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SUMMARY

. <"
P

As ons phase of a omprehensive canopy load investigafaion,

-conventional front.and rear sliding cancpies which are typified by
ingtallation on the SB2C-YT aizplane; Were tested.in the Iangley Ffull-—

scale tunnel to determine the pressure dlstributions -and the aexro— .
dynamic loads on the canopies. A preliminery snalysis of the results
of these tests is presented in this report: Plohts are presented that
show the distribution of pressure at four longltudinal stations through
each oanopy fora renge of conditions selected to determine the effects
of varying canopy position, yaw, 1ift doefflcient, -and power. The

... results indicate that the maximum Icads, based on thé ektermal-internal
- -pressure differential, for the front and rear canoples woi¥e” obtained

with the alrplens simmiabting the high speed Tlight condition. The
highest loeding on the front canopy was in-the exploding directlon
for the confignratlon with ths front and rear canopies closed., The
highest loads on the rear .ocanopy were in the crushing direction with
the front canopy open and the rear cenopy closed, For most of the
simulated flight conditlons, the highest locads on the. front _eanopy, "
per unlt area, Were over twlce as grest as the highest loads” on the
real canopy Wwhen the comparison was made for the most oritical Qanopy
configuration in each caess. The exbtermal pressure distribution over
the front and ryesr canoples, .which were.falrly symmetrical at 0° angle
of yaw, were greabtly dlestorted at other yaw attitudes, particularly
for the propeller operating conditions. These distorted pressure

- dlstributions resulted in logcal exploling and crxushing:iloads on both

canopies whlch were often considerably higher then the average canopy
loads.

INTRODUCTICE
The occurence of cancpy-failures has indicated that presént load
requirements used im the design of canopies and thelr components may



2 K T PRI YL I NAGA R No, LTDOL

PR L L amas gt

not be adequate. As the current load requirements are based on wind-
turmel pressure distributions obtaineéd: ‘over a range of pitch and yaw
ettitudes with the canopy closed and do not inelude accurate measure—
ments of internal pressure or of the effects of ocanopy opening, 1t is
deslrable that these factors be investisated a.nd. the critioal load
condition h¢ more wsaurately defimed. . .

Ag & result, a general inveastigation hgs been conducted at the
Langley Laboratory of the Natlonal Advisory Cammlttee for Asronautlce
to determine the oritical load requirements by means. of extermal and
internal pressure measurements on ailrplanes employing three represen—
tative types of ocoanoples. The three types of canoples seleoted for
the tests were the conventional single sliding enclosure, conventional
front and rear eliding enclosures, and the bubble-type enclosure which
are typified by the installations on the Grumman F6F-3, Curtiss
SBEC—II-E s end .Grumman FEF-1 airplane, respectively. . ]

As the first phase of this. :lnvestiga:tion tests have 'been made
in the Langley full-scale tunnel to determine external and internal
pressure dlstridbutions on the three types of canopies for an ,
extensive range of simulated flight conditions with canopy position
va.ried. .from closed to full open.

This report presents a ;prelimina.ry a.nalysis .of the resultis
obtained with the conventiongl front and rear sliding vancpies on
the SB2C~LE airplane. Additional reports have been prepared aovering
resulis of the conventional single sliding canopy and the bubble 'bype
canopy.- {See references 1 and 2,)

SYMBOLS
0, lift ooaffioient( ) L
P ' pressure coefficient\ )

S ghrust coefficien'b -

D propeller dlemeter, feetl .

L lift, pounds

p tocal static pressure,, pounda per sg_uare foot
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D, free—stream static pressure, pounds per squere foot '
qy Lroe-stresm d.;y'namic pressure, pm per equare food'

8 wing a:k"ea.; BQUATS :i;ea-b . |

T ‘thrust, pounds

v aix'spee;i, feet per’éeaonﬁ.

