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,As one phase of' a 0 omprehensi ve canopy ~oad lnvestigation" 
.. conventiona~ front.anQ...·rear Sliding -canopies which are typified by 
i~ta.ll.a.tiOl'). on the SB2C-4'E a:trpla.nej were test~d::l,.n the Lansley full­
Boa~e tunne~ to deter.mine the pressure distl'ibutions 'and. the aero­
d:y:na.'Uio ~oads on the canopies., A prellminal."Y a.i.lalys':i:a of' the results 
of these testa is presented :i.n :tltie' report~ p~ts' are ~-prseented. that 
show the distribution of pressure at four ~nSi tucliIlBJ. atations through 
each o,anow for a ,range 01' condi tiona sel.ected. to d.etefniine ;the effects 
of' ,varyins oanopy position; yaw~ lift -Qoef'f'iOient,,:--a.nd power. 'Ele 

.... . ' " reB'tl.lts indicate t'hat ·the :IJlaXimum. J:crada,,· baseo. on the'·e:l9;;~r.oal.-interna.~ 
. -pressure' di;f'ferential., f'or the front and. 'rear cano,p1es welte-' obtained 

with the airplane s:Lm:u.1ating the high speed :f'llsht oondition.. The 
highest ~oad.ins on the f'l"Ont canopy was in -the exp;L.oding direotion 

... ' 

for the Cdnfigt'tration 'With the f'ront and. rear canopies olosed. The 
highest ~oads on the rear .oanow were in the crushing diJ;'eotion with 
the front oanopy open and the rear canopy ol.osed. For Illost of the 
simulated flight oonditione", the higbest loads on 'th~. front canopy,-' 
per un1 t area.., were over twice as grea:it as ·the hishest ~oads" on the 
rea:r canopy when thE! cam.parison was made for the most ar1t1o~ oanopy 
conf'igura"tion in eooh oase., The exte:rnal pressure distribution over 
the front and rear canopies" .wbioh wer&'·fairly sy.mmetrioal a.t 00 a.nsJ.e 
of yaw" Wer& gt"eatJ¥ distorted at other yaw attitudes" particularly 
for the propeller operating Qondi tions • These distortf;jd presBtU:'e 
distributions resu1ted. in. ~ooa~ expl.oaing and oru.ahing,o.oada on both 
oanopies which were often ooneide~'abl1' higher than the a.verage oanopy 
loads. 

DlTRODUCTION' 

The ocourenoe of' oano:py·.fe.ilures has ·ind1ooted -that present load 
requirements used in the design of oanopies and their oom.ponents :tll.fl1 
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............ -...... -.. -
not be adequate. As the current load. requirements are based on Wind­
tunnel pressure distributiol'lS obtairiett ';oVe~ a range' of" pi toh and yaw 
atti tudes with the oanopy olosed and do not inolude aocurate measure­
ments of internal pressure 01" of··the- . effects of OElllopy opening~ it is 
desirable that these faotors be investigated and the or1~ioal load 
condit1qn ~ mor&'rujc~tely defined., .:' 

As a resultJ a general 1nvestiSat1on has.,been conducted at the 
Langley Laborator,y of the National Advisory Committee for Aeronautios 
to determine the ont,ioal load- requiremept.s by means, of external and 
internal pressure measurements on ejrPlanes ~ployin8'three represen­
tative types of oanopies. The three types of canopies seleoted for 
the tests were the oonventional single sliding enclosureJ conventional 
front and rear sliding enolosu;resJ and. the bubble-type enclosure wh1ch 
are typif;ted by the installatiOns on the· Grw:mna.n F6F-3J Curtiss 
SB2C-l!EJ and.G:cwnman F8F-l airple.ne~ ·respeotively •. ' . 

As the first phase of this.1nvestigat1on,tests have been made 
in the Langley fUll-soale tunnel to deter.m1ne external and internal 
pressure distributions on the three ~es of oanopies for an I 

extensive range of simula,ted flight oonditions with canopy position 
varied ,from closed totull open. 

