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CANOPY LOADS INVESTIGATION FOR THE PEF-3 ATRPLANE
By Bennie W. Cocke, Jr., and K. R. Czarneckl

SUMMARY

In conJunction with a general investigatlon of the aerodynamic
forces on cockplt enclosures, surface static pressures have been
measured over both the outer and immer surfaces of the cockplt
canoples on the Grummsn F6F~3, Curtiss SB20-4E, and CGrumman FEF-1
airplenes in the langley full-scele tunnsl, This paper presents
& preliminary analysis of date obtained Por the F6F-3 airplane.
Plots are presented that show the distribution of pressure at
four lateral stations through the canopy for a range of condlitions
selected to determine the effects of varying cenopy posltion, yaw,
1ift cosfficient, and power. The results indicate that the net
asrodynamic loads on the canopy are greatest when the alrplane ls
operating at high speed with the canopy closed. At all attitudes
invegtigated the effect of opening the canopy ies to reduce the
internal—-externel pressure diffsrentiel, therefore reducing the
exploding forces. Asymmetricel loading is shown for numercus
conditions due to propeller operastion and airplaene yew but is
most extreme at positive yaw attitudes with propeller operating.

IN‘:.'E‘RODUCTIOH

The ocecurrénce of canopy feilures on Navy sirplemes in flight
has Indicated that present load requlrements uwsed in the deslgn of
canopies and thelr components may not be adequete. As the current
load requirements are bhased on wind-tunnel pressure distributions
obtained over a range of pltch and yaw attitudes with the canopy
closed and do not include accurate measurement of internsl pressure
or the effeets of canopy opening, it is deslrable that these factors
be investigated and the criltical load condlitions more accurately
defined,

As B result, the Bureaun of Aeronsutics, Navy Depariment, has
requested the Iangley Taborestory of the National Advigory Committee
for Aeronsutice to conduct e general investigation o determine the
critical load requirements by means of external and internmel pressure
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measurements on alrplanes employing three representative types of
canoples. The three types of cangples. selected for the tests were
the conventional single-sliding enclosure, conventional front end
rear-gliding enclosures, asnd-the bubble-~typs enclosures which are
typified by the installation on the Grumman F6R-3, Curtiss SB2C-4E,
end Grimman FBF-:L airpla.nes, respectively.

As the first pha.se of this investigation, tests heve been made
in the Iangley full-scele tunnel to determine external and Internal
vressure distributions on the:three typeos of canopies for an extenalve
range of simulated £light conditlons with canopy position variled from
eloged to full open. This paper presents the results obtained with
the conventional single~sliding canopy on the F6F-3 airplane,

ATRPTANE

‘The FEF-3 airplane is a single-place low-wing fighter airplane
‘having a wing span of 42 feet 10 inches, a wing area of 334 square feet,
and g normél gross weight of 11,441 pounds. The airplane is
powered by a Pratt & Whitney R-2800 engine having an engine :
propeller gear ratio of 2 to 1, The engine has a military pover
rating of 2000 horsepower at 2700 rpm at sea level. The engine
drives a l3-foot l~inch-diameter 3-blade Hamilton Standard propeller,

A three-view drawing giving the principal dimensions of the airplane
is shown in figure l. Figure 2 shows the airplane mounted in the
fﬁzll—ecale tunnel., - : '

The cockplt enclosure on this airplane conslsts of a single
conventionsl rearward sllding canopy equipped with emergency
release mechaniem, The canopy hag no curvature In the side panels
and has approximately constent crosza section from front to rear,

The windshield fairing ahesd of the canopy is rounded and intersects
the fuselage at! an angle of approximetely 45°, * A% the rear the
canopy Tairs tahgent to the Puselage ai’terbody. Figure 3 showa

the genera.l canopy a.rrangement. ‘

METHODS AND -TESTS
Swurface static 'preséures over ‘bhé cockpit cancypy were meesured

by means of flush-type static orlfices installed in nine longitudinal
rows slong the canopy {fis. &), In'berna.l ce.nop'y preseures were

- mea.sured by meeng of four, -}g—ing‘h aﬁa.’c.ﬁ.a preesure tubes mstalled
- R i RS DA ™
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on the inner surface of the canopy at locatione indicated in ‘
figure k.

