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ESTIMATION OF PRESSURES ON COCKPIT CANOPIES, GUN
TURRETS, BLISTERS, AND SIMILAR PROTTBERANCES
By Ray H. Wright

SUMMARY

Methods are des2rlbed for estimating oressure dls-
tributions over protuberences such as cocknlt canoples,
gun turrets, blisters, scoons, and sighting domes.

These methords are apniiled to the estimation of the »nres-
sure distributions over spherlical-segment and faired

gun turrets and over the protuberances on the

Brewster 3B82A-1 airolane. The effects of compressiblility,
interference, and flow senaratlion are dlscussed. It 1s
shown that, by a conwrbinatlon of sxperimental ésta wilth
theoretical methnds, limlting prassurcs for use In édeter-
mining meximur loads can 1n many cussa be satisfactorily
estimated. Much systematle exnerimantation is necded,
however, to lmorove the eczuracy of eatimation.

INTRODUCTION

The purpose of the prasent report 1s to describe
moethods by whlch nressures and hence loads on protuber-
ances, such as cockplt canopies, yun turrets, blisters,
scoons, and sighting domes, mey be roughly 9ostimated.

In particular, the possiblllity of deterrlinling limitin
valuesas of the orsssure coefficlent - wvalues which cannot
be exceeded 1n practice - 1s demonstrated.

The 1nvestigatlon was 1lnltiated by & request from
the buresu of Aeronsautlcs, levy Department, for load
date on gun turrsts. ¥o applicable exnerimental datsa
were avallable and, as the NACA testing facllltles were
already comnitted to other Investligations, 1t was declded
to estimate the limlting loads. .

¥ethods generally useful in the estimation of loads
on protuberances are descrlbed in the present report,
These methods are applied and, where posslble, the
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results ere compared with experimental data. The
methods &are necessarily only approximate. EFven 1f the
potential flow could be exactly calculated, the actusl
flow would likely depart so widely from the calculated
flow as to render the results lnvalid. The exerclse

of Judgment, based on experience, and the use of erperi-
ment in evaluating the effects of houndary lasyer, cerara-
tion, compressibllity, iInterference, and departure of

the shape from that for which pressures cen be computed
are necessary 1n order to arrive at useful results.

Although 1ittle opportunity for systemsatic experi-
mentation 18 1ikely at present, the study presented
herein 1s being applied to turret shapes on particular
airplane models being investigated at LMAL with a view
toward improving the methods of estimation of pressurss.

SY¥BOLS
P pressure
A veloclity
P mass density
q dynamic pressure, free stream unless otherwise
stated e-pva)
P pressure coefficlent (?l—é—g%)
M Mach number, free streem unless otherwlse stated
AV velocity increment

aV/V, velocity-increment coefficient
V/V, veloclty coefficient (& + %%)
0,

w ratio of specific heat at constant pressure to
c
specific hest at constant volume (;B)
c
v

X,y Cartesilan coordinates
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Z5L complex varlables

. 8ubscripts:
1 Incompressible or low speed
o] in undlsturbed stream
1 local

Other symbola are lntroduced and defined as needed.
Insofar as posslble, the notations of the rsferences are
retalned in the present repoxrt. For thls reason, more
than one quantlty may be deslignated by the same symbol
or one quantity may be deslgnated by more than one
symbol.

METI'ODS I'NR CALCTLATION OF VELOCITTES
OVER PROTIGERANCES

Althougn the alrplane wlth its canony, turrets,
bllsters, snd other protuberances .s a comollcated
three-dimensionrsal form about which even the notentlal
flow cannot now be comuted, arn estlmats of the pressurcs
on the protuberanzces can be obtalned. Yhes alrplane
presents the general apnearance of a wing, fuselage,
and tall witn ths protuberanczes superooscd. These
protuberances are usually of small length rzlative to
the length of the fuselage or to the chord of tks wing
and ere very often qulte thick 1n relstlon to their
length. Tha loads over thess protuberancestherefore
are assumed to be determined largely by the shepes of
the protuberances and to be modlfled by the lnterference
of the wing and fuselage. As an approximetion that 1s
usually valid unless the nrotuberance 1s located near
the nose or 1n the wake of the body, the total veloclty
V 1s assumed to e equal to the sum of the veloclty
over the protuverence wlthout interference and the
Induced veloclty increment AV due to the Interfering
bodlies or, 1n coeffliclient form,

Y _ (l’_) . (AV)
Vo  \V \i
° O/ protuberanca alone ®/interference

(1)
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Methods of determining the velocity lncrement dus to
interference are given in the appendix of reference 1.
In many cases, the interference 1s sufficlently small
that 1t mey be neglected.

It 1s convenlent and sufficieﬁtly accurate to apnly
the compressibility correction to the pressure coeffi-
clent estimated for 1ncompressible flow

2
Y AL
ri = l (v;) (2)

where Vy/V, 13 the value of equation (1) for incom-

pressible flow. The pressure coefflclient for com-
pressivle fiow 1s then obtalred from an approximation
glven by Frandtl in reference 2 as

Py
P = = (/)
V1 - ¥
where ¥ 1s the stream ¥asch number. An agproximation
that 1n speciflc irnstances has been found to describe

exrerimental results more accurately than Prandtl's
method ras been plven by von Kdrmen in reference 3 as

Py

AR .
2 (; +1/fﬁ?7§9

2quation (3) 1s suffiziently aczurate, however, for the
eatimations descrited herein.

P = (L)

The pressurs distributlons obtained up to this
point sprly 1n potential flow. Tre effects of departure
from potentlial flow, which include develorment of the
boundary lajer on the surface forwerd »f the protuter=
ance, seraration of the flow, which oczurs regularly on
the rear of blunt bodles, and latersstion of these
effects with compressinility rust row be estimated. Al-
though the boundary layer and ths roint and existence of
separation might be calculated, at lzast for low speeds,
by the methods of references L. anéd 5 (with modification
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of the momentum oequation for the three-dimensional flow),
no method- 1:s known -for -calculating the corresponding
pressures nor ls uany theory avallable for estlmating

the compressibllity interaction. From the meager
experimental data svailable, these effects can be at
least quallitatively estimated. (These data are
presented and dlscussed 1n the .section entltled
WApplications.") In brief, the procedure 1s as follows:

(1) Estimate the veloclty-¢oefficient distri-
bution for incompresslble notentlal flow over the pro-
tuberance shape '

(2) Es=timate the interference veloclty cosaf-
flclents for incomprissalble potentlsal flow

(%) Adc the coefficiesnts obtelned 1in steps (1)
and (2) a3 in equation (1)

() 3y uss of step (3), compute the pressure
coefficlents for Iincommressible flow (eguation (2))

(5) Apply tiie ~ompressibillity correction
(2) or (L))

(o) =stimate the effonts of departure from -
{potentlel flcw
[
Ir practlce, gs nwoears 1n ire exsamples, sorme modification
of thie procedure may be nacessary.

(equation

[

The roast of this section 1s concerned lsargely wlth
the determination of the vsloclty dilstribuiion with
potentlal flow over speclflc protuberance shapes wlthout
Interference.

teneral Consideretions

Protuberances often appear as bodles that are
approximately half of symmetrical forms cut by an Infinite
plans as indicated in flgure 1. Ths flow wlthout the
Interference 13 then theoretically approximate to the
corresponding half of tkat over the complete body. In
many cases the half-body approaches the two-dimensional
form (airfoil), for which the pressure distribution 1s
always calculable; then, as the pressure changes are
lsrger in the two-dimenslonal than 1n the thres-
dimenslonal case, 1t is conservative to conslder the

L
M
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flow two dlmenslonel. In other cuses the shapes may
gpproximate simple ithree-dimcnslonal forms, such a=s
spheres and prolate or oblato spherolds for which the
flow 1s known, and the corrs2sponding nressure dlstribu-
tlons may be assumed.

Tf the form of the body or half-body is such that
the flow cannot bYe directly caelzulated, 1t may bs approxl-
mated by various decvices. 1f the shapes of the front
andé raar edges of a proatuberance ure differont, lnasmuch
as the flow over one odge is often llttle affacted hy
that over the other, 1t may bes possible to corpute the
pressure distrioutions over front uand rosr sedges sepa-
rately and to Joln tha dlstributions at the canter.

In sore c&ses a s'mple pody, for vhich the flow
in three dlmenslons cair be calculated, may be modliied
by a two~-dimersionnl method to approximate a given
shsaps., Such a nmociflcatlion depends upron the assurmtion
that a samsll local change In the radius of a body of
revolut?on produces & lornal twe-dlmensiorial effect.
As tke radius r of the tody of revolution becomos
larger, thils ssswmntlon becomes more nearly correct.
For examnle, the pressures aver the 1lip ntf an open ensine
cnwling annroach the nrassures over an alrfoll wilth the
‘proflls shepe of the 1i1n end wlith tlie same el foective
engle of attaclk. In axannle of an obtlate anherold
modlfied to amroack the shape cof the axson turret on
the Brewster S524-1 airnlana is given in the scetlon
antltlsd "applicattons,®

Two-Dlmenslon&sl Sheaves

Arvltrary forms.- The twn-dimensional potential
flow paat syimetrlcel profiles that corresrond to glven
half-bodies can bHe obtalned by ths method of Theodorssn
and Garrick (refercnce 6). Tn msny cases, however,
lass laborilous msthods auffice. e graphical method
of Jones and Coken (reference 7) is well sulted to the
corputation of notentlal flow over bLumps.

Forms for which notential flow 1s knowvn.- Tn certaln
cases, the Torm of tfs orotuberanze aonroacnes that of
some two-dimenslonal proflle for which the pressure
distribution or conrresnonding velozity dlstribution is
alreedy known and can be applied wilithout much further
comrutsation. Three such =imple proflles ars the
Infinitely long clrculsr cyllnder, the ellinse, aad the
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double-circular-arc profila. For the clrcular cylinder
moving normal to 2tes axls,the veloclty dlistribution
with potential flow 1s glven by

V =2V, sin 6 (5) .

where 6 13 the polar angle measured from the stream
directlion and V, 18 the forward or stream velocity.

