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In aonjunction with a general investigettLon of the ueroaynamic 
forces on cockpit enclo8u~ee, 8urfaoe statio preesures have been 
measured over both the outer and inner m f a c e s  of the oockpit 
canoptes on the Grummgtn F6F-3, Curties sff2C-4Z, and Grumman F8F-1 
afrplanee in the Langley fnll-scd.e tUnn41, This p p e r  present8 
& preliminary analysis of data obtained for the F6F-3 Etlrplane. 
Plots  are  presented. that show the di8tribUtiOn of preseure at 
four lateral atations through the canopa- 'for a range of conditione 
selected t o  determine the effects of vaxflng oaaopy position, yew, 
l i f t  coefficient, asla power. The m a t s  indicate that the net 
aerodynamic loads on t h e  canopy are  greatest when the airplane is 
operating at hfgh speed with the canopy closed. At all att i tudes 
investigated  the  effect of opening t h e  canopg is to reduce the 
internal-extemal pressure differentfal, therefore reducing the 
ernloding forces. AsymmetPiW loa- is shown f o r  numemu13 
conditions due to propeuer operation ~*airplcme raw but is 
most extreme a t  positive yaw att i tudes with propeller irperating. 

. I Q I ?  

The occurr&me of canopy failures on Navy drplenes  in f l igh t  
h e  indicated that present load requirements ueed in the design of 
canopies and their componante may not be adequate. Ae the'current 
load requirements a m  b a e d  on wind-tunnel pressure d2strlbutioae 
obtained over a range of pitch and yaw a t t i t u b a  with the canopy 
olosed a~ld do not include accurate measurement of i n t d  pressure 
or the effeets of canopy opening, 2t is desirable thgtt these factor8 
be investigated and the c r i t i aa l  load conditions mors accurately 
def b e d ,  

Ae R result, t h e  Bureau of Aeromutlca, EIavy Department, has 
requested  the Langley Labora3mry of the Hgat-lnnetl Advisory Committee 
l o r  Aeronautius to conduct a general investigation t o  determine the  
critical load requirements by means 00 exterqal. and internal pressure 
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on t h e  inner surface of the canopy at locatitme indlcateed in 
figure 4. . .  

The e x t e d  and internal preeswes were meamred with propeller: 
removed and with propeller operating and with the C&TIOPS .set in 

four positions: namely, closed, 3 inches open,' h open, and f u l l  open, 
2 

. The tes ts  were made with the airplane s e t  at angles of attack 
corresponding t o  lift coeffioisats of 0.20, 0.52, 0.91, and 1.23 
which were determine8 from fume tes te  with propeller removed (fi,g. T)* 
me tes ts  with propeller remtoved Indicated that the oanopy preeeuree 
were a y  slightly affected by large chsages in Uf't coefpicient. 
It was belleved, therefore, that an$ change8 in lift coefficient due 
to  propeller operation would have l t t t l e  effect on t he  canopy pres~we~.  
Consequently, the values of angle of attack used during t he  tests with 
propeller removed were duplioated f o r  the  tests W L t h  propeller 
operating. The specifled values of lift coefficimt are f o r  the 
propeUe>ramoved condition and hence the va,l.ues given for the teat8 
wfth the propeller operat- a m  somewhat lower than those actually 
obtained. 
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SPMBOLS 

NACA m KO. L6L23a 

PO ma8 density .of air, ,elugs per cubic f o o t  

. ..P. local static premmre, pounds per square foot 
. . '  

, .  

PO ' -free-stream static preeaure, pounde per square foot 

' S  xhg area, square feet 

v air~peed, feet  per second 
' I  

D propeller diameter, feet 

Subscripts: 

DlscrrSSIOW OF RESULTS 
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RACA pM No. &23a 

ext;eimd pressure coe~ficient - at four later& etatione 

through t h e  canopy (f'lg. 4) for each t ea t  condition. W t e m  
stattic-preaewe coeff'iciants are also &own on t h e  reepective 
figures for each teBt  condition. For all case8 where the internal 
preseura 16 uniform an &vera@ h l u e  18 shown aad for  conditione 
where the internal pressme varied the preesure coefffciente at 
the four points of m e a ~ ~ ~ ~ m a n t  Elre shown individually. me 
variation of Internal  preasure coefficient with yaw ie &own in 
figure 14 f o r  the complete range of dxlplana attitudes tested 
with propeller operating a d  canopy closed. 

(" 2) 
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Zero yaw*- !The results of . tests  made vLth the airplane at 
zero yaw are presented in f'fguren 6 rrnd 7. These resulte Ehm 
a t  with propeller removed (fig. 6 )  t h e  lateral distribution 
of pressure coefffcient is symmetrical and -has a maximumvariation 
of approximately 0.25 from the sides to -the top of the canopy. 
The highest negative preasure coefficients ocour witl? the oanopy 
olosed or 3 inches open with maximm 'value of approxirntelg 0.70s, 
reached over the  top of t h e  casopy. Neither the peak pressures 
nor the a a b e  of the  pressure dietributinna is appreoiably 
aff'ected by VEtYlla-bSon of l i f t  coefficient. 

