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not be adequate. As the current load, requirements are  based on wind- 
tunnel pressure distributions dbtaii&';&ePr a w e '  of pitoh and yaw 
attitudes  d.th  the oanopy closed and do not inolude aocurate measure- 
ments of internaJ, pressure or- of . , - theeffects  of aanopy opening, it is 
desirable that these faotors be investigated and the o r i t i o a l  load 
condition w. ~ , i M 0 ~ ~ 5 y  a8fh8d. . , , .,. 1. . ' . . I '  

Aa a result, 8 general inmstl&tfon -,,been conducted at the 
Langley Laboratorg o f  the National Advisozy Canrmittee for A.eronau.bics 
to determfne the orit , ical  load- rsquiremept,a-. by means. of external and 
internd. pressure measurements on a i q h n e s  employin&'tkree represen- 
tative tries of oaslopies. The t h e  types o f  canopies seleoted for 
the tests were the oonventional, single ~tUd3ng enclosure, conventional 
front. and rear eliding eaclo~u;s*8s, and the bubble-type em losure which 
are t@.f$sd by the installafxLons OIL the '  Grumman F6F-3, Curties 
SB2@@, and . G m r a m n  F8Fcl airplane, ~respeotive.J.y., . 
. . .  

A s  the fimt phms of this. inveetigatign,tests have been made 
in the Langley full-soals ttukel t o  determine external and inte-1 
pressuiw di&ributlone on the t h r e e  types of oanopies for 831 
extensAse range of ,  sim~.~.ated flight conditions wi.t;p1 canopy poeitioa 
varged . f r m  closed t o  . f i l l  open. 

Tbie report presents a prel ipineq analysis .of the results 
ObMhed. w i t h  the conventSon@. front. and rear eliding oanopies on 
the SB2S-43 airplane. . AddPtioml reports have. been prepared ooveking 
re'suts of- the oonventlcnal single ~1LLiZin.g oeumpy and the bubbb,type 
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External presetmea over the f r o n t  and rear canopies; ovek' the 
fUrJelage Between the front and rear canopies, Etnd behind the rear 
cranopy were determined by means of static-pressure orifices ins ' tal led 
flush wlth the surfaoe6. Ddmmal pressures on the canopies were 
measured with static-pressure tubee fastened to the inner surfake of. 
the canopies. The locations of the statlo-preseure orif ioes  and 
the etatic-pressure tubes are sham i n  figme 3; 

The internal 8,nd ex te rna l  pressures were measured with the 
propeller operating and with the propeller removed f o r  various ' 

canopy positions. The tes ts  were made with t h e  airplane set at 
angles of attack oorresponding to l i f t  coefficients of 0.17, 0.56, 
0.98, and ,1.33, wMah were determfned front propeller-removed form 
t p s t  data (fig. 51.. These uft coefficients cover the range of 
f1f'gh.t;' attitudes f r m  ta.ke-off to high-speed l e v e l  flight at sea 
level, The propellesremoved teets  included the faur.lift 
coe2fioients st Oo . a n d  -7* angles of yaw  and the high ,lift 
ooefflcients at -150 angle of yaw, mese testa  were repeated w l t h  
the,  propeller  operating at a i l i t a r y  power and the .rang8 of yaw 
angles. was extended to imlude 7O and l!jo. In addition, w i t h  t h e  
pmpeiler operating at idling power, tests were =de at cL = 1.33 
for each yaw angle, Eaoh t e e t  w w  made for the following s f x  
canopy arranganente ; wf th t h e  rear canopy f u l l  open, the front 
omopy was olosed, 3-inckLes open, on@-hslf open, and full open; 
and with the .rear canopy olosed, the front  canopy WRS full open 
and. ClO8ed. 

A l l  the tests  were made with the cbwl f laps  olosed i n  order 
to give the data a greater range of applicability mng airplanes 
with different  cowl flap arrangements. 

The effeots  of the propeller.operation'and yaw on CL were 
neglected, in LetabUshlng the .test prdpm beoawe slight changes in 
this variable were considered to be of secondary inrgortance fo r  
these tests. 
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To simplify testing in t he  full-scale tunnel, the propeller . 
blades weze fixed at a blade angle of 260, meaeured at  the 0;75 
rqdius, f o r  all. teats with the-propeuer operating. T h i ~  blade 
angle very olosew simulated the  correct  thrusbtorque  relationship 
for this a i rp lane  over the ' m e  of power conditions employed in 
these  teats. !Thrust ooefficients, ueed in  the teeta  to siln~ihte 
constant militxxq power opera.tion in flight  for each of the respective 
lift coeffioients, were detemined from the curve 02 T, Etgafnet 
CL cafcuhted ' for sea-level r a i ~ t a r y  power- (fig, 7). 

The idUng ~ower t e o t s  were made .at the lowest possible smooth- 
runuing epeedr The t e e t s  were made at a tunnel airspeed of approxi- 
mate* 62 miles per hour. . 