The veloclty distribution ahout the elllptic
cylinder moving narellel to i1ts mejor axls 1is gilven
by Zshm in reference 5 end may be expressed in the form

wl.ere

a semlimalor urls

b semiminor pxls

x éistaiico along malor axis lfrom centor

The forward nortion of a symmetrlzol airfoll shape
with zero 1lift can often be nroroximated by &n allipse

as in figurc 1(c). Tf X ie tha distauce from
max
the nore at which the maximum ordirate y.,, occurs,

the equivalent »llipss can usually be determined from

meE

pjo

X
Ymax

The velocltr cdlstribution aver the forward nortion of
the alrfoll mey then be talten thes sams as thut on the
ellipae. .

Another very useful shupe 13 the double~circuler-
arc symmetricel arfoll, of which ths utrer und lower
surface profiles are arcs nf th2 fam3 circle. The
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conformal trensformation into a clrcle 1s given by
Glausrt 1in referencs 9. The welocity distributlons,
obtained by notentlal theory, are glven for different
thicknesses by the =2511d lines in filgurs 2.

Thin bodies by slone method.- A simple anproximate
two-dImenslonal methiod THAT Was proved extremely useful
has been included in a publication by Goldstein (ref-
ersnce 10). This method, which gives the wvelocity
distribution as an integrel functlon of the slope of a
symmetrical profile, may be called the "slope method."

For the derivation of the slope method, the followlng
two simplifying assumptions are necessary:

(1) The profile 1s sufficiently thin that the
velocity 1s nowhere very different from stream v
velocity Vg

(2) The slope of the proflle 1s sverywhere small

These assumptions orsclude the exlstence of stagnation
points.

The symmetrical profile mey be assumed to bs
represented by a distribution of sources d3/dx along
the chord c¢. The velorlty incrsment A(AV) at -any
peint (x,,¥,) on the proflle (fig. 3) due to the

source element —Xdx at x 1is
dx

a(av) = E¥— ¢7)
21Tr

Because the proflle is thin, the velocity at (z,,7,)
cannot be very dlfferent from the veloclty et x,; thus,

dQ
a3
alav) = ——ExZX (8)
2 (x0 - X)
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The total induced veloclty therefore 1s
AV = dx
> (9)
o oI (xo - x)

For unlt length of the proflle, the cross sectlon
at x 1s 2y and, with V = V,, the volume flow 1s
approximately equal to 2V,y. The vonlume flow through
any cross sectlon, however, must be equal to the total
output of the sources upstrosm and, therefore,

q = 2V°y
or
g ay
== oy 10
d:- Vo dx (10)

With substitutlon cf tkhe value of d3/dx from eque-
tien (12) in equation (%), the cnefficlent of the induced
velocity beccmes

<>
i<

L

C q;
L ax
o -

0

The integrand iIn equation (11l) can be expresssed in
trigonometric form but, for the »resent purnoses, ths
algebralc z2xzpression 1s retalned. The veloclty
coefficlent 1s glven b7

\'i AV -
v. =1+ T (12)
o )

If the slone dy/dx 1is ¥nown as an algebraic
function of x, the welocity dlstribution can usually
be obtalned withiout much trouble as a functlon of b S
The Integrand in equation (11) apprcashes lniinlty
or bscomes indetermincte at x = x_, but the Integral
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is usuaglly finlte; thoe infinlte positive and negative
strips cancel. Tf the 1ntegral approaches inflnity at
a given polnt x,, a finite Integral that ylelds a
veloelty incremsnt whilch approximately agrees wlth the
actual flow cen usually be obtalned for a slightly
different value of x,.

The slope method 1s more useful than might be
supposed from the restrictions imposed in the der! va-
tion. Although the results asre not exect, they vrovide
a reasonably good emprorximation even for r2latlively
thick forms, espoclally over rezions of the profile
having small slo-e. Tre method I1s nnt applicable 1in
the vicinlty of a stagnatlon point or rhere the =
slone dy/4Ax iz large. This difficulty muy, however,
be circumvanted. Vany rrotubsranco shepes Involve no
very lergs velues of dv/dx asod regaire no staznation
point. If a stegnatlon point does ozcur, the velozity
distributinn over the rest of the proaflle at somo
dlstance from the noac nay be sprnrozximated orovided the
roundeqa noss or tall, whizh involves infinlte slope,

18 exterded In a cus)y cr otierwise 1s siightly altered
to prevint very lurga veluss of dy/dx.

A reasonebly eccurate velosity zorputatlon can ba
mede 1f the slont metind la &poiled not to the glven
rrofile but to the shans oodtalnid es the amovnts Ay
by whick the ordiratss of the given mrofils exc3uzd those
of a gimilar profile, suvch as elllnze or Joukowski elr-
foll, for which the velocity distribation 1= known. The
velocity incremonts are slmply surersnsed; thet e, the
regulired velcclity dlistributicn 1s the sum of the velocity
Alestr!bution on tre simllar proflle and tha increment AV
found for the differance shape. Three-dinsnsl onal
shapes ney be slizhtly modiiied in ths seme way,

‘1ven nrotuberanse proflle shketsas cean often be
approxinated by tiie jaxtesosltion of A serios of axcs
for which the slopes are giver a3 relatlvely slmole
alcabralec functinms - for exemple, cirecular, elliptilc,
ard »narebolle ar~s. The 1l:ducad~velocity noeffl-
clens AV/V° mar then bs ovtained from egquntion (11)
by direct integr:ution. This nrocedir: ylelds apnroxi-
matsly correct vsloclty distributions even though the
scurvaturs at tha Junctlons rmay be édlszontinuonus. The
slope should obviously be mude continuous; thet is, the
arcs should have the suare slons at the Juncturs.
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A protuberance nrofila may have the approximate shape
of a single simple &rc,-such as the circular arc, in which
case the valoclty distribution 1s easlly calculated.

Thus, 1n flgure Y,

g-z-'-tanEl
dx

x=1r gin 8

i dx

r cos 6 46

and squetion (11) becomes

e

1
AV 1° sIn @ aeé
Vo "l -8 sin 9 - sln €,
1
1 191 Sl
= asg
== dg + sin @ /' - 20
n‘,/_. 3\/ gin € - sln 8, (13a)

Integration ond substitution of the limlts glve

4 _ D
€1 N\
gin 8o tan —é-+ €os 8, - l\
AV 1 sin 64 tan-f}-cos 87 = 1
7 =728+ tan 85/log, & >(13b)
o sin 6, tan —%-cos 8y + 1

e
sin 64 tan —é];+ cs8 0, + 1

Lt -

for the velocity distribution as a functlon of 8,.
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From figure L,

6, = sin —
1 2r
— -1 X
60 = sln 1—"'
and
2 -
(2;) =2 - (r - h)°
h + —
r = L
2h
from which
o}
I
8, = sin™* — (1l)
1 + L(f)
o h
_ gl _Ccoc
8, = =in (15)

Substitution of aquations (1lL) and (15) in eguatlon (13b)
gives the induced-veloclity cnefficlent AV/V, as a
function of the chord position =x,/c and of the thick-
ness ratio 2%3 vhere xO/c is meesured frcm the center

as shown. The veloclty Incremente foar circuler-arc
profiles ranging iIn thalckness ratio from 0.1 to G.5 are
shewn ir figure 2, in whilzn tkhe results of the slore
method are comrgpared with the results of the esccurate
conformal-transforration method. In figure 2, x/¢c 1is
measured from tne end of the proflle rather than fror the
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center. Up to a thicknsss ratio of 0.2, the slope

-method glves a falr:apporoximation of the veloclty dis-

tributions over clrcular arcs. As was to be expected,
the error 18 greater 1n regions of greater slope. The
velocltles at the center of the profile, where the
slope 18 zero, are approximately correct even for the
50-percent=thick proflle.

Three-Dilmensional Shapes

Methods avalletle for the calculation of flows 1n
three dirmensions are less general than tre corresponding
two-dlmenslonal methods because, except in the speclal
case of the ellipsold with three unequal sxes, they
apply only to borlles posresslng axial symmetry, that 1s,
to bodles of revolution. ileny protuberances are
approxiriately ax!ally srmmetrical, however, and the
thiree-direnslor.al theory;y mayv prove useful In estimoting
veloclty end cerresponding pressure distrlibutions in
thicse cases,

The sphere.~ The s!*mplest body of revolutlon is the
sphere, Tor which the veloclty distributlon is glven by

%- = 1,5 sin O (16)
o]

where the anrle O 1s measured along any moeridian
starting from the stream or flight cdlrection.

The oblate rpheroid.- A body of revolutlon rosembling
a gpun turret 1s tiie oblete apherold obtained by revolving
the ellipse atout its mlinor axls. Motien in the é&lrec-
tlon of a mator axls of the ellinse as shown in figure 5
corresponds to that of the gun turret. The potentlal
18 gilven by lLemb (refererce 11) in terms of the elliptilc-
cylindrical coordinates {, p and W, At the surface
of the oblate spheroid, ‘'l = !o and L, 1z given by

= g~ (17)

where a and b gare the sermimajor and semiminor axes,
respectively, of the corresnonding ellipse. From ths
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potential, the veloclty distributions at the surface
relative to the body may be derived.

Around the rim in the YZ-plane (line 1, fig. 5)

v _
(vS)rim = 1, sin (18)

where

2

(19
§°2 +2 - L4 (!oz + 1)cot"1 o )

L =

and ® 1s the angle w’th the plane contalning the direc-
tion of flow and the polar axls as shown in figure £ and
1s releted to the diastance alonr the Y-axls measured
from the center by

y/a = cos w

The velocity over the top in the XY-plane (line 2,
fig. 5) 1is

(v . /.goz .1 1/2 oo
1v5)ﬂ=o p\sog + pz
where
_ ¥ ¥
B=y\l- (a)

The velocity ecross the meridlen lying in the
XZ-plane (line 3) 1s

v
(va-)w_ﬂ/z L (21)

which, for a glven thicliness ratilo b/h, 1s constant;
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that "18, the Vvelocity at the:surface across.the meridlan
perpendicular to the motion of an oblate spherold moving -
normal to 1ts polar axls is constant. Although velocity
diastributlions along other lines on the surface may be
obtained, those glven by equations (18), (20), and (21)
are of greatest interest and are most slmply derilved.