With the propeller operating t h e  test results ehow (fig, 7) 
%hat the ma@;nitude of t h e  pressure coeff io2mt and the s y n m 3 ~  
of distribution ere appreoiablg af9eotea at t h e  higher €hrust 
conditione due t o  t h e  increased Iooa;l. velocity and rotation of 
the slipatream, For conditians wfth the propeller operat- at 
low thrust coeff$cien.ts (figs. 7(s) and ?(e)) the power effect6 
are  quite small. High thrmst conditions, however, 8 8  ahown by ' 

figures 7(b), ?(c), en& 7(d) I produce aspmetry of pressure distribw 
tion which result8 in a net s ide load  coqonent to the right with 
maximum pressure coefficients EM high aa -1.8 r o r  the omdltion 
representing talr+o# Hith mil i tary power {fig. 7(d) 1 . As 86811 
from the t e e t  results (fig+ 71, opening the ,cenopy decreased 
the peak negative & e m  preeaure  coefficieht f o r  any given 
condition by appro9Emately 0.40 but remlted fz lncreaaed p r e s m e  
asgmmetrg at the  front of the canopy, 
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For the canopy fuu-apan position, however, thle trend is revered 
and the internal pressure becomes less negative as air l e  probably 
flowing under the canopy for this condition. For d l  teets at 
zero and negative yaw attitudes the  internal pressure l e  uniform 
throughout the canopy. At the positive yaw attitudes with propeller 
operating (fige, 12 ana 13) and canopy open the a t e &  preseuree 
become quite irregular due to %ha influence of the atqmwtrical 
0 X t m I a l  pressure f f e l d  and dieturbed.flow conditions. 

The reeults of the investigation of pressure distributions 
on the  convention& singlei-place canopS of the  Grumman F6F"3 
airplane ehow that: 

1. The net exploding forces on the canopy: will be gratmt 
when the airplane is operating at high syeed with canopy  closed. 

2. For all condftione the  net canopy load will be in &z1 
exploaing direotion. 

3,. A t  all attftudes inveetlgated, pmtially.openin@; t h e  
canopy reduces the e x t e m a l - h t e r n a l  presswe.dif'ferential, 
thus reducing t h e  net exploding loads. 

4. Yawing the a i rp lane  increases the magnitude of the peak 
negative preeaure coefficTente and reEnxlts in 821 asymmetrical . 

lateral  distribution of .preeaure whioh become 'inore pronounced 
wlth increaefng yaw. 

5. The high &&I. velocitiee m d  rotat ion of the slipstream 
at high thrwt conditione .@eo increase the magnitude of the 
pressura coefficient and produce a s m t r y  in the dlebibution 
of presswe. The effecte of propeller operation a r e  most pronounced 
a t  positive y a w  atfitudefl &e the floiq asymmetry due t o  clockwise 
slipstre- rotation combines with the flow asymmetry due to poeftive 
mw. 

60 Varying t h e  l i f t  coefficient has l i t t l e  effect on either 
the asym~netry o r  magnitude of the pressure coefficients. 

Langley Memorial Aeronautical Laboratory 
National Advisory Canrmlttee for  Aeronautice 

Lan@.eg Field, Va. 
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Figwe 2.- The FBF-3 airplane mounted in the full-scale tunnel. 
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NACA RM No. L6L23a Fig. 3 

(a) Canopy closed. , 

(b) Canopy full  open. 

Figure 3. - Photographs showing the general arrangement of the'F6F-3 
cockpit canopy. 
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NACA R&l No. L6L23a Fig. 6a 



Fig. 6b NACA RM No. L6L23a 
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Fig. 6d NACA RM No. L6L23a 



NACA R M  No. L6L23a Fig. 7a 



Fig. 7b NACA RM No. L6L23a 
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NACA RM No. L6L23a 
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, Fig. 7c 



Fig. 7d NACA RM No. L6L23a 



NACA ECM No. L6L23a Fig. 7e 



Fig. 8a NACA RM No. L6L23a 
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NACA R M  No. L6L23a Fig. 8b 



Fig. 8c NACA RM No. L6L23a 
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NACA RM No. L6L23a Fig. 8d 



Fig. 9a NACA RM No. L6L23a 



NACA R M  No. L6L23a Fig. 9b 



Fig. loa NACA RM No. L6L23a 
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NACA RM No. L6L23a Fig. lob 
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Fig. 10c NACA R.M No. L6L23a 

CWWITTEE AERONAUTKS 
NATIONAL ADVISORY 



NACA RM No. L6L23a Fig. 10d 



Fig. 10e NACA RM No. L6L23a 



NACA RM No. L6L23a Fig. lla 



Fig. llb NACA RM No. L6L23a 



NACA RM No. L6L23a Fig. Ilc 



Fig. 1% NACA R,M No. L6L23a 



NACA RM No. L6L23a Fig. 12b 



Fig. 12c NACA RM No. L6L23a 
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NACA RM No. L6L23a Fig. 12d 



Fig. 12e NACA RM No. L6L23a 
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NACA RM No. L6L23a Fig. 13a 
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Fig. 1% NACA R,M No. L6L23a 
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NACA RM No. L6L233 Fig. 1% 
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