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FLIGHT MEASUREMENTS OF INTERNAL, COCKPIT PRESSURES
IN SEVERAL FIGHTER-TYPE ATRPLANES

By Edward C. B. Danforth, IIT and John P. Reeder

SUMMARY

Flight measurements of internal cockpit pressure have been made
in several fighter-type airplanes equipped with either conventional
or bubble canopies. Data are presented showing the variation in
cockpit pressure with indicated ailrspeed and angle of sideslip for .
both the canopy-closed and ths canopy-open conditions. Tne effect
of admitting the cockplt ventilating air is shown for one airplane.
The changs in cockpilt rressure accompanying & change in engine power
is shown to be small, Dats ars presented showing the variation of
cockpit pressure with normal gcceleration at a constant valus of
free-stream impact pressure. (At a given 1ift cqefiicient the
cockpit pressurs expressed as a fraction of free-stream impact
preagsure above frec-stream static presaure is shown o be inde-
pendent of normal acceleratlion. A method 18 outlined for predicting
the cockpit pressure in aeccelerated flight from measurements made
in unaccelerated flight.

INTRODUCTION

The noed for & more accurate prediction of the loads on the _
cockpit canopies of mervice airplanes has been made evidsnt by the
occurrence of canopy fallures in flight-and difficultics encountered
in opening and Jettlsonirg the canopies. In order to predict the
load on & canopy it is necessary to know the pressure distribution
over the ocuter surface of the canopy and the intermal pressure
within the cockpit. The externsl pressure distritution may be :
readily determined from wind-tunncl tcats of medels o estdmated by the
method of roference 1. Cockpit.pressure cannot ordlnarily be so ]
determined, because of the difficulty of eastimating the magnituds of
the leek arcas that would be present in the canopy and cockpit of
the proposed airplanc, - -
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Flight date on intermal cockpit pressures have been collscted
for representative conventlonal and bubhle canopies, and are
presented herein as a part of a generel program to investigate the
presaure dlatribution on cockpit canoples in flight. The data are
presented to irndicate the megnitude and variation of the internal
pressures that may be expected and ars applicable to other alrplanes
whose configuration and cockpit leakage are similar to those tested,
It is tu'be expected that airplanes with similer construction would
have similar amounts of cockplt lemkage, No evaluastion of design
criteriong 1s made.

The data in the pressnt paper would aslsc be of intercst in
connection with carbon-monoxide studles and the problems of heating

and cooling the cockpit.

SYMBOLS
CL alrplane 1lift coefficient
Dy internal static pressure under canopy, pounds per square
foot
P external statlc pressure over canopy, pounds per sguare
® foot
Po free—-stream stetic pressure, pounds per square foot
qQ free—stream lmpact pressure, pounds per square foot
PL — P
G 2 internal pressure coefficient
Qe
Pog - D '
2 3 2 external pressure coefficient
c
Vo calibrated alrspeed, miles per hour
angle of sideslip, degrees
g ) acceleration due to gravity, feet per second per second

APPARATUS

Equipment installed for the present teste included a differential
pressure indicator to measure the difference between cockpit pressure



In

NACA TN No. 1173 3

and frec-strecm static pressure eand, for airplenes D cnd E, & yaw-
englo indicetor connected to e stenderd NACA yaw vens, Tho
atirspced V., and imprct pressure Qg Were obtained from the

readings of the service airspeed indicators.
TESTS

The tests conducted on ecch eirnlane arc sumerized in teble I,
All data werec obtained under steady conditions of flight and all
prosgurcs hove bcen corrccted for installation end hecd orrors.

Since no eltitude prossure mecsuromentis ere avelleble, &ll
cockplt pressures in this report arg prescnted zs functions of the
impact pressurs g.. Although tho cockpit pressure mey be more
nearly a function of the dynamic pressure g, the srror incurred
through the usc of q¢ should be amell,

RESULTS AND DISCUSSION

Effact of Conopy Shepe

Tho pressurs within the cockpit of an eirplane in flight is
dspendent upon the losk arcas through which &ir mey flow into and
out of the cockpit and the pressure drop across thceae leaks, In
gesneral, air cnters the cockpit from somo higher prussure region
such as the tail-cone opening end leoaves through lceks in and
around the canopy to the lower pressurc reglon surrounding the
cCanopy. '