The. prolate spherold.- A related body, for which
the veloclty dlistrlbutlion 1s more esasily obtalned than
for the oblate spheroid, 1ls the prolate spheroid moving
parallel to 1ts polar axlis. The veloclty distribution
at the surface along any meridlian as gilven by Zahm
(reference 8) may be expressed as

b 4 2
v 1-1\3
— = (1 + k) (22)
. @)
1l =~ +{ - -
(a a a
where
1 1 +oe 2
oge T = 26
ka = . 1 o
1+ e 20

o~ lee 1e6°

? where the eccentrilclty

and a and b are the semimajor and semiminor axes of
: the corresponding ellipse. The equivalent prolate spherold
> can be employed to approximate the forward portlion of
a body of revolution 1in exactly the samp way in which
the ellipse was used to approximate the forward portion
of a symmetrical alrfoil. (See fig. l.) The veloclty
distribution over the forward portion of the body of
revolution may then be conaldered the sams as that over ’
the corresponding portion of the equivalent prolate spheroid.
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Body of revolution represented by axzlal source
distrlbu%Ion.- The veloclty distribution ebout & body of
revolution wlth flow para’lel to the axis can be obtalned
by the method of von Kdrmén (reference 12), rrovidecl. the
body can be represented by a distribution of sources and
sinks slong tke axis. This method 1s useful for a very
regvlar body for which the shape of thke meridian proflle
2an be given by only a Tew ordinates. If the meridlisasn
profile 1s 1rregular, the method ia tedlous and perhsaps
Impossible. It is described in deteall 1In reference 12.

Body of revolution reoresented by doublet distri-~
bution Rlong &¥13 Lorwal to -low.- The clrcul&r cylinder
prdjec&‘nﬁ—?rom a plane surface A-A (fig. 6) 1is considered
a half-body of wnich the other half 1s shown by dashred
lines. Lt the pilmsne of ayometry A-A, the velocity
must lle parallel to the plane and tangentilal to the
surfaca2 cf the cyllnder. At otner planes, cross
velocitles ozcur ard reducs the pceks; the maximum
velocity changes norsgeijuently occur at the plans A-A,
excert rosslibly over the shqrp corners at tne ends for
which the ve;ocitJ distributions cannot be computed.

By & ma2thod describsd by von Kdrxdn (reference 12), the
part of the nolar sxls ncecupled by the crlinder is
coverad with a drublet of worent per unit length equal
to that obta'ned 1f thes ~2ylinder were infinlte in length.
The e€nds of the cylindar zcorresponflrsg to ta's mathe-.
matical device are rounded rether then plene as shown;
the 1nfluenze of tre rourded ends on the veloclty dis-
tribution at the planz A-A muist bz sxrall, however, end
the ends of actual gun turrets ar: mors llkely to be
rounded than plens. Thie prcssurc distributicns in
planes parallel to the plane A-A generally are similar,
but the peaks are lowsr &gs the end of the sylirder 13
approached except thet, In the razslon of small radius
of curvaturs near a blunt end, high pesks may oscecur.

The velocity at the surfsce of the cyllnder in the
plane A-A 1s

A

-
1'

— = () + cos 8) sin & (23)
‘o

where @ is the pnlisr angle measured from the plane
contalning the flow direction end the polar axis, 6 1is
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~ the engle shown in figure 6 for which

1 S T

r 1s the radius of the cylinder, and ! 1Is.the .length .
of ‘1ts projection from the surface. An example for =~
wh'ch = 13 not constant 1s treated later. The method
18 G25cribed in reference 12. '

2ody of revolution bg ‘method of Kaplan.- A method
has recently beeinl developéd by Raplan ireference 13) by
which the notentlal flow about any body of revolution
moving in the directlon of.its polar axls may be calcu-
latzd to any desired degree of approximation. By this.
mell21, the flow is obtained with .orthogonal curvilinear
coordinates for which the surface ¢f ‘the body itself 1s
a ccnstant. The coordinate system, which 1s different
for each btody, 1is obtained by means of the conformal
trarnsformation

cos 9.=

. A& 8, - '
. ) . Z za Z/ . » .

which transforms the circles  r1j = Constant and the

radisl lines ¢& = Constant 1n the plane 2Z = Rene

into the corresvonding orthogonal coordinate lines in
the z-plane, where 7 = 0 1s the merldlan profile of
the body of revolution. The potentlal is given as a
series of terms involving the Legendre functions P,

and 19, and the constants =&, apvearing in the serles
in equation (2l). ' A O : ;

The derivation cf the necessary functions has been
extended 1n refergnce 13 only far enough to take account
of the term az in equation (2L). If additional

terms are necessary to degcribe the meridlan proflle to

a sufficient degree of approximation, the corresponding
functions must be derived. The method of derivation

is described in detall in refecrence 13. Fewer terms ol
equation (2l4) are required as the profile is more regular
and more nearly ap»roximates the ellipse. For irregular
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bodles, additional terms are requlred and the labor
necessary to calcutate the flow 1s graatly lncreased.
The practical utility of the method 1s therefore much
greater for regular bodies - such as alrship shapes,
fuselages, or nacelles - than for irregular shapes.
For such regular bodles, the labor required 1s not
excessive.

Approximate thin body.- A thin-body method applil-
cable” to bodles of revolution €nd corresponding to the
slope method 1n two dlmensions has been suggested by
Munk (reference 1L, -p. 269). An attempt to use thils
method 1ndicated that, with usual fineness ratlos
(Less than 10), the accuracy was insufficlent for
estimating induced velocitles over protuberances.

Approximate body of ravolutlon for use wlth method
of Kapgan.- IT the transformation (2L) Is known (1t can
always be obtalned by the method given in reference 6)
and if the - given meridlan vrofile can be sufficlently
well approximated by :the filrst three or four terms of
this transformatior, the flow about a body of revolution
moving iIn the directlon of -the polar axls may be cal-
culated by ¥aplan's method wlith no more, l1abor than is
required -by ‘the thin-profile method.: The potentilal.
flow thu# calculeted is the potentlal flow about the body
that corresponds .to the terms-retalned in equation (24).
If the given body of reévolution does not depart too
greatly from an slllpse, the required transformatlon
may be approximated by a method of superpositlion.

The series of equation (2l) -can be written in the
form ' :

2 - €, Ra €. R%a e, Poa '
=Z.|.i_+c1-.1—-"'—-2;ﬁ-lj aas (25)
Z Z 22 23'
where
2= Re'1§
= E£4 1 .

R=(1+ €)a



NACA ACR No. ThE1l0 G 19

~ -and ‘& -ls-a-constant.dsepending on_the 'slze of the body.
on the profile (m = 0), equation (25) becomes - -

X, +1y, = (1 + ¢)a(cosg -1 sing )+__lic' ('éos§+ 1 8in g) :

+ ¢, - e;a(cos £+ 1 .sin &) |

- tza(cos 2& + 1 8in .28)
h - e3a('cos 3¢ + 1 sin 3g) (26)
’ The first two terms of egquation (26) give the

ellivse

)

\
.
- = 4+ € + =
" (1 1+€)cos§

1
-[1 + € = sin
( 1+e) éJ

and the remaining terms glve

> (27

£ Id

’ Ax _ 5
s — C1 — €] €08 & - ¢, coO8 §-¢3c083§...
(28)
Ay .
o =_c1 sin g - ‘2 sin 2¢& - 55 s;n 38 ¢

The coefflclents € € and €z may be so determined

as to yield a slight mocdification of the ellipse.
approximating a given meridlian profile. For a small
modification of the ordinates, the abscissa x/a 1is
only slightly changed and, as an approximation, the
required modification Ay/a may therefore be determined
at the values of x/a for tbe elllpse. The ellipse to
be used as a basis for the approximatlion should be so

_ RS
I
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chosen that the requlred modification 1s ds small as
posslble. The value of € corresponding to a given
thickness ratio B/A, where E 1s the minor axis and A
the major exis, 13 obtalned from equation (27). Thus,

and solution for € gives

1+t
e_— A -1 (29)

An examnle willl clarify the method.

In figure T{(2) 1s shown A meridien profile to be
epproxinnated. The ellipse with € = 0.20, also sacvn
In figure 7, 's determined to be & satisfactory basic
nrofile for the ap»roximation. The required modification
of the ellluse 1s shown in figure T7(e). For convenience
in thls modiflcation, the values of -0.1 sin &,
-0,1 sin 2&, and -C.1 sin 3¢ are plotted sgainst x/sa
as computed from equetion (27). It is seen from fig-
ures T(b) to 7({d) witk eguation (23) that € changes
.the thlckness of the proflle whille the symme%ry 1s re-
talned, ¢ produces an asymetry forward end rearward,
and €5 i%creases the ordinate st the ends wnlle the

center 1s denressecd. Inasmuch as the maln asdjustment
required 1s the introduction of asymmetry (fig. 7(e)),
) rust be glven some vaelue. It is seen that a value

of €5 = 0.1 accounts for & large part of the modifica-

tion required. Further adjJustment requlires the eleva-
tion of both ends whlle the center remsins unaffected.
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If one-half the elevation 1s accomplished with el and
" one=half with es,”'the'dééired modification is achileved.

Because the mequired elevation Ay/a 1s -0.05, the
values of these coefficlents are

€, = 0.025

€5 = 0.025

The resulting coordinates from equations (27) and (28),
shown as the first approximation in flgure 7(a), are
therefore

x
a

(i.2 + Ilz - 0.02%) cos & ~ 0.1 ens 2& - 0.025 cos 3¢

I -(1.2 - lL + 0.025) sin & - 0.1 sin 2Z - 0.025 sin 3¢
.2

The fallure ol the flrs:t approximatlon near the nose
of the glvan profile 1s due largely to the reduction
in x/a produced by ¢€,. It is further evident that

the forward part of the profile is more nearly aporoxl-
mated 1f the value of €, 1s reduced from 0.10 to 0.07

and if the effect of ¢, 1in reducing the value of x/a
at the nose 1s neutrallzed by giving ¢y the value 0.07a.