. This report presents a preli~nar,y analysis ·of the results 
obtaineQ: with the convent;LonEM front· and. reE1.l' sliding oanopies on 
the Sl3~ airplane •. AdcU:t:.lonal reports have. been prepared ooveting 
results of -the oonventional e1ngJ.e eliQine; oanopy and the bubble. :type 
oanopy .. · (See refere~es 1 and :2.) , 
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Po f'rae-etraam static pressure, pounds ller square foot 

'gO ~iI-e~raam. d;rnamic pressure, pounds pa:r E!quare foot' 

S Wing' area, square feet 

T thrust, pounds 

V airspead, feet par'seoond 

p mass demsty of air J sl.uga per oubic foot 

Subsoripts: 

.,a aXtern.e.l 

" front of the oanopy' '. 

internal 

r rear of the oanopy 

" 
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The Curtiss,S:S20-4E airplane :is a a1.ngle-engtne" "two-pl.aoe~ 
low-rlilg sOoUt end dive bomber for use aboard e.1roratt o~erB!, The 
Ed.rple.ne is eqUipp-ed wi:th a four-bla4e l.2-foot 2-1noh diameter' 

, Curtiss el.eatrio propeller,' model 05423-4\.44, powered by an ;a.;.2600-20 
'Wright' ensine haVing a. military rating' of 1120 brake horsepoWer at 
2600 J:'IlIIl. at sea l.eve-l. The gross weight of the a,irpl.a:D@ is, about 
15,,000 pounds; the wing area is ,about 422 ~~ feet .. ; A ~e-view 
drawing w:l. th the prim 1pa1 d.1meila1.ons of the a.1rpJ..ane is shi::>w:O, in 
figure L ' ' .... ' . , 

The airplane is equipped, nth ,oanopies each. of whioh :is 'mounted 
on four carriers that roll on' tracks deaisned to raiae the'~Oanopies 
sl.1ght1;y and at the .same time direot, them. over the' fuselage '~'lh~n 
opening. The front canopy slides to the rear, wh1l.e tlie rear o'anopy 
sl.1des fOl:"Y1ard. The front oa.p.opy ,is subdivided. into'two large, 
Plexiglas side ~ls and i~" equipped With a quiok-release jettiSOning 
latch. The rear canopy consists of a nUmber of Plexiglas pane1e 
and has a bu11.t.-1n emergency ,hatoh. ,The +attar canopy a~o is' 
aquipped w1 th a hingad defleotor on aa.oh side' of the oanopy' shOwn in 
fisura '2" which e-xtends' O'liltwarg. from. .. the canopy about 500 when the 
oanopy 1e in the ·f'ull;-ope~.;position~· With the rear oanoW in the 

, . ~ '.. -. -. ." .. . 
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olosed pos1t1'onj the- defl.-eotorsretract £lusn ':witH' t~' sfd-eg ,::. 
(fig. 2). A line drawing of the canopies showing the oontours and. 
the principal dimensions is presented. .in "fi:gui& 3." As (lan"be :eeen 
tram. this figure" the oanopies hav~ straight forward. and' aft , 
seotions. There was no effective partition sepa.re.ting;the front and 
rear oockpits in this airplane. 

METHODS .AND TESTS ' •• •• 1 
,.' 

. .,... ~. .. ... 
The SB2C-4E airplane is shown mounted on the tunnel ba.lance 

in figure 4. . : ... 

External pressures over the front and rear oanopies'" over.' the 
fuselage between the front and rear canopies" and behind the rear 
oanopy were detennined by means of static-pressure orifices ins'tailed 
flush with the surfaces. Internal pressures on the canopies were 
measured with static-pressure tubes fastened to the inner surface of. 
the canopies. The locations of the statio-pressure orifices and 
the static-pressure tub-es are shown in figure 3. .. , 

The internal and e%ternaJ. pressures were measured wi th the 
propeller operating and with the propeller removed for va.rious ' 
canoW positions. The tests were made with the airplane set at 
angles of attack oorresponding to lift coefficients of 0.17" O.56J 

0.98" and,1.33J whioh were deter.mined f~am propeller-removed force 
t~st data (fig. 5). These lift coeffioients cover the range of 
r1:tght attitudes fr.om take-off to high-,speed level flight at sea 
lev~l. The propeller-removed tests included the four 'lift 
coel'fioients at 00 .and -.70 angles of yaw and the two high 'lift " 
coeffioients at -150 angle of yaw. These tests were repeated with 
the, p'rop~ller operating at 'lIiili tal"Y power and the· range of yaw 
angles, was extended to inolude 70 and. 15°. In addition" wii.ih the 
propeller operating at idling power" teats were made at CL = 1.33 
for each yaw angle. Each test was made for the following six 
ca.Il9py arrangements; with the rear oanopy full open" the front 
oanopy was olosed" 3-inc~es open~ on~-half open, and full open; 
and. with the' rear canopy olosed" the front canopy was full open 
and closed. 

All. the tests were made with the cowl flaps oloosed in order 
to give the data. a greater range of applicability among airplanes 
wi th different oowl flap arrangements. 

The effeots of the propeller operation 'and yaw on CL 'Were 
negleoted, in eatabllshing the ,test program beoause slight changes- in 
this variable were oonsidered to be of secondary importance for 
these tests. 

:/~,~. i:· . 