The external snd internal pressurss were measured wi"bq propeller’
removed and with propeller operating and with the canopy .set in

four posltions: mnamely, clossed, 3 inches open,"és open, &nd full cpen.

. The tests were msde with the airplane set at angles of attack
correspondlng to lift coefficlentes of 0.20, C,52, 0,91, and 1.23

which were debermined from force tests with propeller removed (fig. 5).
The tests with propeller removed indiceted that the canopy pressures
were only slightly affected by largs changes in 11ft coefflcient,

It was belleved, therefore, that any changes In 1ift coefficient due
$o propeller opersatlon would have litbtle effect on the canopy vresaures,
Consequently, the values of angle of attack used durlng the tests with
propeller removed wera duplicated for the teste with propeller
operating. The specified values of 1ift coefficlent are for the
propeller—removed condition snd hence the values glven for the tests
with the propeller operating are somewhat lower than those actually
obtained.

With the propeller removed the tests included measurements
at yawed attitudes of 0° and ~7.5° for the two low 1lift conditions,
and et yaws of ~15°, ~7.5°, and O° for the high 1lift coefficients.
Tests were not made at the positive yaw attitudes with propeller
removed ag the cenopy is symmetrical and the pressures at positive
yaw should merely be in the opposite sense from those measured at
negative yaws. With the propeller operating the power—off test
procedure wag repeated end was expanded to include additional tests
Por the same serlezs of condltlons throughout the peositive yaw range.
Thrust coefficlents used in the tests to simulate constant militery
power operatlion In Fflight for each of the respective lift coefficlents
were determined from a flight curve of T, against Cp for sea—

level military power furnished by Crumman sircraft corporation
(f1g. 5). Tunnel-operation conditions for obtaining the proper To

and CI. relationshipe for a constant alrspeed of 60 miles per hour

and congtant propeller blade engle of 26° (0,75 redius) were obtained
from a propeller celibration.
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SYM.BOI.S
CL - 118t coefficlient >
e --'bhrust copfficient
. 'v'=’ )
P pressure coefficient (—13—:—2!)
L 1ift s pounda )
thruet, pounds
s free~stream dyne.mic preasure ("’po ‘Toa) pounds per smquere foot
" Po maes density of e.ir, ‘8lugs per cubic foot
lpcal static pressurs, pounds per sguare foot
;po ~free~stream statlic pressurs, pounds per squere foot
s wing area, square feest
v alrepeed, feoet per second
D propeller dismeter, Teet
v engle of yaw, degrees
Subscripts:
i internal
e external

DISCUSSION OF RESULTS

The test results are presented in figures 6 to 13 in the

form of pressure~distribution plots showing the variation of
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external pressure cosfficient (‘g_:}_g_) at four latersel statlons
a5

through the canopy {flg. 4) for each test condition. Intermal
static—pressure coefficlents are also shown on the respective
figures for each test conditlion. For all cases where the internal
pressure ls unlform an average value is ghown and for conditions
where the internal pregsure varled the pressure coefficlents at
the four polints of measuremsnt are shown individually. The
variation of internal pressure coefficlent with yew is showm In
figure 14 for the complete range of alrplane attitudes tested
with propeller operating end canopy closed.

External Pressure Distrlbutlon

Zero yaw.,— The results of teste made wilth the alrplane at
gero yaw are presented in figures 6 and 7. These results show
that with propeller removed (Pig. 6) the lateral distribution
of pressure coefficlent is symmetrical and has e maxlmm varistion
of approximately 0.25 from the sides to the top of +the canopy.