The resulting profile, which 1s a satlsfactory approxi-
matlon to the glven proflile, 1s shown as the second
approximation in figure T7(a). A still better approxi-
mation 1s obtailned 1f the value of ¢4 18 lncreased

to 0.10a. The whole forward part of the given profille
1s then very closely approxlimated, and substitutlon of
the values

€ = 0.20 €5 = 0.07

€ = €.

1 3 = 0.025 c; = 0.10a
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in equation (25) glves the required transformation

0.97a2 0.1008a3  0.0L32al
z2 z5

z =72 + D.10a +

from which the flow may be calculated without great
difficulty by the method of refersnce 13%.

Although the spproximate method ylelds the potentlsal
flow about a skan~ somswhat dilfferent from the given pro-
file, 1t 1s considered qults satisfactory for use 1n
estimatinz loads. The epproxlimate shape 1s 1llkely to
show slight bumos vhers none ccecur on the glven oroflls,
but tho resulting rressure dlstribution 1s conservetive
in thet 1t shows learger nrsssure verlatlons than would
be ovtalned for a miore regular proflle. 0a esccount of
manufacturing irregularities, tinls conservatism may be
deglirable. nver the resr of & body, moreover, the
actual flow always denarts .aore or less from the voten-
tlel flow, and 1l'ttle loss 1ln sccuracy mey therefore be
expected from any smail fellure of the approximetion in
that reglon. Tha rethod here amployed should not he
asgured the ssme s a simplos harmonlc analysis,

Corrss»nordln, bndies in tws- and three-4'mensional
flows.- .I trne vaicclty alstritutfon adout a2 two-
dimensional skans is snown, & rough sstimstion of the
veloclty dlstribation about the body of revolutlion of
which 1t 13 the meridian oroflle mey be ottained frcm
the ratlo of veloziltles In threg-dimenslonal flow tc
those In twn-dimenslonal flow ebout correspo-ndinzg bodlss.
The veloclty distr!butions about the corresnonding todies -
eiliptlcel cyilinders and prniste sovhersicds with motlion
narallel to the major sizes ~ have heen calculated LY
equations (6) cnd (22), resnpectively, ard have besn
plotted for comparison in filgure &ie). Similarly; in
flgure LIb), the velozity distriouilons cbtaired for
enproximetely cilrcular-arc bodies of rovalution Hr the
method of Yaplen &re coumeared with the velozlty dilas-
tributions about the corresvonélng twsr-dlmensicnal
shapes. In fisure &, = 1s the distance from the
nogse of the body and 1 1s 1ts length.

Division of eguetion (22) by eguetion [6) gives for
the ollilpse and prolate spheroild
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where 3D 1ndicates three~dimensional flow and 2D two-
dimensional flow .about corresponding bodles. Inasmuch
as kg 1s a function of the thickness ratio b/a of the
corresponding ellipse, equation (30) shows that the
veloclty distributlon about a prolate spherold 1s a
constant times the veloclty distribution about the
ellipse which 18 1ts merlidian profile. The constant
Y3p
Vap
function of the thickness ratio d/1. This relation
suggests the possibillity of using the corresponding two-
dimensional shape to design a body of revolutlon .
simllar to the prolate svherold wlth a given velocity
distribution.

given by equation (30) is plotted in flgure 9 as a

V3D
The veloclty ratlo 7 1s not generally constant
2D
along the length, however, as may be seen from fig-
ure o6(b). In particular, the veloclty over the tail
of a three~dimenslional body deperts less from stream
veloclity than the velozclty over the tall of the corre-~

- 3D

sponding airfoll; the ratlo = therefore lncreases
2D

and exceeds unlity as the tralling edge 1s approached.

It 1s nsvertheless reasonable to suppose that figure 9

could be used to estimate the velocitles on bodles of

revolution over the parts of the meridlan profile that

are roughly ellintical 1n shave. The following methods

are suggested as alternatlves:

. (1) -Fit an equivalent ellipse to the proflle as
in figure 1. With the thlclkmness ratlo of thls ellipse,

| V5D
find the corresvonding veloclty ratio v from fig-
2D :

ure 9.
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(2) Assume that the corresponding ellinse 1s the
one which has the sime pesk veloclty as occurs on the
profile. From ejuation (6), the corresponding thick-
ness ratio d4/1 or b/a then is

t=g= -1 (31)

' v
which with figure 9 gives the velozity ratlo 122.
.t .. . 2D

As e test of the method, the veloclity ratios

\ :
622' whick were constant slong the length for the
2D

ellipticel profiles but generally varlable, were com-
puted for several palrs of correspnndinz sheanes. The
verietion along the length 1 1s given 1n figure 10,

V=
in which the wvalues of 722 for the equivualent ellipses

2D
obtained »y method- (1) are shown for comoarison.
¥Method {2) would glve qulte similar velues. Tor bodiles
of revolution with meridlien profiles roughly similar to
- '\1 -
those for whizh the values of 22 ere lnown; these
- 2D -

values mey bas ueed to obtaln velocity estimates more
nearly correct than can be obtelnsd by use of.the
elliptical profliles alone. R-lations similar to squa- '
tion (30) cen also be obtaeilned for the oblate spheroid,
but thelir apvlication 18 less generual than for the

elongatad bodles.

The elllinsold w!th three unequal axes.- A pro-
tuberaiice shape not prossessing axlal symetry - a
flattensd blister, for Instance - may be approximsbed by
an elllvsecld wilth three unequsl axes. The nscessary
elliptizal coordinates ard the potantlial are g!lven and
explained in reference 1. on peges 29%-302. The mathke-
maticel zomplexity is such that, 1n many ceses, a less
accurate approximaeticn by means of the simpler body of
revolution 1s nrefasrred.
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. Estimation by Comparison

Comparison of the shape for which pressures are
requlred with a somewhat similar shape for which the
pressure dlstribution has been experimentally deter-
mined should prove very satlsfactory 1f sufflclently
extensive systematic experimentation had been com-
pleted; for the most part, however, only scattered
data are avallable.

.The only existing systematlc 1lnvestigation of pres-
sure dlstributions over protuberances at high speeds 1s
that for windshlelds and cockplt canoples glven 1ln ref-
erence 1, If a glven shape approximates one of the
shapes tested, the corresponding pressure distribution
may be assumed. If a shape lles between two of those
tested, 1ts pressure distribution may also he assumed
to 1le between the two measured, providsd no critical
change 1n flow occurs - for example, separation or com-
pressibility burble. If the canopy has no tall of 1ts
oombut 1s falred directly into the fuselage (as in the
case of the P-LO airplene), the pressure distribution over
the forward part may be assumed 1ndependent of that over
the tall and may be falred into that for the fuselage.
In comparing canoples, the angle vetween the nose section
and the hood 1s assumed an important varlable because,
for the small radil of curvature often found at the Jjunc-
ture between these two sectlionsa, the theoretlcal pres-
sures, which are large negatively, are not attalned; 1t
therefore seems reasonable to suppose that the peak
negative pressure coefficlents are determined largely
by the angle through which the stream must turn. These
assumptions have not been thoroughly and systematlcally
tested but, when applied to the estimatlon of the pres-
sure distribution about the cockpit canopy of the P-4LOD
alrplane, gave results 1ln substantlal agreement with
measurements subsequently obtailned in the NACA S-foot
high-speed tunnel (unpublished).

The results of experiment may also be used to estil-
mate the dlifference in »pressure distributlons between
nearly similar bodles when the theoretical pressure dlstri-
bution can be calculated for one of the bodies. . Few data
sultable for thls purpose are avallable, however.
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Experimental data used for comparlson may include
Interference and compressibillity effects; 1n this case,
the dlfference in these effects must be estimated and a
sulteble adjJustment applled.

APPLIC ATIONS

In thils sectlion of the present report, certain of
the methods descrlbed in the preceding sectlon are applled
t.o the estimation of pressures over various protuberances,
for some of which experimental pressure distributlions are
avallable for comparison. These and other experimental
data are analyzed to determine how the methods should be
applied and what modifications and adjustments are re-
qQulred to bring the estimated pressures into agreement
with the experimentsl values.

Examples

Martin turret.- Zorplete low-sreed pressure-
distributlon datae for the artin turret on a model of
the North American B-25 fuselage are given in refer-
ence 1l5. The locatlion of thls turret on the fuselage
1s shown in figure 11l(a). The pressure distributions
are compared in flgure 12 with the calculated values
for the sphere and for the oblate spherold with thick-
ness retio b/a = 0.67.

The theoretlical estimatlion of the veloclty dis-
tribution about this tuvrret 1s particularly simple.
The shape 1s that of a body of revolution almost ellip-
tical in cross sectlon and mey therefore be represented
by an oblate spheroid moving normal to its polar axis.
The formulas for the velocity distribution over the top
of the body in the dlrection of motion, across the top
of the body in a plane pervendicular to the direction
of motlon, and around the rim of such a body sre gilven
in the section entitled "Methods." The Interference
from the fuselage should be small and, except for dound-
ary layer and separation effects, the agreement between
estimated and measured values should therefore be good.
Flgure 12 shows that the estimated negative pressure
pesak, In particular, is almost exactly the same as the
value obtained from the measured pressures. Over the
top of the turret in a »nlane pernendicular to the dirsc-
tion of motlion, the theory 1ndlcates a constant pressure
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and the measured values show almost constant pressure.

- -Fallure to reach stagnation pressure in front of the
turret is due to the boundary layer developed over the
fuselage; behind the turret, where the pressure coeffi-
cient approaches zero, stesgnation pressure 1s not
attalned owlng to separation. ' :

Inasmuch as the pressures were measured at low speeds,
no allowance has been made for compressibility effects.
A rough estimation could be obtained by multiplylng all
pressure coefficients P by the factor

—1
.‘/1 - az
Turret A.- The two locations of turret A on the
fuselage are shown 1 figure 11(b). Its shape and
dimensions are given In flgure 13. Pressure measure-

ments on this turret are given in reference 16 and are
nlotted for comparison with estimeted values in fig-

ure 1. Turret A 1s a spherical segment 1n form and
1s large compared with the fuselage, having only slightly
smaller radlus than the fuselage radlus. About a

third cof the radius 1s projected above the fuselage.