• 1-
",:,0" 

.. 
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To simplify testing in the ~ll-acale tunnel, the propeller 
blades we:i:'e fixed at a blade angle of 260 , measured at the 0.75 
rapius J for all teste with thepropell~r operating. This blade 
angJ.e very cJ:ose~ simulated the correct thrust-torque relationship 
for this airplane over the range of power conditions employed in 
these tests. Thrust coefficients" used in the tests to Simulate 
constant militar,y power operation in flight for each of the respective 
lift coeffioients" were determined from. the Qurte of Tc against 
CL aaJ.culated -for sea..-level military power- (fig_ 5). 

The idllng power tests were made ,at the lowest possible smoo~b­
running speed. The tests were made at a tunnel airspeed of approxi­
matel;r 62 miles per hour. 

RESur.lrs' ANP,DISCUSSION 

A;Ll canopy pressures are ~x.pressed in this report in te~ of 

the coef~icient P /I e-qual to ' P .. - PQ. The external pressure coeffi-
, % . ,. . 

cients' Pe are presented_:~n lateral plots for' four representative 
longitudinal sta.tions on each canopy.. The figures also inc1udEf the 
internal pressure coefficients Pi:r ~ P,ir .. which 'a.Z'l,7 the , 

average internal pressures at the front and at the rear of the 
canopies. These. two interz:ia.l pressu:re ooefficients are presented 
because there 'was pre.qtica.lly no va:r:iation amops the individual 
intemal pressures at either the front or the ;rear stations" but 
there was 80'lne variat~on between average pressUres of the stations. 

Front Canopy Pre~sures 

The test results for the front canopy, are p~esented in fie­
ures 6 to 13. 

Canop:y: position eff~cts.- Six canopy positions, :are presented in 
each figure to illustrate the variation of the pressures with canop,y 
opening for each test c~ndi tion.. In generaJ.J regal.-d.less of yaw angle" 
lift ooefficient, or power oonditions, tbe externa.l. pressures over 
the front canopy were uniform 1ongitudinall:y for 'the oonfiguration 
with the front oanopy olosed and the rear canopy full open. Opening 
the front oanopy 3 inches, with the rear oanopy full-open" produced 

, high negative external pressure' ,peaks over the front of the canopy .. 
Further opening of the ,front oanopy oaused a reduction in the 
high negative pre~sure peaks until at fUll-open the P7sssurss 

" .. 
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were again un1fonn 'longi tudinalJ.;r • T:tle' pressures over the rear :part 
of the canopy were "not appreoiably affected by opening ·the front 
canopy" anq., q"onsequen~ly", the 'ove~ll externa.l pressure increase with 
the front o.a.nopy 3, inches open and the rear canopy open was only 
moderate. Bear' canopY posi tibn appears to have negligible ef'f'eot on 
the front canopy externa~ pressure distribution. 

The lnternal pressures are direotly depe~dent 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 
inoreasing the leakage area. Consequentl¥, the oonfiguration with 
the :front oanopy' full-open and. the rear canopy olosed produoed the 
highest negative internal pressures; the lowest negative internal . 
pressures were produoed with both oanopiea olosed. To illustrate 
the magnitudes of the internal'.pressures for these two canopy settings, 
figure 9(d} shows the average' internal. pressure ooeffioients ranged 
fi·om. -l.Ol with the front oanopy fu11-open and. the rear c s.n.opy closed 
to -0.10 with both canopies olosed. 

. The oonfiguration ,Thich produoed the highest net loads on the 
canopy based' on tbe d.1fferentia.l qf the external and. internal pressure 
c~effidients (;Pe - ~i) was that with the fran-I:; and. rear canopies 
olosed, for' which oase the highest canopy loads were in the explC?d.ing 
direction. ' ' 

Lift-ooefficient effects.- Four lift ooefficients ranging ~ 
0.l7 'to 1. 33"., are shown in figure 6 for the pZ'opelle~removed oondi t10n 
at 00 angle of yaw. The external pressure distributions were 
symmetrioal for each lift ooeffioient, with somewhat higher negative 
pressures appearing on the sides of the canopy than at the top. .The 
average external pressure 0 oe1'fio ient increased from approximatellf 
-0.3 to -0.5 when the lift coeffioi"ent was ,varied from. 0.17 to 1.33, 
for the configuration with the front and rear canopies closed3 and 
proportionate inoreases were observed for the other oanopy positiOns. 

GeneraJ..1y, the negative internal pressures inoreased slightly 
with inoreasing lift coeffioient:' An. exception to this rule" however" 
is the oondition with the front and rear canopies olosed" for which 
the internal. pressure coeffioients appeared to retain their relatively 
low'magnitudesover the ~nt1re range of lift coefficients. 