The highest negative preassure coefficlents ococur with the canopy
olosed or 3 inches open with meximum value of approximately 0.70q,
reached over the top of the canopy. Neither the peak pressures
nor the nature of the pressure distributlons is eppreclebly
affected by varlation of 1lift coefficient,

With the propeller operating the test results show (Pig. T)
that the magnitude of the pressure coefficient and the symmotry
of digtribution are appreclebly affected at the higher thrust
conditions due to the increased locsl velocliy and rotation of
the slipstresm, For conditions with the propeller coperating et
low thrust coefficlents (figs. T(a) snd 7(e)}) the power effects
are quite smsll, High thrust conditions, however, as shown by
figures T(b), 7(c), and 7{d), produce asymmetry of pressure distribu—
tlon which results in a net side-~load component te the right with
maximum pressure coefficients as high as -1.,8 for the condition
representing take-off with military power (fig. T(d)). As seen
from the test results (fig. T), opening the cenopy decreased
the pesk negatlve extermal pressure coefficient for any glven
condition by approximately 0.40 but resulted in increased pressure
asymmetry at the front of the canopy. .

Considering the external~internal pressure differential
{(Pe — P;), which is the basic parameter in determining net

cenopy exploding loade, the teet resulis ghow that the greatest
d1fferential pressure existe with the canopy closed for all sirplene
ettltudes investigated at zero yaw. Caloulations indicate %that
the net loading for the high-speed attltude represented in

figure T(a) will be approximately double the loads encountered
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in a military power teke—off condition as represented by figure T(d).
Also, the loeds encountered in a high-speed pull-up are expected

to be approximately the seme as those for the level-flight
high—speed condition, inssmuch as the canopy pressutes are not
appreclably affected by increasing lift coefficient,

Negative yaw,— Figures 8 to 11 present the results of tests
made with the alrplene at negative yaw attitudes (right wing
advenced), The results obtained with the propeller removed
(fige. 8 and 9) show that yaw produces asymmetry in the pressure
distributions with peak pressure ooefficients reaching values as
high as -1.1 at & yaw angle of —15°. The asymmetry is most
pronounced at the front of the canopy although at the higher yaw
attitudes (figs, 9(a) and 9(b)) appreciable asymmetry 1s in evidence
et all four prossure~measurement stations. The propeller-removed
rosults alsc show that variation of 1ift coefficlent hes only slight
effects on' the asymmetry of pressure distribution and magnitude of
the peak negative pressures.

With the propeller operating (figa. 10 and ll) the resulte ghow
that the lateral asymmetry of pressure is apprecisbly reduced
Inssmich as the slipstream rotation.tends to counteract the angle
of flow over the canopy induced by negative yaw. At =T7.5° yaw
attitnde the slipstream effects at the higher thrust conditions
(figs. lO(c) end 10(d)) ‘completsly overcome the asymmetry due to yaw.
At <15° yaw, however, the asymetry dus to yaw. 1s never completely
overcoms glthough approxima.tely gymmetrical loading conditions are
indicated for the high thrust comdition {fig..11(b)). TFor all
negative yaw conditions the extermal pressure coefficients have the
greatest negative values with the cenopy closed ¢r 3 inches open dut
show the greatest a.eymetry of distributlon with the canopy full opeu.
The test results indicete’thet the net canopy exploding force based
on external-internal pressure differential (Pg ~ P4) will be greatest

with canopy ilosed for all negative yaw attitudes,

Poglitive vaw.- The resulta of teste made at positive yew
attitndes’ (right wing retarded) with propeller operating are presented
in figures 12 end 13. These results.show that at positive yaw attitudes
the effecte of slipstream rotation and: yaw ‘combine to cause very
prouounced asymmetry and high negstive peaks in the lateral pressure
dlstributions, As shown for negatlive yaw condlitions the lateral
agymmetry of pressure is most pronounced at the front sections of the
canopy arid the groeatest negative prespures ococur on these gectlons,
The pressure asymmetry is similar to that shown &b nega.tive yaw :
attitudes in that the locetion of Bection peak negative pressures vary
from front-to reer. In géneral for tlie canopy-closed condition, the
negative pressm'e peaks at the front of the canopy ( station l) ogour

'
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approximately over .tube. number 5 on the side near the retarded
wing, and for the rear stations the peaks progressively shift

go that for stetion 4 the negative pressure peek is a.pproxima.tely :
over tube number 3 on the glde near the advencing wing. .