The turret 1s located bsck on the fuselage where the
interference cannot be large. Tu conglderation of this
geometrical confilguration, 1t 1s ectimated that the
pressure pcealks cannot be grcater in absolute value than
would occur on the sphere and that, becsause of the
interference of the fuselage and the development of the
boundary layer along 1its surfecs, the peaks are probably
lower. The change with Mach number up to M = C.70 1s
assumed insufficlent to cause the pressure coefficlents
to exceed in absolute value those calculated for the
sphere by the potentiel theory. The theoretical pres-
sure distribution for the srhere, as obtained from '
equation (16) with equation (2), is shown as the solid
line in figure 1l.

A veloclity dlistribution of approximately the correct
shape but with peeks higher than actually occur 1s obtalned
by aepplyling the two-dimensional theory to the circular
arcs over the top and side of the turret. The distri-
bution of induced velocitlies, from which the pressure
distribution is calculated by equations (2) and (12),
can be obtalned by interpolation for the proper thick-
ness in Tigure 2. In thls case, the veloclty incre-
ments corresponding to the more accurate method of
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conformel transformation from a circle are used. The
ressure distributions obtained by thlis method for the
b-percent-thick circular arc on the top and for the
approximately 27-percent-thick circular arc on the side
are shown iun figure 1l.

The pressure on the rear of the body deperts from
the estimated values but, without the experimental data
shown, the limits could hardly be flxed more closely
than -0.45 for the circular cylinder (from unpuolished
data nbtalned in the NACA 3-foot high-speed tunnel) and
0.16 for the sphere (reference 17); however, a value close -
to zero would ssem likely. '

Turret B.- Turret B is cdescribed in reference 16.
Its locatlon con the fuselaze 1s skown in figure 11l(c)
ar.d the shape and cdimenslons are glven in figure 1°%.
A pressure distribution over the central profile (linel,
fig. 15), with peaks larger than are expected in »nrac-
tice, may be commuted by the two-dimenslonal slone
method. The integral Indlcsted in equatlon (11) 1is
made up of three perts, designated integrals I, IT,
and ITI, that corresnond to the thres divislons of the
nrofile shown in figure 16. The integrsl I extsnding
frem x =9 to =¥ = 2.68 inches is obtalned from equa-
tion (13) with the upner limit equsl to 0 and the lower
limit equal to Bl. Integratlion and substitution of

limits glve
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For the part of the profile lylng between x = 2.30 inches and x = L.79 inches,
the appropriate integral IT 1s obtalned with the upper and lower limits In
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The integral III from x = k.79 inches to

'x = 8.16 inches 8s obtaired from egquation (11) with upper

and  lower limits of 8.16 and L4.79, respectively, and with
dy/dx = -0.33L49 1is

TIT = :9;%5&2
Then, for x < 6.L8 inckes,

AV
o =TI+ 11 + IIT
VO

end, for x > 6.L6 inches,

= = I(a) + ITI + IIT

Calculated values have been converted to pressure coef-
flcilents, and the resulting distributlon has been
plotted as the solld line 1n figure 1lo. The coeffil-~
clents then obtalned are consldered limiting values

end are assumed sufflclently hizh 1In absolute value to
allow for commressibllity effects un to a *ach number
of 0.70 and remaln conservative.

From the calculated two-dimensiosnal veloclty dis~
tributlion, the velocitles about the corresmvonding body
of revolution were estimated by the ratio of velocltles
In three~dimensional flow to those 1n two~dimensional
flow as glven for ellipses and prolate smheroids in
figure 9. The corresponding pressure coefficlents
are shown as the dashed curve in figure 16. The shape
of this turret 1s between the two-dimensional shape and
the body of revolutlon and, consequently, the measured
pressures lle between the estimated values for the pro-
fille and the values estimated for the body of revolution.

Cockplt canopny and gun turret on Brewster SB2A-1 alr-

lane.- The shapes and lozatlions oI the Cockplt canopy
gun turrets on the fuselage of the Brewster SB2A-1

alrplane are shown in figure 17. Two alternative gun

turrets have been suggested for this alrplane. The top
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shape of the Maxson turret apnroziwates an oblate
spherold moving normal to the polar axis. The other
turret 1s spherical 1n shape. The theoretical velocity
dlstributions-are computed first for the turret shapes
elone witihout interference. The mericdian profile of
the Maxson turret 1s shown with pertinent dimensions in
figure 18, Inasmuch &8s the shape is symmetrical, the
pressure distributlion 1s symretrical from front +o bacic
and only one-half the half proflle need be considered.
The axes of figure 1€ urs arranged to correspond with
those of figure 5. The turret nrofile 1s seen to be
only sligntly different from the ellipse with thickness
ratio b/a = 0.6%7. Tre difference is shown as the
short-dash line plotted aiong the y-axis. This dif-
ference can bte approximeted by a circular arc; and the
turrat profile shape thus can be more nearly aporoximated
by adding to the ellipse in the reglon indicated the
half thickness of the double clrcular arc of thickmess
ratlo t = 0.1lLk. The corresponding velocity ratio VA,

is obtelined by directly superposing the increments AV?V s
g8 found for the clrcular arc by interpolation in fig-

ure 2, on the values <?£> over the elliptical pro-
w=0

file of the oblate spherold. with b/a = C.67, equa-
tion (17) gives = 0.91 end the velocity ratio over
the ellipticel secgion in the xy-plane 1s given by
equation (20) for values of u. The computation form
1s indicated in the followlng table:

V/V, for| AV/V, for v \2
K y/a | oblate |1L- percent ViV |P =1 - <§;)
spherold!clrcular arc o
o +1.00 0 0 o) 1.20
.20| *.98 Lo 0 40 . 3l
'%8 t.ga .75 .0 .82 .3
. .80 1.0 .1 1.17 -.37
70| .71 1.1 .18 1.32 -7
.80 t.601 1.2, . 2 1.39 -.9%
.90 . 1.22 .0 1.30 -.9D
.95} .31 1.35 0 1.35 -.82
1.00} O 1.39 0 1.39 -.93%
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. ... The velooity increments AV/V, obtalned by the two-
dimensional method are likely t6 be Bomewhat large,. and....
some small adjustment 1n the corresponding rressure coef-
ficients mst therefore be made. The pressure coeffi-
cients with these and other adjJustments to be discusased
later are plotted along the turret (line 1, filg. 19).

Around the circular rim of the turret, velocitles
somewhat higher than those about the rim of the oblate
spheroid may be expected because of the departure of the
turret from the true spheroidal shape and because of
interference from ths cylindrical sides of the turret
extending down onto the fuselage. For use 1In the esti-
mation, the velocity around the rim of the oblate
spheroid is computed. With {, = 0.91, the velocity

distribution (V/v,) , = 1s obtained from equation (10)

as a function of « and 1s shovn in the following
table:

2
W v
y/a = cosw| V/NV P=1- -;)
(deg) ° Vo
0 1.00 0 1.00
10 .98 2 9l
20 .9 L7 .78
0 .87 . 69 .52
0 .27 .£9 .21
Zg .6l 1.06 -.12
.50 1.20 -.Lly
0 .3l 1.30 -.69
0 .17 1.27 -.88
99 0 1.39 -.93

Again because of symmetry, this pressure distribution
holds for negative values of y/a, that is, for w
betwaen 97° and 180°.

For the spherical turret, shown in profile in
figure 29, the theoretical veloclty distribution over the
meridien lying in the plane with the forward velocity was
calculated from equation (16), and the pressure coeffi-
clents were obtained »y equation (2). The values of y/a
are obtained from y/a = cos 8, where again y is taken
in the dirsction of motion.
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For the cockplt canopy, the pressures over the nose
and the general pressure distribution forward-of sta-
tion 121 (figs. 17, 19,. and 20) were estimated from the
data for the 0-li-5 windshield given in figure 22 of ref-
erence 1. The angle between thie nose plece and the
hood was [j9° for the SE2A-1 windshield as compared with

© for the 8-L-5 windshield; otherwise, the two wind-
ghields appeared similar. The data for a Mach number
of gbout 0.70 were used, but the nsgative pressure pesak
was elevated slightly to allow for conservatlsm in regard
to the snmmewhat sharper nose angle of the SBE2A-1 wind-
shisld. The use nf this pressurs distribution lnvolves
the assurmption that the difference betweon wing and fuse-
lage interfersance in the two rcases (alrplane and model
tested) 1s negligible. This assumption 1s reasonable
because the wing and fuselege cennot differ greatly 1in
the two cases and because the interference velocities
are relatively small.

The bumn 1n the pressure-distribution curve about
station j9 1s intended to represent the slight discon-
tinuity at the rear of the sliding hatch cover. The
dimensional data avallable do not permit the exact
determination of the shane of the offset and, even 1if
the shape were known, the calculated pressure distribution
would be of questioneable accuracy. The magnltude of the
bump above the general pressure distribution was talren
Instead from the rezults of tests of a cockoit canopy
similar to that of the SB2A-1 airplane.

The theoretical pressure distributlions for the
turret shepes are modified by interference, for which
certain assumptions must be madse. The turret is too
close to the canopy and too large 1n relation to it for
a reedy estimate to be made of the effect of the canopy
on the turret pressures; because the canopy 1s situated
entirely ahead of the turret, however, the assumption can
safely be made that the only effect of the canopy 1s to
lower the veloclties over the turrst. The shape of the
fusslagy In the raglon of the turret is such that the
Induced velocities must Le small and in addition it may
bs essumcd that, hecause the wing 1s ahzad of and not very
close to the turret, the lnduced velocltles due to the
wing tend to be canceled by the induced veloclties from
the cannpy. That these assumptlons are reasonable 1s
indicated by figure 22 of reference 1, in which the pres-
sure coefficients behind the windshield with the tail
and in the presence of wing and fuselesge approach zero.
If the cenopy of the SB2A-1 airplane were falred out
with a simllar tall in the rear, mnreover, the turret
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would appear very similar to the half-sphere or half-
spherocid on thé teil.” The filow-over the .part.of the.
gun turret not thereby covered should be affected only
slightly by extendling the canopy stralght back to the
turret. The pressures over the top (lline 1, figs. 19
and 20) have accordingly been taken as those over the
modlfled spherold and sphere, respectively, for which
the theoretlcel dlstributions are given In the first part
of thls sectlon.