Powereffeot.-. TPe.front o~py pressures are shown for the' 
propeller operating conditions 'at 00 angle of yaw in figures 9(a) 
through 9( d) for military l'owe;r- at 1'our different lift coeffioients 
and in figure 9(e) 1'or, 1-dling power. '!'he pressures observed for the 
idling power oondi tion were oomparable to. those shown previously in 
figure 6( d) for similar oonfigurations With the propeller removed. 
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ProIleller o:peratlon at mill ta,r.1'pOi.Te~' dad.: not oause 'muoh' aSYDmetry" " 
in the distribution of the external 'pl;eSSl.lreS,,' eTen in the uilper ranse 
of' lift, ooe,ffioients where the high torque ooeffioients' prOduoed the 
greatest ro:tat+on in the' s;w.Ils,tre~. ~e addi tiona1 axial sli:pstreaio. 
veloai ty", however" for ,al.l. o~ tht;l oO.ndit,iona ,teste_a.. prod.uc,e~ ,high 
negative ext,ernaJ. pressures ~bout the entire oanoN, .. · Thes~ ,'Pressure 
inqreases were gre'ater at the high llf"t; coeffioients as, a reeu1t of 
the higher thrust ooeffi.aient's 'at; :thes'e att1 tu.aeB-~ ,A oompari:s'on of ' 
the pressures for the c ondi tiona with' ,the 'prope1ler operat1ng < at ' 
mill tary power with those for the oondi tiona. with the 'propeller 
removed (figS .. , 6(a) and 6(d)) showed the average external :pressure ' 
coeffioients at 0L = 0.17 were increased.:' from e.ppro~t~~ -0.3 to 

-0.4 ,and at CL = 1.33 'Were inpreased fr~ aIlproximataly -0:5 to' , 
-1.3 by the additi~n of power for the coI)f'igu.ration with the front 
and. ,rea~ OanaIlies ,olosed..' . 

Most of the negative internal Ilressure:ooeff'iaients" With the 
exoeption O'f the conf'iguratio;n rtththe front and.: J:.:ea.:;- oanopies 
c 1osed" were 0 onaiderab:/-y higher fo;!:.' the military power c ondi tiona 
than those observed fer the pl"opelleJ:l-removed oondi tiona:. ' These 
pressure oeefi'ioients were, further increased a't; the high lift 
ceeffioients. iii th the frent and rear oanopies olosed" the internal 
pressure coeff'icien~~ were only slightly increased for the propeller 
aperaiiIis. oondition,.,. ., ',' 

- , 

Al.thoush- the differentiaJ.' 6f the externu-interna1 pressure ' 
ooeffio1entawas very mu~h 1arge~ a.t ,OL = ~.33 than at, 0L ': 0.17" 
the net load on the oanopy when based.: en the appropriate airapee9, 
was considerab~ hiSher at CL = 0.17 tban at 0L = 1.33 for most 
of' the ,canopy configurations.. The )oad at Or: =' O.'J,.1~' llh1Q.h 

, . corresponds to' the Mgh-speed' flight: oOndit:I.on, ~s in the' e'xp~o.d:i.ng 
.. ' -:d:1rection for the front canoW' It'lllay, be ex:pected'that the 10ads 

on the, :f'rontoanopy. enOouritered fo~ a high-e.;peed Pilll-up' will be 
, somewhat' liighe-r t}:la.p. those :rer the level-flight high-speedoondi.tion" 

inasmuoh as the net external-interna:i. pressure coe.fficiants are -
eomewh,a.t greater at the highe,r"ll.f't.ooef:rioients.' .'; 

"Y-aw EITeot.-Th~ effeots' on 'the oanopy ,pre':'!3ures of y'a~ng 
the a'irpJJine throush a range of' 'negative yay!, atti tude~ (left· wing 
retaZ'ded) with the propeller removed are shown in fiSu:re' 7 and 8, 
'fer 'yaw ,angles ,ef -7° ana -:-150 

J . respectivelY. . The; ,resUJ.:t;s ,shoW' 
that at yawed attitudes, the' 'external pressure ~l3tributioIlB"Wel:'e 
aSyI!!Jlletrical" with high negative pressure, regionS: ,over ~he; tG}) ;' 
and'tra1.1ing aide, of the oanO'py_ For the :pX'o:peller operating 
oona.1tiens at, the"negative yawa.i;titudes (figs. 10 and 11) the 
negative external pressures ''were 'increased t-o ,8. ll1Uoh"greEtter extent 
at the sidee of the oano:py than over the top of' the oB,p,Opy,,' ,This 
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distributiOn was -attrlbu-te'd tc;,the opposition of" the rotation of- the 
. - p~ellar slipstream-to ~he as~~rioal a1~'flow over-the-top of the 

oanopy and the resultant reduotion of the lOcal velocity in this 
'reg:1:on. ~ ,:" : ,',:", ' ,', ", -(":",',~ , -'_ -;' , '.:, ,:-