o) mass 'd.e_tnisty of air, siugs per oublc foob

Subseripts: ' ' S .
@ externel

" £  fromt of the osnopy -

s i in{;ex*nal

&

r rear of the ca:nopy

AIRPLAIE 'Alm GANGPIE‘S

The Curtiss- SBEG-}—LE airplane is a single»—eng:me, ‘Gwo-.plaoe 3
low-wing scout and diveé bomber for use eboard alreoraft carrierd, The
airplane is equipped with & four-blade l12~foot 2-lnch dismeter
- Curbtlss eleatric propeller, model C5L23-All, powered by an R-2600-20
Wright engine having a militery rating of 1720 brake horsepower at
2600 rmm at ses level. The gross welight of the alrplens is about
15,000 pounds; the wing area is.about 422 squave feet. A three-view
drewing with the principal a.imensicns of 't:he alrplane is shmm in
figure 1. . .. _

The ai:cpla.ne is equipyeé. wi-bh canopies éach of which is ‘mounted
on four carriers that roll on tracks deslgned to raise the “ganoples
slightly and at the seme time direct.them over the fuselage when
opening, The front canopy slides to the rear while the rear danopy
slides forxward, The front capopy 1s subdivided into‘'two large.
Plexlglas side panels and is equipped with a gulck-release Jettisoning
lateh., The rear cenopy consists of a mumber of Plexiglas penels
and has a built-in emergency hatch. - The latter camopy algo is’
equipped with & hinged deflector om esch side of the canopy shown in
Pigure -2, which exterds owtward from the cenopy about 50° when the
canopy is in the-full-open.position.: With the rear canopy in the
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closed position; the deflectors wvetract flush with the sides -
(fig. 2). A line drawing of the canopies showing the contours and
the principal dimensions is presented in figure 3.. As tan Ve ‘seen '
fram this figure, the canoples have straight forward and aft
sections, There was no effective pertition separsting the front end
reey cockpits in this alxrplane.

 METHODS AND TESTS . . .. ¢ a0

The SB2C-UE airplene is shown.mounmed on the tunnal balance _
in figure 4, "

External pressures over the front and rear canopies, ovel the
fuselage between the front and rear canopies, and behind the rear
canopy were determined by means of static—pressure orifices installed
flush with the surfaces. Internal pressures on the cancpiss were
measured with statie—pressure tubes fastened to the inner surface of.
the canopies, The locations of the statlc—pressure orifices and
the static~pressure tubes are shown in figure 3.

The Internal and external pressures were measured with the
propeller operating and with the propeller removed for various
canopy positions, The tests were made with the alrplane set at
angles of attack corresponding to 1lift cocefficients of 0.17, O. 56,
0.98, and 1,33, which were determined from propeller-removed force
test date (fig. 5). These 1lift coefficients cover the range of
f£13ght attitudes from teke—off to high-speed level flight at sea
level. The propeller-removed tests included the four lift
coefficients at 0° and -7° angles of yaw and the two high 11t
coefficients at ~15° angle of yaw, These tests were repeated with
the propeller operating at'military power and the range of yaw
angles was exiended to include T° and 15°, In addition, with the
propeller operating at idling power, tests were made at Cr, = 1.33

for each yaw engle, IXaoh test was made for the followling six
canopy arrangements; with the rear canopy full open, the front
- canopy was olosed, 3—~inches open, one-half open, and full open;
and with the rear canopy olosed, the front canopy was full open
and closed.

All the tesis were made with the cowl flaps closed In order -
to give the data & greater range of applicability emong airplanes
with different cowl flap arrangements,

The effeots of the propeller operation and yaw on Cj, were
neglected in establishing the test progrem becsuse slight changes in
this verlable were considered to be of secondary lmportance for
these testa,
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To eimplify testing in the full-scale tumnel, the propeller
blades were fixed at & blade angle of 26°, measured at the 0.75
radius, for all tests with the propeller operating. This blade
angle very closely simulated the correct thrust—torque relatlonship
for this airplane over the range of power c¢onditions employed in
these tests. Thrust coefficlents, used in the tests to simulate
constant milltery power operation in f£light for sach of the reepective
1ift coeflficients, were determined from the curve of T, against

C;, caloulated for sea—level military power-(fig. 5).
The idling power tests were made -at the lowest possible sméoth—-

ruming speed, The tests were made at s tumnel a.irspeed. of approxi»
mately 62 milea per hour.