Over the sectlion 1ndlicated by line 3 in fig-
ures 17, 19, and 20, elther turret contour 1s charac-
terized by a clrcular-arc proflle of avbout 50-percent
thickness ratlo superposed on the surface of the fusse-
lage. Flgure 2 glves the veloclity distribution, which
may be used with equation (2) to caleculate the pres-
sure distribution.

Over the rim (line 2, filgs. 17, 19, and 20), the
veloclties must lle somewhere between those over the
slde (1line 3) and those over the top (line 1). They
are therefore taken to llie between the theoretlcal
veloclities over the rim of the oblate srheroid and
those estimated for line 3, and the peak i1s assumed to
be about the same as the theoretlcal peask for the
sphere. The resulting curve 1s qulte similar to that
for the sphere and 1s taken to be the same for both
turrets.

The pressures at line ! must be determined largely
by guess, because the contour 1tself 1s only slightly
disturbed by the pressnce of the gun turret. The dis-
turbance at line 3 nmust 1nfluence the veloecltles, however,
and 1t therefore seemed reasonable to assume lnduced
velocltlies one-half those at 1llne 3, The corresponding
pressure coefflclents have been so calculated.

Behlnd the turret, because of separation, complste
pressure recovery as 1ndlcated by the theoretlical dls-
tributions 1s not attalned. The pressure recovery
_ shown In figures 19 and 20 1s based on the tests of
"~ reference 15. Ths pressures on the rear of the circu-
: lar cylinder and on the rear of the sphere are shown

for comparison in flgures 19 and 20 and are consldered
1limiting values for low and moderate Mach numbers.

¥o adjustment of the pressure peaks has been made

for the effect of compressibllity because, for such
blunt bodles, at least up to a Mach number of 0.70, the
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conservatism of the methods used 1s agsumed sufficlent

to cover the changes. Compressibllity may, however,
cause the separation point to move forward and thus lower
the negatlive peaks and dscrease the pressure oehind the
turrets. The negatlive pressure paaks therefore may be
broadened backward, and some account of tials effect has
been taken 1n broadening the peaks in flzures 1¢ and 20,
In no case, howgver, at least up to a *ach nunber of 0.70,
can the oressure on the reer of thes turret decrease below
the rnegative pressure neak that would bs obtained in
potential flow at the same Mach number. The negative
pressure veak in flgures 19 and 20 is thus Indicated as
the 1limit of the nressure on the rear of the turrets.

The development of the boundary layer over the
canopy ahead of the turret and sevnaration in the rear
tend to nrevent elther positive or negative peaks in the
pressure dlstribution from being as great as nredicted;
in this resvect, the estimation 1s therefore conservative.

Average valuss of pressures obtained over the
turret nf thes Brewster XSB2A-1 alrpiane In flight at
speeds below 225 miles per hour (unoublished) are nre-
sented for comparlson 1n figure 19. For obtalning
loads, the estimatlion compares satisfecztoarily with the
measured values though, for tne top of the turret, it
appears to be unconservative. From the data avallable,
however, the turret on the XS32£~1 alrnlane annears to
project higher above the canopy than was assumed 1in the
estimations and larger nressure peaks might therefore
be expected. The irregularities in the measured nres-
sure distribution may be caused by the ribs and other
irregularities on the surface. Severe seperation 1s
indicated behind this turret, where the pressure recovery
1s 11ttle greater than that behind the circular cylinder.

Lower gun turret on Douglas X53-2D-1 alroleane.-~ As
a further example that Involves the methnd of dilstribu-
tion of doublets along the axis of a body of revolution
moving normal to 'ts axis, the pressure distribution
ovar the lower gun turret of the Douglas XS2-2D~1 alr-
plane 1s estimated. The form and locatlion of thls gun
turret are shown 1ln flgure 21. The pressure distribu-
tion over the central profile (line 1, figs. 21 and 22)
1s obtatned and the dlstributions over other lines from
front to back cre assumed to be quite similar. Tor a
shave that does not differ too greatly from a body of
revolution, this assumption 1s reasoneble and has in
other cases been found to agree w3all wilth exneriment.
(See reference 1, for instance.)
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The turret was divided for computational purposes
into front and rear parts. The pressures were assumed
‘to ' be- the seme-as 1f .the turret_were a half-body on a
plane containing the surface of the fuselage Immédiately
forward of and to the rear of the turret, with a stream
velocity parallel to the plane. As shown in figure 23,
the forward part of the turret profils can be approxl-
mated by an arc of the parabola

oy

c

¥1th substitution of the slope

d(y/e) _ _ o X
a(x/0) 0.7L4L 1.L_L883

in equation (11l), the velocity distribution

V. 1 z < - 1
e (1,188 - (0-7hk - 1.108 -09) loge (—S5—
(]

shown in figure 23 1s easily obtained.

The rear of the turret was apvroximated by a
quarter-body of revolution with polar axis normal to
the stream in the horizontel direction and with symmetry
to the right and to the left. Velocity distribution
was computed by the method of distributing doublets
along the polar axls normal to the flow. (See ref-
erence 12,) The cross section normal to the stream,
the central profile that 1s the approximation to the rear
rart of line 1 along the stream direction, and the re-
quired dimensions are shown in figure 2L. The doublets
of constant strengtk are lndicated by the short, heavy
lines along the axls; and, from equation (3) of refer-
ence 12, the potentlial for one doublet 1ls

® = L~ (cos 8™ ~ cos O') cos d
Lhwre
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By symmetry, the velocity on the surface at 1 = 0 must

lie along the central profile (fig. 2L(b)) in the plane

of the stream veloclty. Because the largest and smallest
velocities on the body occur along this profile,thls distri-
butlion is of greatest Iinterest. The velocity due to

one doublet, the 1 doublet, 1ls

Y- ;
AV, = — = cos 9, - cos 9,!') sin
17, of e 2 { 1 . 1/ g

Reference 12 shows that as an ap»Hroximation the doublet
intensity py can be written

By ~ ZTrriZVo

The veloclty Increments AVi are narallel and, with the
substitution for p;, can be addsd to give

2
::— r
AV -1 ;%) (cos 84" - cns ;") sin g

The comoonent of the stream velocity Vv, 1in the direction
of the nrofile 1s .V, sin ¢ eand tke total veloscity is
therefore .

v 1 i 2
E; =11 + E- E (;é) (cos 8y' - cos 61“) sin 4

From the dimenslions glven in fizure 2Ly, the com-
putation of AV/V, 1s indicated as follows:
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. (§i) cos 8, ' | cos ei“ (;i) (cos By ' ™= CosBy")
)

-3 | C.347 0.717 0.592° 0. ob;h
-1{ 1.000 145 "

0] 1.000 .1h5 -.145 .290
1{1.000| =-.1L5 -.1403 : 22

2| .779 | -.L03 -.5G62 . 7
31 347 -.592 | -.T17 -0bL3lL

:§::(Tl) (cos 8y' - cos 8,") = 1.187

The velocity is therefors

L. (% " l;%§%> sin g = 1.59L sin ¢
(o]

which seems reasonable in commarison with the value
1.5 sin # for the sphere. The position along the
stream direction x at which the veloclty occurs is

obtained with fi = sin 4.
(o]

From the velocity distributions thus calculated
for the front and rear portions of the turret, the
corresponding nressure distributions were obtained by
equation (2) and were then Joined at the center to give
the so0lid line in figure 22. Scme adjustment of pres-
sures was necessary to effect this Junction.

For the turret in the guns-abeam position, the
pressure dlstribution over the cylindrical surface
(1ine 2, fig. 21) was estimated by assuming a circular
cylinder proJecting from a wall. The dimensions are
such that cos 8 = 0.452. Substitution of this value
in equation (23) gives the velocity on the surface of
the cylindrical gun turret near the fuselages. The
pressures are thereby determined and are shown as the
dashed line In figure 22.
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The remarks concerning the effects of interference,
boundary layer, and separation on the SB2A-1 turret also
apply to the XSB-2D-~1 turret. For the reasons discussed
In reference tn the SB2A-1l alrplane, no compressibility
correction has been applied. The turret does not project
from the fuselage so far as was sssumed in the calcula-
tions. For th!s recson, the estirated »ressures should
be more conservative than would otherwilss have been the
case. o experlimentel data are availeble for comparison.