, "Wi th the af:.rplane· yd.wed through ithe poei ti ve range of ,yaw " , 
att1tudes' (le-ft- 'wi:os: :8.d.vanced) 'and' 'the propeller operating- (figs. '12 
$.nd 13)-, ¥Sher, negative ex:terna~ pr~ssurea 'Were produoed. over the 
top and right side 'of the ~anopy beoauae the asymmetrical air'fldW pnd 
the propeller slipstreB.lD ratation were ,in the additive d.1~O'tion 'at 
these at-ci tudes.- , .. " :, " ' : ' .. 

:' .. r" " 

~he negative i~ternal'pressure coe~fio1ents eenera~ 1no~ased 
wi th ino.reas:Lng yaw aJ;lgle,. , . . ". .., . 

The asymmetrioal external pressure di~tributions at the high 
yaw a,ngles w~re r.esponsible for high localized canopy loadings based 
on tile net external':"1ntetnal'pressure' o,oeffioients which for some 
oanopy configurations even' resu,lted in :net' 'crushing l..oads' over the 
top ,of"tlle canopy at ne,gative yaw allslesJan'd on the left side of ,the 
canopy a.t :pos1tiV~ yaw ~le. 'i',,' , ' , 

," . 

Rea~ Canopy Pres BUreS ' 
, " 

_ The test results for ,the rea~ canopy are presented in f:l..,SIU'9s 14 
to,22'. For all coIldi tions with' the rear oanopy 'closed_ the pressures 

" oIt the s;I.des of" the oanopy, at. lB.teral station 23 were ext'remely , 
erratic due to the flow over ,the trailing edge of the de~ectprs in 
the f~ush posit1onJ and tbeyare not shown in ,the fi~es. 

,cano;w'-posltion effeot.- Figure i4 illust~tes the typioal 
longitudinal pressure variations' on the 131dee apd. top of the rear, 
canopy for the cl;mf'igurations w:+th, t1?-e rear canopy o:;J,.psed and,opep. 
The deflectors, which protrude into the air,stream qn boih sides oT 
the canopy whE')p. 'the canopy J.s' f'ul;I. openJ , ,caused t~e 'external pressures 
on the sides of the o~qpy ~¢ build-up, from the nega~iye pres~~r~ 
region at the ;f'ron't 'of -the oanopy to fairly hlsh positive pressures 
,just ahead of thedef;LeotoJ:"S ... ' ~ediately ~~hi~<i th,e. defl~c:t9rs high 
n~ga.tive ll,ref!Jsures 'were 6bserV~~. ,lJ;'he typ'1oa;I: =!-opg;i't}.l.q.i,naJ.: ~ssu.;re 
diatx:ibution over 'j:ihe top', of the o~opi' WSiS' ~o~ ,~f,onn; ~a~ w~re, ' 
the distnbutions for the' top and aides when the canopy was olosed 
anq. "$eueilec~ors' we~e', i~ the, ,rl~h positibn., Itia bE!l1eved ,thB.t 
somewhat similar 'Ullifo:rm. pressure -cUatributions' would oCcur for the 
intemed1ate oanopy posItionS ror w:qich ihe d.efleettll:'s WQul9-. "rema1n 

,in the flush p,o~i tion. Jr' " '" ,,'" ,'- .' " ~ .',", .. 

•• .•••• • "........ •• I .... .... .t • • .... ,'.. • 

" ,'F1~es:, '15 ,t~:rolol~ 22: ip.dicate 'th~, e?te~~' pref!a~_s, o~~r' ~~e 
re8.l' Qanbpy l1ere not' ef'tected by cbanges in the front canopy position. 

, . 
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Inasmuoh as there was no effeotive partition separat1ns the 
front and rear oockp1te# the rear -'~~ ,1p.-1ie~~. pre'![ls\U"Els varied 
wi th, oanopy poe1. tion' in a manner siln1,J.e.r' tC> t~t:,.o~ the ,front canOpy 
internal preasu.res -mentioned. 'in a preyj,9~s' s.ea.t1on.pf,,this report; 
In general# the, highest: negatlve internal . pres suxes were .obtained for 
the configuration with the front o~opy full, ~n, ~ rear 'oanopy 
closed" for whioh oase the net, exte~l-j,:ht·e:r:i;1B.l p.anopy loads were 
in the oru~hiDg direct1'on.' :The lowest negative internal pressures 
were measured with the front and. rear canopies- closed, for which case 
the net loads were in the exploding direoti9n. Ge~rally the me x1w]m 
exploding loads on the rear canopy we~ ve~-,~. : Tbe magnitudes 
of the internal'pressure ooeffi6ients for these two oanop,y configu-

-- rations ~ shown in figure 18C d) for which case the average 
ooeffioient ranged from -0.82 with tbe" }ront oanopy full-open and 
the 'rear canopy closed. to ""O.ll with both oanopf.es closed. 