Pe = Fo -

The externel preassure coefficient ~g;  1s depcndent upon
the size, shape, ond engle of atteck of the canopy and ite location
with respect to the pressurc fields of the wing end fuselage. The
higher and morc atrupt the profile of thc cenopy, the greater the
magnitude of the externel pressure coefficient end the lower the
vpressure in the cockpit. Any leaks communlcating w'th high negative
pressure roglons of the wing or fuselege will furthcr reduce the
cockpit pressurc. '

., Side views of cll airplanes discuseed are shown in figure 1, emd
the genersl effect of cenopy profilc on internsl cockpit pressure
with canopy closed is indlcated in figure 2. It is secn thot those
airplenes with low, flot canopy prefiles, such apg eirplencs B and F,
experisnce the least cockpit depression., The Internsl pressurs
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for airplsne B and -0.17 for alrplanc A.

cogfficionts for tho high-spsed rengc lie betwcon -0,01

The shepo of the canopy wes not the only factor contributing to
the low cockpit pressures measurcd in alrplancs A and C, For alr-
plane A, &ir flow through the cracks at the bottom of the doors to
the low-prossuro field of the wing coused an additionsl dxop in
cockpit pressure. The lcsk area tround the canopy of alrplane C was
large in comperison with thet for simller types of cenopy considcred
in figure 2,

The pressurcs shown for cirplone B erc not quite compersble with
the rosh of the dote in figure 2. It was not possible to shut off
completely the ventilating sir in this airpl ne; conscquently, the
cockplt wos rommed elightly. : T _ o

With tho exception of the data for cirplenes D and E, all dste
presented hereln wore obtaingd from fli5ht measwrononts madc ovor an_
cxtended period of time as tho airplenss became aveileble. Errors
dus to slightly open vemtilators, thercfore, mey be present foi
cirplanes other then elrplane 8., From inspoction of thoe duta,
however, it appcars that if such errors aro present thoy are much
smalicr than thet Tor cirplene B,

Effect of Opening Cenopy

Opening the windows or cenopy of an alrplane incrocses the casc
with which air may fiow out of the cockplt, and thus lowcrs the
cockplt prossure still further for o given veluc of 9 Or incrcoases

the rate of depression with speod. The variation of cockplt preseure
with g, with canopy open is shown for several cirplenea in

figure 3. The variation with canopy closod is inclvded on each
fisure for comperiscn.

The drop in cockpit pressurc caunsed by opening the canopy
emountcd to about 0.17g, for airplane A, about 0.22q, for alrplancs

Bend C, and about 0.28q; for airplanes D end E,

For airplenus D and E the cocckpit-presoure plckup wes cttcched
directly to the insldc of the canopy so thet, with the canopy closcd,
the pickup was Just above the pilot's heuad. Thus the indicated
pregsure was at 8ll times roprosentative of the internsl load on the
canopy. For the othor airplancs thy presagurce plckupye wure attached
to tho upper right-hond part of the instrument pencl, The date
prosented for airplane C with. cenopy opon (fig. 3(c)) arc subject
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to question, since with a sliding canopy of this type (fig. 1(c)) the
pressure in the cockpit may not be egual to the internsl pressure
acting on the canopy. No question of this naturc is present in the
data for sirplanes A or B since the canopics of those airplanes erc
equipred with windows and are not the sliding tyre.

ffect of Sideslip

In a sideslip, the asymmstrical flow over the canopy causes the
external pressure coefficient to Pecoms more negative and therefcre
causes the internal cockpit pressure to decreass still more rapidly
with gqo. At a given speed the cockpit pressure may be exypected to

decrease as the angls of sideslip is increased until the canopy
stalls.

The effect of gideslip on cockpit pressurs is shown in
figures 4(a) and 5(b) for airplanes D end E, respectively. With
canopy clcsed, at a given airspeed, the cockpit preassure is seen
to decrease etill further with angle of sideslip. For airplans D
at 250 miles per hour with canopy closed, 20° right sideslip caused
the cockpit pressure to decresse by 18 pounds per sgquare foot. With
canopy open, at a given airspeed, the cockpit pressure incredses
with anzle of sideslip. In this casc the alr comes directly into
the cockpit and has a ramming effect. At 200 miles per hour with
canopy open, 1lO° left sideslip caused an increase in cockpit
pressure of about 35 pounds per squarse foot. o

In figures 4(b) and 5(b) the date have been replotted against gqg

for constant angles of gideslip, With canopy closed, the rate of
change of cockpit pressure with g, increases with angle of sgldcslip.

With canopy open, ths affect of sideosglip at a given aspeed is to
increase the cockpit pressure, The over-all effect.of increasing the
speed at a constent angle of sideoslip, howeveor, 18 to decrease _the
cockplt pressure.