Analysls and Discussion

The agresment betwsen estimeted and measured pres-
suree generally 1s better than had been expected and it
apoears that, 1f allovance 1s made for the effeacts of
interference and separatlon, calculations based on the
potertial~flow theory glve a satisfactory indication of
the meximur loads. The agreement is good for the "artin
end Maxson turrets, whizh approach forms for which the
potential flow can be ascurately calculated. In other
cases, the actual pressures may devmart widely from the
theoreticel values. The reasons for this dlvergence
from the calculated values -~ which are connected with
departure of the shaves from those assumed, with com-
pressibllity effects, with interference, and with sena-
ration and other boundary-lsyer effects - are now dis-
cussed. The experimental data available are analyzed
and comared with thecretical values to determine, at
least qualitatively, the modifications that should be
made to calculated pressure distributions in order tc
approxirate mnre closely the actual values. The apnli-
cation of pressure distributions to the estimation of
loads 1s brliefly conslidered. The followlng additional
flgures are introduced:

Pressure data obtalned in the NiCA 8-foot high-
speed tunnel {unpudblished) on anproximately hemlspherical
turrets at different locations on a fuselage are shown
in figure 25. The orifices at which these pressure data
were obtalned were located at the tops of turrets <, D,
and E aand at the side of turret C, where velocitiles
approeching the maximum should occur. The varlation of
pressure coefficlent P wilith stream "ach number M
1s compared with the theoretical variation gliven by the

factor —-—l—;z. In figures 25 to 27, the curve of
1 -

critical pressure coefflclent P,, - that 1s, the

A
<—
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pressure, goefficlent corresponding outside the boundary
layer to the attaimment of "the local- speed-of sound.=. ... ..
1s shown to 1ndicate the critlcal speeds of the turrets,
The critical Mach number M,, is the Mach number at
vhich the pressure-coefflizlent curve intersects the
P,p-curve. ' :

Figure 26 shows & comparison between the pressures
at the top of two spherical-segment turrets A anéd D, both
in the forward locatlion of turret A as shown in figure 1ll(b)
and projJecting different portions of the radius above the
fuseleage, These pressurss are compared with the theo-
retlcal pressures for the sphere includling the varlation

with Mach number given by the factor ——

Vi@

A comparlson 1s given in figure 27 between pres-
sure coeflflclents at verlious positions on the falred
turret B of reference 16 and those on a thicker felred
turret F, both in the location of turret B shown in
figure 11fc). The veriation with Xach number 1s shown
and corpared with the theoretical variation,

T gure 28, for which the data are taken from ref-
erence 1, shows the pressure change with Mach number at
four cifferent polnts cn windshields rerpresenting bodies
of three different tyres: the 3-1-1, which has 2 blunt
tail; the 7-3-li, which 13 characterized by a sharp
corner at the nose and by a lonzg, falred tall; and the
X-1l, which 1s well streamlinsd.

Denarture from forms for wmhich potentlal flow can
be calculated.- The shape ol & protuserance 1s usually
such that the potentlial flow cannot be exactly computed.
Experiment 1s therefore needed to determine the effect
of systematlic depsrture from forms for which the poten-
tial flow 18 calculable, such as varlation in segment of
a sphere from the half-body or varliation in thickness of
a body. The effect of these veriations 1s indicated in
figures 26 and 27. The pressures vary qualitatively as

e might have been expected; that is, larger peaks are
obtalned for thicker bodles. The data are 1insufficlent,
however, to define any quantitative relations.
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Flgures 25 and 26 indicate that, unless considerable inter-
ference 1s present, the 1imit1ng pressure on a spherical
segment less than a hemlsphere may be taken as that on

the sphere, '

Compressibility.- The effect of comprressibility on
the pressure coelffrcients over protuberances carinot be
accurately estimated :lthough & quaelitative estimate of
the nature of the cheange of pressure with Mach number
may be obtained. The theoretical variation shown iIn
equations (3) and (l;) and derived in references2 and 3,
reosrectlively, striclly applies only lo potentlal flow.
The actual variation may te greater or less than the
theoretical varlation and may even be onposite in si.n.
For protuberances, whiech are nusually influenced by
boundary-laysr development forward of the nrotuberance
end ty separation of ths flow, the theory is less use-
ful than for alrfoils, for which the flow generally
anoroaches more nearly * Le potential, As shown in fig-
vres 1L, 1€, and 25 to 28, the peak negative pressures
generally 1ncreaee vith ¥ach numrber more rapidly on well-
faired bodles located »n thke forward part of the wing or
fuselags than on vdlunt bodiss lozated near the tail. A
detalled examination of the experimental data avallable
indlcates how and why the nressure coefflcients in dif-
ferent positions on protuberances change with “ach number.

On the low-cambered turret A »f fizure 1lL, the peak
nressures change wlth Mach number approximately &s pre-
dicted by the Glauert-Prandtl thsory. At the rear of
such a body, the oressures decrease because of an increase
in severity of senaretion - a compyressibillity effect that
has been observed in other tests (unpublished)}. The
conpressibllity effects on the faired turret 3 of fig-
ure 16 are similar to those on turret A, exce»t that for
turret 3 the posltlve pnressure coefflclent at the rear,
which should theoretlically have Increased, was maintained
constant by the slight sevaration of the flow or
thickening of the boundary layer. The sffective change
in shave of the form was appaﬁently sufficient to cause
a slight decrease in ths negatlve pressure coefficient
at the 5-inch station.

Fligure 25 shows different comsoressibllity effects
on the »ressures at the top and side of approximately
hermi sphsrical turrets that desend on lnterference and
the boundary-leyer development shead of the turret.
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Turret C-1ls-subject to.conslderable interference from the
windshleld Just downstream. This interference decreases -
the velocltlies and »revents the lncrease in negatilve
pressure coefficlent with Mach number that would other-
wilse oceur. Turret D, on tha other hand, 1s placed 1in

a region in which the interference may be expected to
Increase the wvelocltles; and the increase with Mach
number of the top negative pressure coefficlent approxi-
mates the theoretical increase up to the critical speed,
after which 1t increases sharply for a short “ach number
T ange- Turret E, which 1s located far back on the fuse-
lage and thereifore subject to conslderable lnterference
from the boundary layer, shows small change in the pnres-
sure coefflclent with tach number.

The turrets of figure 26 were located in a reglon
In which the boundary lajyer on the fuselage must have
been very thin. In addltlon, conslderable lnterference
was possible; the mosslble effect of Interference 1n
Increasing the change of pressure coefficient with “ach
number 1s dlscussed 1n reference 1. The peak negative
pressurs coefflclent on the avproximately hemisnhericel
turret D 1ncreased wlth *"ach number about acsording to
theory un to the critlical speed and more rapldly there-
after. The increase on the lower-camrbered turret A
approximates the theoretical lncrease.

The commresslbility effect on the »nressurses of
turret 3B has already heen noted in figure Z27. The
variatlon of the peak negative pressure coefficients
avpears to agree closely with the thecretical variation.
For the thilcker turret ™, the separation skould be more
severe; thls fact 1s probably the reason that the pres-
sure coefflclent at the top Ilncreases less ravidly with
¥ach number than the theory indlcates. I'arther back
on the turret, the change in effectlive shape due to
separation produces a large decrease 1n negatlive pres-
sure coefficlent as the Msch number 1s increased.

3
&

The effect of compressibllity on pressure coeffl-
clzsnts at polnts on bodles of three different types
(from reference .1) 1s shown in figure 28. For the
well-streamlined X-1 body, the pressures at polnts b
and d agree with the theoretlical change with ifach
number; at polnt a, the peak increases more reapldly
than the theoretlcal values; and, at polnt ¢, the
effect of thickening boundary leyer 1n decreasing the
pressure is seen. On the 7-3-l body, which has a
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well-faired tall and a sharp corner bstween the wind-
shield and thke hood, the pressure et pyoint 4 agrees

wlith the theoratlical wvuariation, the »ressure et nolnt c
shows the efferct of thickenlng boundary liayer, and the
negative bsressure coeffliclents at polnts a and b a short
distance behind the nolnt of separstinn decrease before
they stert to rise with ¥ach number., Ctn the 3-1-1
body, wvhlch has a blunt tail, tne pressures et Hoints b
and 4 change about as theoretlicaily »redisted, the nres-
sure at point a somawhat aherd of the =eparation polnt
feglls for tiie most purt to decrecace as fast as indicated
by the thenry, and the rressure at polnt ¢ on the tall
decreases greatly behind the soint at which separatlion
probably occurs.

Tre sffect on prascsure coefficiants of change 1n
¥ach number 1s seen "2 be different for dilfereant
nolnts end Ior different bodles. For roughly similar
shaones In zimilar lozaticns, the corresnonrding varle-
tions wlth VWech number may be assumed.

The effect of compressibility cn the Pressures
over & protuberance obvlicusly denmends on the Eeynolds
nurber of the protuberance and of the Lody on which it
1s placed, inasmuch as the type of flow must be a func-
tlion of the Feynolds number. Compressibllity effects
also depend on the relatlive size of the protubsrance in
relation to the body o»n which it is nlaced, because
interference and boundary-layer effects &are different
for dlfferent relative dimensions.

From the experimental data, the following principles
that are useful in a qualltative estimatlon of the change
of pressure coefficient with *ach number may be derived:

(1) o0Over the zreater nart of well-faired bodiss
that are not too thizk and are relstively free from
boundary-layer and veloclty lnterfersnce from other
bodies, the theoretical change of pressure coefficient
wlth Wach number mey be assumed. The factnr

1

V1 - Fz

The negatlive pressure veaks may De assumed to increase
somewhat more raplcly than this factor indicates.

expresses the change with sufficlent accuracy.
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(2) . Separation of the flow, which rezularly occurs
from the rear of blitit forms = such as the. -aphere. and .
the circular cylinder ~ and to a less degree from less
blunt bodles, ls likely to become more severe with in-
crease in ¥ach number. The resultlng change in the
effective shane of tke body may produce an increase (as
compared with the theoretical decrease) of the pressure
coefficlents near the beginning of the separated reglon
and a decrease (more-negative pressure coesfficlents)
near the tall. Fven on moderately .thin falred bodles,
something of thls effect may anppear; whereas, on bodles
with short taills, a large decrease in the negative pres-
sur9 coeftlclients Just forward of the tall and a con-
slderable Increase 1n the negative pressure coefflclents
at the rear may occur.

(3) Tnterfersnce that Increases the velocitles 1s
likely to cause a further increase in negetive pressure
coefficienta with “"ach number, whereas lnterference
that decreases the veloclties is li%ely to have the
opooglte effect.

(LY Tf any con=lderable nart of the protuberance
lies wilthin the boundary layer nmnroduced on the body for-
ward of the protuberance, the changs 1n pressure coeffl-
clent wlth Mach number 1s llkely to» be different from
the change that would oc2ur 1f no boundary layer existed.
The pressure neaks may be smaller and senaretion effects
may be introduced.

(5) 1If a critical Reynolds number nccurs within
the Mach number range or if a consliderable change in
pressure coefficlent with Reynolds number la otherwise
to be expescted, the resulting effect on the change in
pressure ccefficlent with Mach number must be accounted
for.

