and was proSrwssively less for Lhe
large bubtile, the small box> and the small bubble
canopies . T~le chan~~ in Cn* when the large box canopy

was added to thti .wodcl amouniqd ~~none case t~ &q much as
one-fourth of “the “value obtain&d for the rlodel with
cly~opy off, Wk.ereas t?l~ addition tif tti~esmall kub’ble
canopy bad very little effect” on %a “ For the mod61

with vortfcal tall on, the decrsment’in directional
stability resultin~ from the tiddition of a canopy wag
greater in ahost all c.sses, at a a 10.60 than at-
a= ~616*

~n order to detmmi,ne the effect on the directional”

stability of the model of ‘openinc the lar~e bubbl~ canopy,
values of %,! as measured frum the values of’ yawinE-
mO~[l&nt”~>oe”ffi&ient~fi ~“-< *20’w~Ps p-lotti~ a~ainst- ancle
of attack_(fi~. 9). The curves Hrm obtained were
considered sufficient-ly accurate to infer thab apenin~
the canopy decreased -the dire~tlonal sta-oility of’the
model (with tail on) at ne~ative ancles of abtack but had
little effect- at~nGles of attQckin the normal landing
range .
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Effect of Change in Vertical-Tail Area on AC
. %

The interference between the canopies and the model
with vertical tail off can be se~n”in figure ‘8(a) to be
negligible for the two small canopies and greateti for thti
large box ca.nopy’th,an for the lar~e bubble canopy. This
inje;f:gence is slightly less at a = .10.6° than at -
CL.. -.

..-

As the vertical-tail area was increased, the ~alue
of AC

w
increased, At an angle of attack of 0.1 , -.

however, the increase in AC
w

resulting from the addition ‘

of a vertical tail to the model or from increase in
vertical-tail area was very small for all canopies tested
with the exception of the large “box “c~opy (fig. ~(a)).
It appears, then, that the inter~erenceof the canopy oi-
the vertical tail was serious at low sm~les of attack
only when the large box canop~g was attached to tlm mode~-
At an angle of attack of 10.6 , canopy vertical-tuil
interference was apparent for all the canopies testedj
which indicated that the canopy vertical-tail inter-
ference increased as the angle of attack +~ncreased
positively. .-

Effect of Changes in Fuselage Length on ACN

.

With
decreased

of attack
of 10,60,
tho value

.-.

vertical tail on, increase in fuselage length
the value of

“w
for the model at an angle ——

of O.1°(fig. ~(b)). At an angle of attack
however, increase in fuselage length i~creased
of ACnWa The decrease in ACn~ with increase

in fuselage length at a = O.1° probably resulted from
moving the vertical tail farther from the csnopy wake
when the model was in a yawed condition. The increase

‘n “n~ with increase in fuselage

probably result%d from the lowering

farther into the canopy wake as the
incraased.

CONCLUSIONS

A wind-tunnel invasti~ation of

length at a = 10.6O
of the vertical ta”il.“- ‘-”’”
fuselage length was

.. —

the effect of cano~ies
on directional stability c~aracteristics of a sind~e-e~lne

-—

airplane model indicated the following conclusions~

.,
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1.. In general, ~he 8~~f.tioi OL a Csnoay” t& the model
decrensed the dlr.scti.onal st~btlity of the model.

l,an~ley Memorial Aeroznauti cal Laboratory
~?ational Advisory Cornmlttee f@r AerOnQ~~liOS

Langley Field, va. , December 25, A..-@

—-

.—

..

.
.—.

.

—

—

=
.—

. .=.-=

—.

.

.-

.- .—

,.-
.x
..-.—

- -.
.a—

. *
- ... -“.29... .. ..=



9

rxd

I
IDo------
il~o ------
1

LHorizontal

.

.

.

‘TA~LE I

TAIL-SURFACE DIb!_ENSIOKS

—-

q 10.83

2~ 28.3?

3
i~ 46.20

t------ i 6~.21
r

———— —

0.0287

.0751

.1222

.16”?9

/ 2.15
j“
I 2.15i
~ 2.15

I 3*99

Taper
ratio

2.90:1

2.90:1

2.90:1

2.96:1

—.

T.X3LE II

YCD2L CCWFIGT.?RA’TIONS TESTED”
—.— .—

T
.—.———

FueelaGe Vert ica~-
tail

Canopy
!

off ~
Short -

--l

1 Large b cx; none
2

).—.—

1

I

off ;
Wediurn Large bubb Ie open

i“ 2 I
!

i I off~ Long
{

Large box; none
, 1 2,
L r f— — —..—— — .......— ..—- -—— —- .——.— .-—

. ..——



,. ,

[a) Small bubble canopy.

Figure 1.- View of model mounted on three-strut support l.n
Langley 6tab~lity tunnel.

#



,

I

(b) Small box canopy.

Figure 1.- Continued.
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Figure 1.- Continued.
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[d) Large box canopy.

Figure 1.- Continued.
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[e) Large bubble canopy open.

Figure l.- Concluded.
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NACA TN ~0, 1052 Fig. 5f
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