It should Pe noted that for airplsne.D all sideslip date for the
canopy-closed condition were msasured with the ventileting alr full
on. Data to be presented In the following section indicate thet, with
canopy closed, the ramming action of the ventilating air incressed
the cockplt pressure by approximately 0.07q,. With the ventiloting

air off, the cockpit tempsrature was untearable and precludcd
obtainina dato for this conditlon. XNo such diffioculty waa encountersd
with alrplenc E, The magnitude of the pressurcs obtained in sideslip
in thc eirplances D and E are thus not directly compsrable, but it is
folt that the change in cockpit prossure per dogreo of sidoslip angle
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at any given epeed should be comparable. The cockplt pressure appears
to decrease slightly more repidly for airplsne E than for airplane D
although it 1s difficult to reach any definite conclusions because of
the lim}ted amount of data for airplane I,

Effect of Ventilating Air

Measurements were made in airplane D as an example of the
magnitude of the pressure chunges within the cockpit with the
ventilating air on ani off, In spite of- ‘the high cockpit temperaturcs
measurements could be obteined in straight flight by Lurning the
ventilating air off Just long enough to read the cockpit-pressure
indicator. These data are presented in figure 6. The ventilating
air has the effect of ramming the cockplt and for this cass the
cockpit pressures were. increased by approximetely O. 0Ta, throughout

the speed range tested.

Effect of Power

Measurements of cockpit pressure in the power-off condition
have been made in airplanes A, B, and C and aro pregonted in
figures T(a), 7(b), and 7(0), reepcctlvely. The cockpit pressure
with powsr off was about 5 pounds per square foot h*ghor than with
nower on becausc of the—lowerod velocity over the canopy in the
absence of the propeller slipstrcam., Thc data for alrplane B
(fig. 7(b)) are unusual in that, at high srecds, lowsr cockpit ST
preggurce were obtained with power off than with powsr on. This
result is due to the slightly open cockpit ventilator. The
ventilating alr, coming from the entrance of the radiator duct,
would be at & lower pressurc with power ¢ff than with power on.
The consequent rcduction in flow of the vcnt'latinp alr wag apparently
enoush to more then compensate for the reduced velocity over the
CENOPY . '

Effect of Normal Accoleration

For unaccelerated flight it was found convcntent to plot ilhe
cockpit precesure differential P14 - Py against des since, sxcapt

for the effect of compressibility, q, 1a a function of tho attitude

of the airplane. This method of plotting the data can be oxtonded
to accelerated flight by retaining tho normal accelcration as a
parameter.

i»’
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Measurements of cockpit pressure have been made in airplans B
in turns under normal accelerations of 2 g and 3 g .~ These data arc
presented in Figure &e). The cockpit pressure at a constant value
of g, 18 seon to increase with normel acceleration at a rate of

about 5 pounds per square foot per g because of the increasing angle
of attack of the airplane. In figure 8(b) these data have been
replotted as 22—6329 egainst Oy, and are thus independent of ths

normal acceleration,

The cockpit pressure in accelerated flight canpbe ogtainsd from
messurements made in unaccelerated flight. Since —2—az—9~ is solely

a function of Cy, 1t is necessary only to calculate the g,

correaponding to a given value of Cy, in accelaerated flight and

multiply it by the wvalue of 2145_29_ corresponding to the same
c
velus of Cg, in unaccelerated flight.

Theso calculations were made for airplanes A, D, and E in the
canopy-closed condition, and the results obtaincd heve been plotted
in figures 9, 10, and 11, respectively. Airplanc E,which showed the
-Ei—&zgg with Cg, has, naturally, the greatcst
change in cockplt pressure with normal acceleration &t & constant
value of g, (fig. 11). The effcct of acceleration 1s not so great
for airplane D (fig. 10) as for airplane E. It will be noted that
the cockpit pressurecs decrease with normal acceleration for alrplane A
at values of g, below 240 1b /eq £t (fig. 9(b)) and the slope of
Py - Po

largest variation of

the curve of againgt CL chenges sign. Thils effect is probebly
the result of excessive leakage of air from the cockpit to the low-
pressure reglon of the wing-fuselage junction at the higher 1ift
coefficients. ' N

SUMMALYY OF ERESULTS

An analysis of intormal cockplt pressure measurcments for six
fighter-type alrplancs showed the pressure within the cockpit to be
almost invariably negastive with respect to froe-stream static
pressure, As in the casge of alrplancs B and D & emall positive
cockplt pressurc may be expocted at low speceds with ventilating alr
on, In straight flight with canopy cloesed the cockplt pressures for
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all airplanecs tested ranged between the preesures meassured in
airplenes A and B. The interual pressure coefficlient was almost
zero in the case of airplane B but was as great as -0.17 for
airplans A. '

Opening the canopy in straight flight always caused a further
drop in cockpit pressure. For alrplans A this drop amounted to
about 0,17 (where e 1s free—stream impact pressurs), for airplanes
B end C to about 0.22q,, and for airplanes D and E to about 0.28q,.