RESULTS AND DISCUSSION

All canopy pressures are expressed in this report in tems of

the coeff_icient B, e@ual to . E—:-;-si?. The external pressure coefifl-—

cients - P, are px:'esented.,_j.n lateral plots for four represen%ative

longitudinal stetions on sach cenopy. The figures alsc include the

inte:ma.l pressure coefficients Py Lp and Pi s; which are the

average internal pressures at the front and. at the rear of the
canopies, These.two lnterrial pressure ocefficients are presented
because there was practically no variation among the individual
internal pressures at elther the front or the rear stations, but
there was some variation beiween averages pressures of the stations.

Front Cmo'py Preasures

The test results for the front canopy. are presented in fig—
ures 6 to 13.

Canopy position effects - Six c8nopy ppsitions are presented in
sach Tigure to illustrate the variation of the pressures with ceanopy
opening for each test condition. In general, regardless of yaw angle,
1ift coefficlent, or power condlilions, the external pressures over -
the front canopy wers uniform lopgitudinaelly for the configuratlon
with the front canopy closed and the rear canopy full open. Opening
the front canopy 3 inchee, with the rear canopy full-open, produced

_high negative sxternmal pressure pesks over the front of the canopy.

Further opening of the front canopy caused a reduction in the
high negative pressure peaks untll at full-open the preasures
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were ageln uniform longltudinally. The pressures over the rear part
of the canopy were not appreciably affected by opening the front
canopy, and. gonsequently, the over—all extermal pressure lncrease with
the front canopy 3. inches open and the rear canopy open was only
moderate. Rear canopy position appears to have negligible effeat on
the front canopy éxternal pressure distribution.

The intermnal pressures are direotly dependent upon the. external
pressures surrounding the canopy and upon the amount of leakage between
the two pressure fields. Opening the canopy has the effect of '
ingreasing the leakage ares. Consequently, the oconfiguration with
the front canopy full—open and the rear canopy olosed produced the
highest negative intermal pressures; the lowest negative internal
pressures were produced wlth both cenoples closed. To illustrate
the magnitudes of the intermal pressures for these two canopy setiings,
figure 9(d) shows the average internal pressure coefiiclents ranged
from —1.01 with the front canopy full—open and the rear canopy closed
to -0, lO with both canopies closed.

. The configuration vhich produced the highest net loads on the
canopy based on the differentiasl of the external and internal pressure
coefficients (P, — Py) was that with the front and rear canopies

oclosed, for -which case the highest canopy loasds were in the exploding
direction.

Iift—coefflclent effecta.— Four lift coefficients ranging Ffrom
0.17 to 1.33, are shown in figure 6 for the propeller-removed condition
at 0° angle of yaw. The external pressure distributlons were
symmetrical for each 1l1ft coefficient, with somewhat higher negative
pregsures appearing on the sides of the canopy than at the top. The
average external pressure coefficlent increased from approximetely
~0.3 to 0.5 when the l1ft coefficlent was varled from 0.17 to 1.33,
for the configuration wlth the front and rear cenoples closed, and
proportionate increases were obgerved for the other canopy positions.

Generally, the negative internal pressures inoreased slightly
with Inoreasing lift coefficlent., An exception to this rule, however,
is the condition with the front and rear canoples closed, for which
the intermal pressure coefflcients appeared to retaln thelr relatively
low magnitudes over the entire range of lift coefficients.

Power effect.~ The front canopy pressures are ‘shown for the’
propeller opersting conditions at 0° angle of yaw in figures 9(a)
through 9(d) for military power at four different 1ift coefficients
and in figure 9{(e) for. 1dling power, The pressures obeerved for the
1dling power condltion were oomparable to. those shown previocusly in
figure 6(4) for similar configurations with the propsller removed.
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Propeller o:pera:bion at milita,ry pd’wer G.?Ltl not oause much a.symetry

in the distribution of the extermal pressures, even 1ln ‘the upper range
of 1ift coefficients where the high torgue coefficients prodused the
greatest rota-hion in the slipstream, The addlitional axial slipstreain
veloelty, hOWever, for all of the opnd.itions -tested produced high
negative external pressurss ghout tHé entire csmopy.-. Thess Ppressure
ingreases were greater at the high 1ift coefficients as a result of
the higheir thrust coeffiolents at. these attltudes, A comparison of -
the pressures for the conditions with the propeller opevating 'at
milltary power with those for the conditions with the- -propéller
removed (figs. 6(a) and 6(d)) showed the average external pressure :
coeffloients at Cp, = 0.17 were increased from approximastely -~0.3 to