The foregolng dlscussion holds for tfach numbers
less than the critilcal. Above the critical ¥ach
number, stlll less is kwnown about the pressures to be
expected. Qutslde the reglon of suversonlic-:speeds, the

= pressure change 1s much the same as at subcritical Wach
numbers. . The supersonic reglon commonly spreads rear-.
ward as the Yach number is increased, &nd the negative
pressure peak usually Increases and broadens toward the
rear. ‘as the shoclk wave develops with 1ts large un-
favoreble pressure gradlent, separation 1s 1llkely to
occur and produce the pressure changes already diliscussed.
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The negative pressure coefficlents cannot in eany case
continue indefinitely to increase with Mscn number, and
a tendency to decrease at the highest Mach numbers is
already apoarent Iin some of the curves in figures 25
and 26. An absolute 1limit imposed by the condition
that the locel statis pressure be zero is given by

(-P)max = _é___ The experimental data avallable indl-

ME
cate a 1imit less than glven by thls relatlon. Up to
a Mach number of 0.7}, however, the changes 1n pressure
coefficients 1ikely to be encountered on protuberances
may be estimated by the methods hereln pressnted.

In order to estimate with quantitative accuracy
the effect of compressibllity on the pressure distribu-
tions over protuberances, extensive systematlic experi-
mentation 1s necessary.

Interference.~ ror cases in which the interference
cannot ce exrressed by simpnly adding in the induced
velocities due to the interfering bodles, an estimation
at loust qualitatively correct may gtill be obtalned.
It 1s reasonsbly certain, for instance, that a canopy
in front of a gun turret can have only the effect of
reducing the velocitlies and thersby the pressure peaks.

Figure 25 iliustrates the difierence in Inter-
ference effects for turrets in 4dlfferent locations on
the fuselage and for Jdifferent angles of attack of the
wing and fuselage. Turret C 1s subject to a reduction
In veloclty due to the hump in the fuselage irmmediately
behind 1t and, in additlion, the accompanying unfavorable
pressure gradlient may be expected to preclpitats earlier
seperation than would otherwise occur. As seen in fig-
ure 25, the negative pressure coefficients on the top
of turret ¢ were much smaller than on turret D, which
was locsted in a region of increased veloclty due to
both wlng and fuselage. Turret E 1s so located that
the velocity interference should be small but, with
most of the fuselage forward of the turret, the boundary-
layer interference wust have been ccnslderable. The
"negative pressure coeffliclents are only moderately large.
The change in pressure coefficlent wlith angle of attack
is appreciable. A rough estimate of the Interference
could be obtalned by adding the induced velocltles due
to the wing and fuselage as in reference 1.
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The velocity interference on the central part of a
fuselage commonly anounts™ to abdut”'%g“=-0710;-“~ﬁ-roush'
' o
estimate of the induced veloclty can be obtalned by
fitting an equivalent prolate spherold to the fuselage
as described in the section entitled "rethods" and in
reference 1.

} The wing is approximately a two-dimensional form

and thus may cause relatively large interfering
velocltlies. If a protuberance 1s located near the
veloclty peak on & wing, therefore, the pressures may be-
wildely different from those on the same protuberance not
subject to the interference: in addition, the change in
pressure with change i1n Mach number or wing angle of
attack may be large.

Tt may be necessary in some cases to determine the
Interference effect of a vnrotuberance on the loads over
surrounding surfaces, The induced velocitlies generally
decrease very rapldly with increase in dlstance from the
surfeace. The decrease of the neak veloclty 1ncrement
1s shown for a wing and for prolate spheroids in fig
ures 36 and 37, respectively, of reference 1. The
methods given in the sppendix of reference 1 can be
used to estinate the i1nterference due to a orntuberance.
If an equivalent prolate svhernid can be fitted to the
protuberance, the maximum interference veloclties can
be estimated from figure 37 of reference 1. If more
detalled information is needed, however, a veloclty-
contour chart such as that of figure 35 of reference 1
can be precared for a body approximating the protube-
rance 1n shapsa, For simple shapes, such as the snhere
or oblate apherold, velocity contours are easily obtalned
from the potentiel theory. Additional experiment 1s
needed to permlt very accurate estimates of the effects
of interference.

Surface irregularlties.- The theoretical »nressure
distributions are calculated for smooth bodles, but 1in
practice the surface 1s usually bro%en by ribs, Jolints,
waves, or other irregularitlies; as a result, peaks and
valleys appear in the pressure-distribution curve.

Such an irregular pressure distrlbution 1s given by the
experlimental data shown in figure 19. The most obvlious
surface irregularitlas in this case were the ribs of the
turret. Estimated pressure distributions should be
made sufficlently conservative to allow for the effects
of these irregularitlss,
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Separatlon and pressure behlnd a protuberance.-
Most protuberances are sulficlently blunt at the tall
that the flow falls tn some extent to follow the sur-
face. This separation of the flow 1s aggravated by
the boundary layer develoved on the surface forward
of the protuberance with the result that separation
becomes more severe as the protuberance 1s nlaced far-
ther back from the nose of the fuselage or other body
on which it 1s sltuated.

Al though separation does not usually lncrease the
severlty of the loads, 1t greatly increases the drag
of the protuberance and should therefore be prevented
by a felring 1f converilently possible. In the case
of gun turrets, a method that might be used while the
advantages of symmetrical turrets are retained.is to
Install rstractable falrings behind the turrets. The
effect of falring on separation 1s shown in a com-
narison of the experimental data glven in figures 12,
1l, 16, and 19. The use of falred turrets apnears to
glve 1little advantage over symmetrical turrets unless
the falring 1s sufficlent to prevent any consilderable
separation. If the flow becomes unsymmetrical when
the turret 1s rotated from the stowed posltion, local
loads may be substantlially increased. If sharp
corners are thus exposed, the pressures may be lmpos-
slble to estimate and the peak negative pressures may
become very high.

At sharn outside corners, the flow separates elther
completely or with a bubble about which the flow later
closes 1in. A method of estimating the pressures near
sharp corners has been suggested 1n the section entitled
"Estimation by Comparison." It 1s pointed out in ref-
erence 1 on nages 12 and 13 that outside corners with
radli of curvatures less than apnroximatel;y 25 percent
of the helght of the protuberance may be considered
sharo.

Separation changes the effective shane of a body
in such a way that the pressure neaks influenced by the
seraration are reduced and tke pressure on the rear of
the original form 1s decreased. At the rear of the
falred turret of figure 16, therefors, the pressure
coefficlent is positlve; whereas, on the rear of the
more severe turret of figure 1ll., for which a greater
pressure recovery ls indicated, separation has reduced
the pressure coefficlent to zero. Behind the still
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more severe forms of Jflgures 12 and 19, the pressure
‘coefflcientsd at 'the réar dare negatlive. ' From these
experimental data and from the. kriown velues of the
pressure coefficlent on the rsar of spheres and cir-
cular cylinders, a rnugh estimate of the pressures
behind protuberances cen be made; but 1t 1s evident
that, in order to Judge accurately whether separation
will occur and what pressures wlll then exlst, much
systematic experimentatlon 1s required.

The effect of coupressibillity in precipltating or
Increasing the sever!ty of separation has already besn
noted.

BEztimution of loeds.- From the pressure dlstribu-
tions, estImatcd or mhasured, the loads can be determined
provided the internal nressures are known. The
Internal-pressure coefficlent muy be nositive 1f the pro-
tubzrence 1s vented toc a high-)>ressure reglon, as about
the nose or tall of the fuselage, but 1s more likely to
be negatlive bacauvse leaks regularly occur Lo the low-
pressure reglon in which a protuberance ls usually
placed, such as leaitrs around the slidinz canooy, through
other craclks, or thinugh holes in the surfece. Because
the external nressures vary with angle of ~ttaclt or the
postitions of the leaks changs wlth angle of Zun turret,
the internal »ressurcs also varsy. Zince nagautlve
prerasure coefficlents uo to P = -0.L0 often occur on
a fuselag:s, simllar nressures may be expscted 1lnside
canoples or gun turrets. In low-spneed teats of ths
Grumman XTBF-1 alrnlane (unpublished), for example,
intsrnal-pressure coefflclents of -0,13 were found in
the canovy whille, in the symmetrical Martin turret
tested, the prossure conefflecient varied from -0.02
to -0.11 depending on the angular position of the
turret and angle of attack of the alrplane; similarly,
In the unsymretrical Grumman turret with which the alr-
rlane was orliginally equilpoed, the 1nternal-pressure
coefficient varied between O and -0.06, For the
Brewster X8SB2A-~1 airnlane in flight /unpublished),
internal pressures 1ln the gun turret varlied from
P = -0.20 to P = -0.38: inside the cockplt canopy of
the SB2A-l, alrplane, very low pressure coefficlents of
-0.30 to -0.LO were found. Because of differences in
leekage, the lnternal pressures &are likely to be differ-
ent from time to time, even for the same alrplane, unless the
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enclosures are sesaled. It 18 evident that, becasuse of
low internal pressures, Jettison mey be impossible even
if a protuberance 13 deslgned to be released. An
incrsase of internel pressure could be realized by
venting to the tall of the fuselage.

CCNCLUSIONS

1. By the methods given in the present report,
pressure distributions can be estimated for use 1n cal-
culating loads.

2. Tf allowancy 1s made for the effects of inter-
ference end separation, calculations based on the
potential-flow theory glve a satisfactory indlcation of
the maximum pressurec to bs expected.

3. For shanes gbnut which the potential flow 1is
not exactly celculable, the nressures may be estimated
by various anproximate methods presented or by com-
parison wlth exoveriment.

. Compressibility and intsrferance effects and
the effeccts of devarture from potential flow, lncluding
separatlon, can be estimated by a comblination of
theoretical methods presented and by comparison with
experiment.

. In ordsr to estimate the loads, the pressure
Inside the body as well as the external-prsssure dis-
tributionr mast bes known.

6. Further experimental investigation 1s needed to
determine the effects of interference, compressibility,
separation, ané systematlic changes in form,

Langley Memorial Aeronautlical Laboratory,
National Advisory Cormittee for Aeronautics,
Tangley Fleld, Va,
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