Lift-coefficient effect.- The rear canopy pressures for various 
lift :ooeffic:!.enta are shown fOl" the ;propelleJ.'!-removed conditions in 
fi~es 15$ 16# and i7 for yaw angles of O~" -70~ and. -150 , respec­
tively. The external pressures appeared to be independent of lift 
ooeffioient inasmuch as similar distributions and magnitudes were 
observed throughout the l'anSe of 11ft ooeffioients for each yaw 
angl~. 

~nerally ~ negative internal pres~ures, with the exceptionpf 
the oOhf'iguration with the front and rear canopies alosed# increased 
sl1ght~ With increasing lift- aoeff;Loient. This lifircoeffioient ' 
effeot on the rear canopy internaJ.. pressures was attributed to· the , 
variation of theiee pressures with the front canopy internal. pressures. 

PoWer d'feot ,- OaIlOpy pressures with the propeller operating 
are shown for 0° angle of yaw in figures J.8( a) through J.8C d) for 
mill tary power at various lift coeffioients and in figure ~8(e). for 
ielling power. -The pressures observed for id..l1ng power were similar 
to those shown pr&vi~ly in figure l5(d) for· the ,same oonfigurations 
With the propeller removed.. Mill tary power did. not cause muoh , 
asymmetry in the distl~but10n of the e$rna.l pressures at the various 
11ft ooeffioients. For the configurations with the rear ce.nopy closed" 
the additional slipstream axial. velooity produced somewhat higher 
negative external pressures over the entire canopy for the prop~~er­
operating' conditions 'than for the same configu.re.tioIl6 with p~opeller 
removed. These pr&ss'U,~e ~ncrea.ses were greatex: at ,the high lift' 
ooefficients as a,resUl~ of the bigher-thrust coeffioients at ~se, 
atti tudes. For the o-onfigura.tions with the real:' canopy opeIl.~ tlie: 
long! tud1nal :Pressure vanations across the extendetL,def1eo-tors were 
much greater £'01' the milltary power 'conditions than for the 'propelie:tL 
removed. oondi tiona " 
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1fost of the negative internal pressures, with the axoept10n of 
the oonfiguration with the front and rear oSiIlop1es olosed, ''"YTere much 
higber for the militar,y-power oonditions than the propeller-ramo~ed 
oond1tions~ The negative 1ntemal pressw:-ee w~re further increased 
a.t the hish lift coeffioients. With the front and 'rear canopies. 
olosed the internal pressures were o:n.q slightl\v inoreasi:ld f'or thE:f"' 
propellel!' op~rat1ns .JCond1 tiona. " . : , 

: ::':" .. '.' , 

, The' net crushing load on the' ,rear canopy for the oonf1guratiori 
. ''With the front oanopy open a.nd. the rear oanopy olosed was over twice 

as great .atCL :;:I 0.17 as at CL:;:I l~33 when based on the .: 
oorresporuUns airspeeds;' a.lthough the net external .... :internal pres13ure 
ooeffioient!J were very muoh larger at 0L:;:I L 33 than at OL'~ o. ;L1. 
"For ~~r :of~e ~1mulated flight oo:n:~ tions' the net rear oanopy , . 
. o;rushing loads (per unit area) with the front' canopy open and the 
rear oanopy closed W'eJ:'~ J,SS6 than one-bali" of the nat front oanopy 
exploding loac1e with th~ front" and rear o!;l.tlo'Pie~ 'closed. 

Yaw effepte.- The etfeoteon the oanopy pressures of yawing' the 
airplane through a rimge' of negati"te ye;w attitudes (left wing 
retarded) are shown for tna p~pelle~rsmoved tests in figures 16 
and 17 for' yaw angles of' _70 and -150 " respec ti vel\v • In general, 
asymmetrioal external, pressure distribut10ne were produced at the 
yawed attitudes, with somewhat higher negative external,pressures 
over the top 'and. t,ra1ling side of' the c~p.opy. ,Fo:t" the conflgurations ", 
wi th the: rear canopy ,pp~n, the 10ngL tudina.l pressUre Variations' aeross 
the extendsddefleptbr,on the leading slde of the canopy were 
cons1p.erabl\v highe'r.at' the 'yawed attitudes thSn at 00 angle of yaw. 
For the same poi1f'lsu,ratioIlS J with the, propeller' operating at military 
powe:!;' aj:, these yaw attitudes (fise. 19 and 20), large 10ngitudiP8.l 
pressure variatlonS W9pe produoe(i over the extended defleotor qn " 
,the opposite (trailing) side of the. oanopy as' a result of', the -
i~teraotlon of the propeller sl1petream'and:the asymmetrioal air floW'. 