~0.4 and at Cy = 1.33 were ingreased from approximately —0.5 to

~1,3 by the additlon of power for the cenfig.xra.tion with the front
and realr ca.nopies closed.. . .

Most of the nega.tive irternal pressure -coefflicients, tsii-bh the
exoeption of the configuration wlth the front and resr cancpies
closed, were considerably higher for the military power conditions
than those cbserved for the propeller—removed conditions.’ These
pressure coefficients were. further incressed at the high 1ifd
coefficients., With the front and reaxr canoples closed, the internal
pressure cosfficlents were only slightly increased for the propeller
operating oondition,

Al'though the iifferentia.l of the ext-erna.l—-m'bernal pressure
coefficients was very much larger at Op = l.33 than at Cp, = 0.17,

the net load on the canopy when based on the appropria'he alrspeed
was considerebly higher at Cg = 0.17 than at CL 1.33 for most

of the -canopy coni'igura.tions. The load at Op, = 0. ENOR ¢ vwhich

.. corresponds to the high-speed flight condition, was in the exploding
" “direction for the front canopy. It may be expected ‘thet the loads

on the front cenopy encountered for & high-—s;peed. pull-up will be

. scmevhat Higher than those fox the level—-flight high—speed condition,

inasmuch as the net externgl~internmal pressure coeffician'bs are -
somewhat greater at the higher: lift coeffloients. s

Yaw Effeot.— ‘The effects: on the Qanopy pressures of ya.wing
the &irplane through a range of megatlive yaw. attitud.es ( left wing
retarcled.) with the propeller removed. are shown in Pigure 7 and 8,

'for yaw -engles of —7° and —15 , respectively. Ther results show

that at yawed attitudes, the external pressure distri‘butions were
asymmetricel, with high negative pressure reglons over the’ top-
and treiling side of the canopy. For the propeller operating
conditions at. the.negative yaw attitudes {figs. 10 and 11) the
negative external pressurses Wwere’increased to.a yuch’ greater extent
at the sides of the canopy than over the top of the canopy,:  This
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distribution was attributed to the oppoeition of the rotation of the
propeller Blipstream-fo the dsymmetrical air flow over-the top of the
canopy and the resultant reduotion of the local velocity in this

'region. L ] o . : ’

With the aizplane yawed through Whe positive range of yaﬂ
attitudes (left wing advanced) and the propeller operating- (fige. 12 ,
and 13), highen negative external pressures were produced over the
top and right side 'of the canopy becauss the asymuetrical alr flow and
the prdpeller slipstream rdtation Were in the additive direction et
theee attitu&ee. : ®

The negative internal pressure coefficlents generally 1ncreased
with increasing yaw angle. . . . .

_ The asymmetrical extermal pressure distributions at the high
yaw apngles were responsible for high locallzed canopy loadings based
on the net external-internal pressure coefficients which for some
canopy configurations even resulted 1n net crushing lpads over the
top of the cancpy at negative yaw angles, and on the left eide of the
cancpy at ﬁositive yaw angle. - .

Rear Canopy Pressures -

The test results for the rear canopy are presented in figures 14
to 22, For all conditilons with the rear canopy closed.the pressures
< ort the sides of*the canopy.at lateral station 23 were extremely -

erratic due to the flow over the tralling edge of the deflectors in
the flush position, and they are not shown in the figures. .