'I‘he na.ture of the distri'bution of side forces on the .canopy -
due to the pressure esymmetry will be similar to that &iscussed‘
for zero yaw conditions except that it is more extremes, Based "
on external—-internal pressure differential (P - Pi), ‘the results

indicate that the net exploding forces will be greatest with

canopy closed throughout the positive yaw range. As noted at

zero end negetive yaw attitudes, the effect of opening the canopy is
to decrease the magnitude of the extermal negative pressures and
increase the internsl negetive pressures. Calculations indicate
that although maximum negative pressures gs high ag -3.0qq a1
encountered in the worst conditions at 15° positive yaw {fig. li(b)),
the over-all net exploding force on the canopy should not exceea.
that for the high—speed. attimd.e with Zerc yaw. .

Internal Stetic Preassures ST e

Static pressures measured et the inner surface of the canopy
are shown in conjunction Witk the external pressure ‘distributions
presented in figures 6 to 13 for the complete range of test = |
conditions, In addition, FTigure 1l is presented to swmerize the
veriation of internal pressure coefficlient with yaw angle for
all the tests made wlth canopy cloged end propeller ‘operating. _
From the test results it is seen that the internsl pressure has
a negative value: throughout the range of conditions investigated.,
The least negative velue of internal pressure coefficlent measured
was ~0.15 for the high-speed attitude (Cr, 0.20; To, O.0Lk) with

canopy closed (fig. lll-). The effect of increa.sing 115t coefficient
with propeller- operating et thrust coefficients simulating military
power was to decrease the internal pressure coefficlent as shown . -
by figure 111-. The effect of a.:lrpla.ne yaw also 1s to reduce slightly’
the internsl pressures at the higher angles of yaw when the thrust
coefficient 1s small and to & considerebly gresber extent when the
thrust coefficient is high, These resulits show that the verlation
of intermel pressure ccefficient ig a &irect reflection of the
extemal—pressure-field. varia.tion and 'bhe cockpit leakage; therefore,
eny verisble which causes the external pressures to become more
negative has the same effect on the internel pressures, ILikewlse
partially opening the canopy increases the leakege ares and ellows
air to flow freely from the inside of the cockpit to the surrounding
lover pressure area, thus causing the further reduction in internal
pressure shown for canopy positions from closed to half open.
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For the canopy full-open position, however, this trend is reversed
and the Ilntermal pressure becomes less negative ag alr is probably
flowing under the cenopy for this condition, For all tests at

zero and negative yaw attitudes the internal pressure is uniform
throughout the canopy. At the positive yaw attitudes with propeller
operating (figs. 12 and 13) and canopy open the internal pressures
become qulte lrregular due to the influence of the asymmetrical
external prsasure field and disturbed. flow conditlions.

CONCLUDING REMARKS

The results of the investigation of pressure distributlions
on the conventional single—place canopy of the Grumman FEF-3
alrplane show that:

1, The net exploding forces on the banopy'will'bé greatest
when the airplane is operating at high speed with canopy closed.

2. For all conditlions the net canopy load will be in an
exploding directlon.

3« At 2ll attltudes investigated, partially opening the
canopy reduces the extermal-internal pressure. differential,
thus reducing the net exploding loads. -

k. Yewing the alrplene increases the magnitude of the peak
negative pressure coefficients and results in an agymmetrical .
lateral distributlion of pressure which becomes more pronounced
with increaging yaw, i

5. The high axial velocitles and rotation of the slipstreem
at high thrust conditions slso increasse the magnitude of the
pressura coefficient and produce ssymmetry in the distribution
of pressure. The effects of propeller operation are most pronounced
at positive yaw attltudes as the flow asymmetry due to clockwlse
alipstresm rotation combines with the flow asymmetry due to positive
gz

6. Varying the 11t coefficient has little effect on elther
the agymmetry or magnitude of the Pressure coefficients.

lengley Memorial Aeroneutical Isboratory
National Advigory Committee for Aeronautics
Langley Field, Va.
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Figure 2.- The F8F-3 airplane mounted in the full-scale tunnel,
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(b) Canopy full open.

Figure 3.- Photographs showing the general arrangement of the F6F-3
cockpit canopy.
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