,li.'pr tlie, oob:f'igt..U'a.tionS with the re/!:\r oanoj;ly 'closed" the presBurfis ova' 
. 'tine en~ire' canopy w(,;!re inoreased in the nesat1ye direction by:the -

, ,flddltional slipstream 'aXial ·velooity'. '. ' ,. '., . . ..... ~ . . 
..... ',:. Wl1i the ,airp~ yawed in the posltive tUrection (1eft wing 

~vanoed), ~d the propeller O'peratlns .at millta.j:oy pOwer. (flgs. ,21 
e.tI:d~'2~), the Itsymmetry of the ex.ternal preea:u.res du.e to yaw did not 
ohange appreC1,ably J but hiSh negatlY~, exterilal presau:r~s were,,' , 
pro~uoed over., the top of the oanopy as ,a result Df the propeller , 
slip"treeill. .. *,otatloI). 8.lid th€i-, asYmmetrical air ,flo'\'r ~ ,whioh were 1;0. an 
adcU:tive ·.d,:l.'J;'eotlon.. " .' " . '.;' " . " '!i' 

.' 
, .' ~ .. 



· 
-..:.. 
'10' 

It· 

NACA :aM. No. L7D04 II 

OONCllJSIONS 

A J?reUm1 nar,y ana~sis of' -the res1Ute of' -the canOJ?Y loads -te's-ts 
on -the oonventional. front and rear slldingoanoJ?ies which are "typified 
by the installation on the SB2C-lJE 'airplane" oonduoted in the Iansley 
fUll-soale -tunnel" showed that for -the range of oonditions tested: 

1. The max1rm.lIll loading condition ... based on the erternal­
in-ternal J?ressure differential" for the front and. rear oanopies were 
obtained f'or the high-speed f'l1(3ht condition of' this airpJ.ane. 

2. The highest 10ao.8 on the f'ront oanopy were in, the exploding 
direotion and ooourred for the ooni'igu..1"8.tion with the front and rear 
oanopies olosed. 

3. The highest 101.d.s on the rear cano)?Y weZ'e in the orushing 
direction and oocurred with the :front canoJ?Y open ancl the rear oanopy 
o los eo... For most of the" s:lmulated. night; oonditions the highest 
rear oanopy loads (J?er un1 t area) were less than one-half' the highest 
front·, oa.IJ?py loads. 

4,. The a~ymmetrioal 'air f'low about the airplane at yawed 
" attitudes produoed unbalanoed exte~ J?ress~e distributions which 

resulted in ,looal net exploding and orushing loads on both oanopies 
that were often oonsiderably highe~ than the average net OaD.Ol?Y 
loads.' • 

5. The nega.ti ve erternal. and internal pressure ooeffioients for 
both canopies were inoreased by the addi tionaJ. axial velocity of the 
propeller slipStream. The rotation of the propeller sllBstream. 
had negligible effeot on the pressure distributions at 0 yaw angle; 
but at the positive and. negative yaw attitudes the oombined effeots 
of the sllpstream. rotational. velooity and the aSj1llDletrical air flmT 
J?roduced. distorted distributions over the oanopies. 

6. The external pressure ooef'f'ioients over the front oanopy 
and. the internal J?ressure ooeffioients for both oanOJ?ies increased 
Bllght~ with increasing lift coeffioient. 

7. Large longitudinal external J?reaSUl'8 variations were 
produced along the sides of the rear oanopy by the deflectors wh1.oh 
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extended into the air stream tor all aonfigurations with the rear 
oanopy f'ull open. ' 

IB.ngley Memorial Aeronautioal IB.boratory 
National Advi~ory,Odmm1ttee for Aeronautios 

Langley Field, Va. ' 

1. Oooke, BennieW." Jr." and Ozarneoki" K. E.: Canopy L:>ade 
Investigation fOl" the F6:F-3 AirpJ..a.ne. NAO.A:aM No .. L6L23a, 1946. 

2. Oooke" Be:npie W., Jr.: Investigation of the LOads on a iYP10al 
Bubble Type Canopy. 'JJACA;aM No. L71)07, 1947 .. .... 
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Figure i. - The SB2C-4E airplane 
NATrONAL ADVISORY 

COMMITTEE fOR AERONAUTICS 

Fig. 1 
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NACA RM No. L7D04 Fig. 2 

/YACJ1 
=r.:>I:O=------'-_____ LhTli!:: __ ~_~ "!Ot> 

(a) Canopy and deflector open. 