Canopy- position effeot - Figure lh illuetretee ‘the typioal _
longitudinai pressure variations on the sides and top of the rear
canopy for the configurations with the realr canopy alosed and open.
The deflectors, which protrude into the air stream on both sides of R
the caropy when the canopy 1s full open, caused the ‘external préssures
on the sides of the canopy to build-up from the negative presgure
region at the front of the cenopy to falrly high positive pressures
Just ahead of the deflectors, Tmmediately behind the deflectors high
negative pressures were observed. The typﬁcal longltudinel Pressure
distribution over the top, of the oanopy was more uniform, as were
the distribﬁtions for the top and sides when the cancpy was closed
and the deflectors were in the flush positibn, It is believed that
somewhat similar uniform pressure distributione would occur for the
intermediate cenopy positions for which £he Qeflectors would remain %
in the fiush position. , - o S

- . F

¥ Pigured’15 through 22 indicate the ‘ekternal pressures. over: thé
rear geribpy Were hot' effegted by changes in thé front CEnopy position.
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' " 'Inesmuch ss there was no effective partition separating the
front and rear cockpits, the rear canopy .ipternal. pressures varied
wilth.canopy position in a mamnsr similar t6 that.of the front cancpy
internal pressures mentioned in a previous secztion of . this report,
In general, the highest negafive intermal’ pressures were obtained for
the configuration with the front canopy full open. and rear ‘canopy
closed, For which case the net. external—intama.l panopy loads were

in the orushing direction. 'The lowest negative internal pressures
were measured with the front and rear canoples closed, for which case
the net loads were in the exploding direction., Gensrally the meximum
exploding loads on the rear canopy were very .small, . The magnitudes

~ of the intermal pressure coeffiéients for these two oa.nopy configi—
"rations are shown in figure 18(d) for which case the average
coefficient ranged from —0,82 with the front canopy full—open and
the réar canopy closed +to ~0,ll with both canoples closed,

Lift-coefficient effect.~ The rear canopy pressures for various
1lift -coefficients are shown for the propeller-removed conditions in :
figures 15, 16, and 17 for yaw angles of 0%, —79, and -15°, respec—
tively. The extermal pressures appeared to be independent of 1ift
coeffioclent lnasmuch as slmilar distributions and megnitudes were . .
observed 'bhroughout the range of lift ocefficients for each yaw
a.ngle. _

Genera.lly the nega:bive internal pressures, with the excep'bion of
the configurdtion with the front and rear canoples closed, ingreased
elightly with inoreasing lift coeffloient, This lift-coeffiolent
effect on the rear canopy intermal pressures was attributed to the )
variation of these pressures wlth the front canopy internmal pressures.

Power effegt,~ Canopy pressures with the propeller operating
are shown for 0° angle of yaw in Pigures 18(a) through 18(d)} for
militery power at various lift coefficlents and in figure 18(e) for
idling power. -The pressures observed for idling power were similar
to those shown previocusly in figure 15(4) for the .same configurations
with the propeller removed., Military power did not cause mmch
agsymmetry in the distribution of the exbernal pressures at the various
1ift coefficilents. For the configurations with the rear cenopy closed,
the additionel slipstream axial velocity produced scmewhat higher
negative external pressures over the entire canopy for the propelier-
operating conditions -than for the same configurations with propeller
removed, These pressure lncreases were greater af the high lift’
coefficients as a result of the higher thrust coefficients at thgse
attitudes. For the configurations with the reay canopy open, the! .
longitudinal pressure variations soross the extendsd.deflsotors were
much greater for the military power conditions than for the propelier
removed condlitionms,
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‘Most of the negative internal pressures, with the oxceptien of
the conTiguration with the front and rear camcples closed, were mmich
higher for the military-power conditions than the propeller removed
conditions, The negative internal pressures were further inoreased
at the high 1ift coeffiolents. With the front and rear canoples
closed the internal pressures wers only slightly increaséd for 'bhe
propeller o_perating Jdond.i'bions .

- The’ nst cmahing 1oa.d on i:he rear canopy for the configuratior
-‘with the front canopy open and the Year canopy closed was over twice
a8 great.-at Cp = 0.17 as at Cp = l. 33 when based on the .
corresponding al repeeds, " &lthough the net extexml-»in‘bemal pressure
aoefficients were very much larger at Crp = 1,33 than at Cy, == 0. 1.7.