, .  

.. . .  

RTEUL3S' AM) .DISCUSSIOIV I 

A l l  canopy pressures are ewressed in W e  report in term of 
I -  .. 

. .  
the coefcicient P, equal t o  . m. The external pressure coeffi- . .  9 0 -  ' - 
cients ' Pe are presented-in lateral glots for' four representative 
longitudinal  stations on each canopyc The 2igures also include the 
internal pressure coefficients Pir ar@ Pir, which.am the 
average interim1 pressures at t h e  front and at the rear of the 
CkmOpieS. These. two interrial pressure ooeffioients are presented . , . 
because there .was practio- no vaation amom the individual 
internal pressures at  either t he  front or the . r e a r  stations,  but 
there was eone variation between average pressbe  of the statione. ' I 

- 
.- 

-.  .- 
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. Front Canopy Pressures 
. .  . .  

The  test msults for the front canopy. are pTesented in f i e  
. .  

-a 6 to 13. . .  

Canop;p position  effects .- Six canopy positions. .are presented in . ' 

each figure  to  illustrate t h e  variation of the preseures with c m p y  
opening f o r  each test  condition* In general, remidleas of y&w angle, 
lift coefficient, or power conditions, t h e  e x t e r n a l  pressures over , 

t he  front canopy we- uniform longitudinally f o r  'the oonfiguration . 
with the  front oanom close& and the rear canopr full open. Opening 
the  f'ront  canopy 3 inches, with the rear canopy full-open, produced 

, high negative external pressure. peaks over the  front of the canopy. 
.. Further opening of the .front canopy caused a reduction in the . , - 

. .  
. ,  

.. 

. .  

high negative presswe peaks until at full-open the pressures . .  



were a&n uniform '1ongi.tuCUnally. The' pressures over ';he rem part 
of t h e  canopy trere  -not  appmoiably  affected by opening t h e  f ront  
canopy, a&.. c-onsequently, tire .ovei.r-all external pressure increase with 
the  f ront  canopy 3. inches open Etnd the r ea r  canopy open waa only 
.moderate. Reaz'canow. posit ion appears t o  have negligible  ef'feot on 
the f ront  caslogy 4xte-mal presaure dist r ibut ion,  

The internal  pressures w e  dimot ly  dependent upon the.externa1 
pmseures surrounding the canopy and upon the amount of leakage between 
the two pressure fieldR. Oge- the canopy has the ef fec t  of 
increasing  the ledcage ares. Consequently, the oonfiguration w i t h  
the m n t  danopy' fuU-open and the -mar canopy oloeed produced the 
hi&est  negative internal pressures; t h e  lowest negative  internal , 

pressures were produoed with both oanopiea olosed. To illustrate . 
the magnitudes of the  internal' .pressums for these two canopy setti-, 
figure g(d} shows the average' internal pmseure coeffiolente ranged 
frcq -1.01 with the fY0n-b oanopy f 'u l l spen  and the rear cemopy clooed 
t o  4.10 with  both canopios olosed. 

. The configuration which gmhuoed the highest net loads on the 
otuiopy based' on the d5fferentia.l qf the external and internal pressure 
coeffidienta (p, - PI) was that with the. front and rear canopies 
alosed, $orwhich aase the highest campy loads were i n  the exploddng 
direction. ' 

LiMccoefflcient  affeota.- Fow Uft coefficients ranging from 
O , l 7  'to 1.33, are shown i n  figure 6 for the propelloiwmnoved  oondition 
a t  0' angle of yaw. The external prsssure dist r ibut ions were 
symmetrical f o r  each l i f t  ooefficient, with somewhat higher negative 
pressures  appearing on the sides of tke canopy than a t  the top. .The 
average external pressure coefficient increased f + v  approximately 
-0.3 t o  -0 .5  when t h e  l i f t  coeff ic iant  was ,varied from 0.17 t o  1.33, 
f o r  the aonMguratiion w i t h  the f ront  and r ea r  canopies clcwed, and 
proportionate  increaeea were observed for  the other canopy positions. 

Generally, the negative internal pressures inoreaaed  slfghtly 
wi%h inoreaaing l i f t  coefficient." Ah exception t o   t h i s  rule, however, 
is the conditlon  with the f'ront and rear aano.oiea closed, fo r  whioh 
the internal  pressure  cooffioients  appeared t o  retain their re lat ively 
b w ' ~ t u d e s  over the entire range of l i f t  coefficients.  