NIfC~ 
"---,-, __ -"-,--,~-,,~",,,--,----,,,--,,--_____ ~'!!~I:-__ :l-.A~c 

(b) Canopy and deflector closed. 

Figure 2 .... The rear canopy in the open and closed pOSitions, showing 
the two pOSitions of the deflectors. 
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FigUre. 3. - PrincIple dimensIons of the canopies wifh the tmn.5verse and longitudinal 
locations of the .static pre55ure orifices. All dimensIons ore in inches . 
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Figure 4.- The SB2C-4E a.1:rplane mOlmted ill the Langley full .. scale tunnel for canopy 
loads investigation. ~ 
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( 0) Pl'O(Jf1l1er remfWed, ~ 0.17 

.Jl"t''';bul''ons over /he fron! can"- of fbtl SB2C-4E airplane. f, 0 deg Figure 6 .- Prtltlf1ur, ul ... , Ii ."", 
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( b) PropeNer removBdl Ct., a56 

i'lgl.Jf'9 6 . - COt7IlI1ued. 

/jrmt COlJf?f!I r;/,,"d 
Reor COFIOf>Y clos~d 
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I"i~ 6. - Canflnued . 
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~ 
0 
:r> 

~ 
~ • 
t"I g 
~ 



FigUfS 
7 ._ PrsSSUTI distributions 0'l8r /he frmf canopy of fbI S82C-4E air plans. ;, -7 -rkIg. 
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( b) Propeller rsmoved, Ou a ~ 

FIgure 7. - Continusd. 
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( a) PropBHBr remolled; ~. a '18 

FI,urtl 8 .'" Pressure dlsfrlbutio.ns 011" fhtl front canopy 01 fhl S82C-4c alrplaDtI. f, -15". I'lj .... 
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kant caflOpiJ open 
R60r CQf)(),Pg optIn 

( b) PropeNer removed; C1., I." J 

I"igure B. - Ccnc/ucled . 

Front conopy c/oSfJd 
Rear conoplj clo~ed 
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Station No. 

Fi,ure . q - PrtlSlJurtl dlstrlbuliQ/ls fIVer /he front COllOPY 01 the S82C-4E oirplone. f, 0 deg. 



(b) Mllltory power; 7;, Qe.3; Cu Q56. 

Figure 9. - continued . 
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OWl! CQnt.:y.Jy opsn l/ATIQW. ADVISCAY tton! CQnpl'!/ c/os~d 
RsQr· CQnopy G/osed - FOI_ ft'BIJr COfIOP!I C/fKlJU 

(C) Mlllftrry .powe'l 7#,01151 Cu Q9B 

Figure 9 .-Conllnued. 
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(d) Military powsr, 1D,Q63; Cu I.J3. 

Fi9ure 9. - Continued . 
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p::/gg~f~ 

(e) Propeller id/lnq, ~ 1.33. 
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51t1f;on !Yo. 

fI::/ %:J:J;f = 
(0) Military pow." 7;;,atJ i C"a5h. 

Figure 10 ._ PrsIsure distributions 0Hf the front canopy of lb.' SB2G-4E airplan"fl.f, -7 dflg. 
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~ Front cofJfJ!1!l clost:d 

/...efl 6/de Rer:(r coTlof!/ open 

· . 

(b) MIII/ory Pow"l Tc, 0.45 J C,,0.98. 

Ftgl.J.n3 10. - Continued. 
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(d) PropeNef Jdllnq, Cu 1.33 • 

I"ir;uro 10.- Candt.lt:led. 



(0) Ullltary powtlr, Ta, fJ4S i e" 0.98-

Figure 1/ 
p"ssu;e distributions 0.,,, III. ftTJl1f canopy of th9 5820-4£ alro/ane. f,-15 dtJ9 



(b) Mllllttry power, To, ~J Cl.II.JJ. 

Figun: II. - CqrhnueC!. 
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tC) PrDpeU,r idllnqJ au /. 33 • 

FIgure II. -Concluded. 
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(0) Military pow,r, ~/azJ I CLi~6. 

Figure IZ Pressure d/strllfufloJls OVBT !he trm! canopy of the SB2C-4t airplane. t 7 deg. 
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(c) Mlllff", powe'i 1D/~ r Cu !·33. 
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FI,ur6 1:3 .- PnJlISUfe dlqlrlbuf/ons 011" th, frotrt conopy 01 tile S82C-4E airplane.;' 15 (/eg. 
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(c) PropeUfJf idllnql aLI l33 . 

f'igure 13. - CandLided. 
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