For most of fhe simulated flight conditions the net rear canopy

_orushing loads (per unit area) with the front canopy open and the
rear canopy closed were leféis than one-hall of the net front canopy
exploding leads with the front, and rear canopies closed. R

Yay effects.~ The efi’eoﬁs .on the oa.nopy pressures of yawing the
airplane through a renge of negative yaw attitudes (left wing
retarded) exe shown for the pmpeller—-removed teste in figures 16
and 17 for yaw angles of ~7° and -15°9, respectively. In general,
‘asymmeotrical external pressure &istributions were produced at the
yewed attltudes, with somewhat higher negative extermal. pressures
over the top and ‘brailing elde of" the canopy. Fo:; the configurations
with the rear canopy . ppen, the longltudinal pressure veriations across
the extended deflector.on the leading side of the canopy were .
considerably higher at the yawed attitudes than at 0° angle of yaw.

" For the same configurations, with the propeller operating at military
powexy at these yew attitudes (figs. 19 and 20), large longitud.inal
pressure varliaticns were produced over the extended deflector on .
the opposite (treiling) side of the. canopy a8 a result of.the -
interaction of the propeller slipstream and. the asymmetrioal aix flow.

For the configurations with the rear oanopy closed, the pressuYes over

"the entire’ canopy were inocreased in the negative éiraetian by -the -

. additional slipstream axial ?elocity. T

© With the airplaneé yawed in the positive direction (Ieft wing
advenced) and the propeller opérating et militery power.(figs..2l
end’22), the asymmetry of thée external pressures due to yaw d¢id not
chéngé apprecismbly, but high nega.tive external pressures were. -
produced over the top of the oanopy as & result of the propeller .
slipstreem, rota.tion and the asynnnetrical alr floy, .which were in an
add.itive direction. . . . o

+
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CONCIUSIONS

A preliminary analysis of the results of the canopy loads tests
on the convenbtional front and rear sliding canopies which are typified
by the inmstallation on the SB2C~-UE airplans, conducted. in the ILangley
full—-soale tunnel, showed that for the range of conditions tested:

1. The meximu loading condition, based on the extermal-
internal pressure differentlel, for the front and rear canopies were
obtalned for the high-speed flight conditiom of this airplane.

2. The highest loads on the front canopy were 1n. the exploding
direation and occurred for ths configurstion with the front and rear
canoples c¢losed.

3. The highest loads on the rear canopy were in the oxushing
direction and occurred with the front canopy open and the rear canopy
closed. For most of the simulated flight oconditions the highest
rear canopy loads (per unit ares) were less than one-half the highest
front oanopy loads. . . ; ,

lt. The asymuetrical air flow a.'bout the airplane at yawetl
attltudes produced unbalanced extermal pressure dlatributions which
resulted in local net exploding and crushing loads on both canoples
that were often oonsid.era.‘bl;y higher than the average net canopy
loeds,

5« The negetive external esnd internal pressure coeffliclents for
both canoples were increased by the additional axisl veloclity of the
propeller slipstresm., The rotetion of the propeller slipstream
had negligible effeot on the pressure distrlibutions et 0¥ yaw angle;
but at the positive and negative yaw attitudes the combined effects
of the slipstreem rotational velocity and the asymmetrical alr flow
produced distorted dlstributions over the canoples.

6. The external pressure coefficlents over the Ffront canopy
and the lnternal pressure coefflclents for both canoples inoreased
slightly wlth Increasing 1ift coefficlent.

Te Large longitudinal external pressure varlations were
produced along the sides of the rear canopy by the deflectors whloh
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oxtended Into the air streem for all oonfigura‘hions wlith the rear
oanopy Ffull open.

Iangley Memoriael Asronantical I&'bora.tory
Natlonal Advisory Committee for Aeronau‘bics

Langley Fleld, Va.
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Figure 2.~ The rear canopy in the open and closed positions, sﬁowing
the two positions of the deflectors.
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Figura 28 ~ Pressure distributions over e raar canogy of the SBEC-4E airpigne. V. /5 deg.,
Milltary power; L, a45; G,098.
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