The effect of sideslip was to decrease further the cockpit
pressure with canopy closed and to increase it with canopy open.
For alrplane D at 250 miles per hour with . canopy closed, 20° right
sideslip caused the cockpit pressure to decrease by 18 pounds per
square foot. At 200 miles per hour with canopy open, 10° left
sldeslip caused an increass in cockpit preesure of-about 35 pounds
per square foot.

The effect of admlitting the cockplit ventilating alr is to
increase the cockplt pressure and, for the case of alrplane D,
amounted to about O.O'Tq_c throughout the speed rangse tested.

For the alrplanes tested, theo cockplt pressure in the power—
off condition was found to be about 5 pourids per squars foot higher
than that measured with power om at correspcnding airspeeds.

The effect of normal acceleration on cockpit pressure .was found
to be about 5 pounds per square foot per g at 'a constent value
of gq. for alrplane B. The internal pressure coefficient when
plotted against the airplane 1ift coeffic*ent is independent of the
normal acceleration.

Langley Memorial Aerocnautlcal Iaboratory
National Advisory Committes for Aeronautics
Lengley Fleld, Va., July 26, 1946,
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TABIE T,- ATRPTANES TESTED AND TEST CONDITIONS

Ndnditiona S1deslips; | Ventilating Effect
tested | Canopy , Canopy canopy alr on and |Power on{ of mormal
closed | open closed off; canopy {and off | acceleration
Airrlane end open closed
A X x X
B by x x x
C X z X
D x X x X
pix x X x
¥ x
[
NATTIONAL ADVISORY
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(a) Alrplane A.

Figure 1.~ Side views of test alrplanes.
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(b) Airplane B,
Figure 1.- Continued.
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(c) Aflrplane C.

Figure 1.~ Continued.
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(e} Alrplane E.

Flgure l.- Contlinued.

€4TT "ON NIL VOVN

o1 *31d




it ;S o

LAAL
JTES

Aad
e

——

|-.|

st e 1 VT ..t.»li-'-:-w

(f) Alrplane F.

Pigure 1. Concluded.
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Figure 2.~ Qomparison of cockpit pressures with canopy closed and powe? on for
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Cockplt ventilator glightly open for alrplane B. .
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(2) Variation with angle of sideslip at constant calibrated airspeed.
Figure 4.- Effect of sideslip on cockpit pressure for airplane D,
Ventilating air full on; power on.
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FPigure 5.- Effect of sidealip on cockpit pressure for airplane E,
Ventilating air off; power on.
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(b) Variation of .._.:..?.9 with OL Same data as for figure d(a).

Pigure 8,- Effect of normal acceleration on cockpit preasura for airplane B with
canopy closed, power on, and cockplt ventilator slightly open.
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(b) Oaloulated effect of normal mooeleration on cookplt preasure,.
Figure 10,- Effect of normal ac¢eleration on cookplt pressure for sirplane D.

SLTT 'ON NI VOVN

q‘=soT 314




‘D‘- —;Do l/d/sfﬂ

q‘_/ o Jo——2 9’
o |

0 2 # 3 8 10 18
G

(a) vartiation of ?_1-'_!19 with OL from unaccelerated-flight data.
_
g

O -
U‘\"h-—.___’_'-
B D T s e e
2ol _ © ,\n._ EBE\?¥ I
\O\\ \{\\N__I!g_rm/ accel:ra//z;m.?g
- \r\.ﬂ ] ™
4O Sy
, ~Eay
Bt rd
-go [\\Y-')’IA
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
-80 | N

o 40 80 /80 /60 £00 =27 S80 220 JF60 400 £40
gc 7. /.57 34

T T —7 (|
21N L V] 2 LA
Yy e N LA L 7.7
i, mph

(b) Calomlated effeot of normal accelesration on cockpit pressure.
Figure 11.~ Effect of normal aoceleratiom on cookplt pressure for airplane E.
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