Power-effect.-.  -.front c g g g y  pressures m e  shown f o r  t h e '  . 
propeuer operating  conditions 'at OO angle of yaw i n  f i g u e s  g(a) 
through g(d) fo? mi~~tary power a t  four di f fe ren t  lift coefficients 
and i n  figure g(e )  for .$d l ing  power, The pmssures observed f o r  the 
idling pawer condition were  o q a r a b l e  to.   those shown previously en 
figure 6(a) for similar configurations with the propaller removed. 
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a o s t  of the negetfve Internal presBures, Wsth' the oxoeption of 
the oollriguration with the front and rear canopies closed, irere h u h  
higher for the milftaqy-pawer oondit3oi-m tban th8 propeller-ramove'd 
mndltiona; The negative izitemal pressures were M e r  inoreased 
at  the high lift coefficients. With the front and.rear canoplea 
closed the internal preesures were only elightly increa&d for th$: 
propeller operating JdonditZons 

. The 'k t  crushing load on the' .re& canopy f o r  the  aonfimratiorf 
. ... I .  

. -.  * ' .. 

. 'Mth the front canopy open and the rear o m q g  closed. was over M o e  
RB weat -st CL = 0.17 88 at CL = 1.33 when based on the 
comsponiiing airspeeds;' bthough. t h e  .net e x t e m a L h t e r 1  pressure 
aoeffioients were v e e  much larger at CL 1.33 than a t  CJ, '= 0.17. 
'For ms't 'of .&e simulated flight. oon&tions. the net rear canopy 
. orushi= loa& (per unit area) with the  front ' canopy open and t h e  
rear canopy closed were leas than one-hax of the net front oanopy 
exploding laads wfth f&@ froitt.,and rear cqnoppfeg 'closed. . .  

, .. . .. . .  



A pre’ltminw.q analysis  uf the results of t h e  c m q y  loads teBt6 
on the oonventional front asd ma?? slid3ngoanopies which are -t;ppified 
by t h e  installation on %he SB2C-&E ‘airplane, oonduoted in the Langley 
full-soale tunnel,  showed  that f o r  the rasge of aondltiom teeted: 

1. The maxham loadfng condition, based on the external- 
internal pm~sure difl“erentia1, for the  front and rear oanopfes w e r e  
obtained for the  high-speed f‘li&t condition of t h i a  airplane. 

2. TBe highest 1oad.e on t h e  rront oanom were  in. the explocUng 
direotion and wcurred for the oonfi&ztion w t t h  the front m d  rear 
GaOpieS ClO8ed. 

; 

3. The highest lozds on t he  rear canopy we= ir! the ovushing 
direation and oocuured with the &front canopy open an& t h e  rear oanopy 
olosed, For most of the’eimulated flighk oond l t l om the ldghest 
rear oanopy lo&, (per unit mea)  were less  than one-half We highest 
front-. oanopy loads. . , 

I 

. .  . _  . . , . 1 : 
i 

. 4, The a&metrioal ‘air flow about the airplane at yawed 
: - a5titudea produaed unbalant,ed extemal pressure distributions which 

that v e m  often aonaiderably hi&er than t h e  average  net oa iogy  
losds , 

~~. 
w resulted i n  .looal net exploding and omshTng loads on both oanogies 

5. The negative external asld internal pmsmm ooeffioients for 
both canopies -re inarewed by the additional. axial velocity of the 
propeller slipatmaa. The rotatfon of %he propeller sU. stream 
had negligible effeot on the pressure distributions at 0 B yaw angle; 
but at the positive and negative yaw attitudes the ocrmbined effeots 
of the s l f ~ s t m a  rotational veloaity and the aspmetrical air flmr 
produced distorted  distributione over the aanopies, 



12 ' 

Langley Memurial Aeronautical Lsboxatorg 
National Advisory .Camittee for Aeronautics 

Langley Field, VEL. 

1. Cooke, Be.Nlie.W., Jr., and, CzarnecM, K, R.: Canopy Load8 
Ihvestieation f o r  the Fa-3 Airplane, NACA RM no. L6L23a, 1946. 

2. Cooke, B e d e  W,, Jr.: Investigation of the W d s  on a mica1 
Bubble m e  C a n ~ p y . '  PACA P4 No. LmO7, 1947. ' Y 

! 

'd . 



NACA RM No. L7D04 Fig. 1 
. 
7 

.. 

t 

I 



NACA RM No. L7D04 Fig. 2 

c 

- 

Figure 2 

(a) Canopy and deflector open. 

f 

! 

(b) Canopy and deflector closed. 
I 

t 
I.- The rear ca,~opy in the open and closed positions, Showing 

the two positions of the deflectors. 
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figure 6 .- Pressure dhtributions over the fd canow of the SBPC-4E airplane. $ 0 dog 
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Figure 8 ,- Pressure  distdbutions over fie fhm‘canopy of the SBPC-4E airplane. e 7’5dsg. Y 
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Figure IO .- Preusun? disiribuiions ovw Me fd canow of the SBPC-4E airplanb. -7 w. 
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( b )  Propeffer remwedi C; a56 
Fwre /5.-Cmfinued. 
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Figure 18 .- Pressure  distributions over  the rem-  COR^ of the SBPC-4E uirpkne.&. 0 dsg. 
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Figure 21 .- Pressure disrrlbufions over f ie nwcanopy of the SBPC-4E airpfane.fi 7 dsg 
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