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NACA ACR No. LLI21 ]
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE CONFIDZENTIAL REPORT

SUMWARY OF DATA RELATING TO TR® EFFECTS OF WING
MACEINE-GUN AND CAINCN INSTATLATIONS ON THE
AERODYIAMIC ZITARACTERISTICS CF ATINPLANES
By John H. Quinn, Jr.

SUMMARY

Data obtained frcm tezts of nmedels und alrvlanes
relatin; to tiie effccts of varicus wing armanent lnstal-
laticns heve been collacied aud analyzed. Tnree tvpes
of gun installetlion were con3ifersa; namaly, gun vorts
(surmerged machine guns), protrudlng mackline guns,
and caano», Data have been nrezzanted as drag-coelliclent
incremsnts of one x1'n based on an grca nqual tc the sgjuare
of t¥rs local wing clord und as incremsntal lifts for
the comnlets frstallatinn Lased on airplane (or mocdel)
wiags area.

Tire snalyeia cof t*ese daota roveelad that a wsll-
designei gun pcrt srhoulc have little or no efrect on
aither the drag or max!mum 1li1ft of an alrplane, A
wall-deasigned gun opsning in ihe leedling edze of a wing
should not exceed cne-tenth ol tne wing thickness 1n
height, should have provision for alr flow and ba
fitted with a sultable exit vent, and should ©be located
on or a few percent of the zherd below the chord line.
Cun ports that di1d rnot fall in thia category wers fcocund
to cause drag-coefficient incremsnts up to 0.0013 and to
decrease maxirmum lift coefficlent br¥ as much as 0.12.
Gun opanings at least un to 25 rercent of the local
wing thickness in helght may 7leld small draz increments,
however, rrovided a faired nose-air-intake shape 1s used.

The smallest frag-coefflclent lncrements for
protruding-machine-gun installatlione were obtained with
machine guns that protruded approximately l nercent of
the wing chord sahead of the leadlas edge of the wing,
wevre located on or near the chord line, snd were falired
smoothly into the wing contour, Uanfaired zuns with
greater extensions caused drag-coefficlent increments
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uo to 0,0010, and guns mounted below the wing caused
incremsnts of 0.0035. Gun extensions of at least
G.25 chord, however, were found to have less adverse
effoct on maximunr 11ft than shorter extensiomns.

The drag- coeff*.iant Increments caused bv cannon
Installaticns on the wing vwere cCecreased aprproxi-
mately 0,0203 or O. 0004 b" falrirz the cannon into
ths wing and providing alr flow. Cannon lccated below
ths chord line csusnd incremsnis of 0,00%3, cr mnearly
four times the increment of sn rnfiired cannon mounted
cn the w#ing, Jeired canaern lozcated on the wing gensrsally
had little or no eflect on raxinvm 11ft, Tnfalired
cannon located on the wlng aad ieired cainon located
below ths wing wers lound o docrsase naxinun 1irlt
coafficlents oy as =urh zs 0,09,

INT0TLITION

A nuaber of Investlaations condncted by the
Natioral AdvisorT Commrltise for Leronautlcs during
the vest few vears Irave dnalt 1n pars wlth the effects
cf wing-armasmznt Instsllaticns on the aerodynamlc
characteristics of airplancs. The y»urrose of the
vrasent report i1s to group these data in 3cne lcoglcal
feanion to facillitate tl2ir snalysis and to establlsk,

wherever possidle, trends for correct cdesign.

The armamnent Inatellatlions considsred fall lozg'cally
into threse groups: gun ports (subdmerged muchine guns),
protrudlnz rach.re guns, and cunnen, An analysis of
the data revealecd sone @Galinlte trsnds that snould bhe
of consliderable uid 1in the design of irmroved wing-
armament Installutions. A dilscussion c¢f She tzst
results and of the varlous Tactors alfecting Lae
serodynanic deslgn of wing-ernament install ationﬂ is
given 1n the following ssctlons.

S¥iIBCLS
Cp gairplane drag coefficlent
Cy, alrnlane 1lift coefflcient
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cy sectlion 11ft coefficlent
cdo sectlion profile-drag coefflclent
AGDc incremental winz-gun drag coefflclent based on
local wing chord squared
S -
[n,,a (CDmodel + guns ”Dmodel)]
n numbar of guns
c local wing .chord at ceater ol gun 1n§ta11ation
S wing ares
t maximum win~s thiclkrnes:
h helght of —uan-reort cmening
e axtenaion of gun or cacncin uvhead nf wing
Ly gun-»ort inlet ares
Ag exlt area of gun duct

£AC~, increment (+) or decrement (-) In maximum
~18x 1ift coefitclant

R Rewvnolds nwiaber

Op angular deflection of flap
Vo free~stream velcclty

V1 gun~port inlet valocity

TESTS

The date nresented horein were ottainsd from two-~
dimensional wind-tunnel tests of rectungular winzs,
three-~dlimenslional wind~tunnel tests of scale models,
end rull-scale wind-tunnel and flight testas of alrglanes.
I'or the two-dlimenslonal tests, the drag was determined
by the wake-survey meitlod and 1lift was determined by
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Interrsting the nresaure alonz ths floor and celling
of the tunnel test section (refersnce 1). In all the
other tunnels, 11ft, drag, and moment were obtalned
from balance measurements. Standard methods of spored
determinaticn were used 1in obtaining the flight-test
data,

PRUISENTATION OF DATA

The 1lift- arnd drag-coefficient increments, tozether
wilth the irvortant dirmensions, wre =ieasented in taeble I
for the subrersed machine~gun instelliatlions, 1n table II
for the protruding machlno-gun Jrstallatlions, and 1n
table III fcr the wing-camon inctallatlons. Drag-
cosfficient 1ncremsats, dstailed skeiches, and ovhoto-
gravhs of the varlous Installaticns are nrecented 1n
figares 1 to 43.

Tre tables alons shoulé not b3 nsed to comnare
the various 1nstallatlons vt 3horld be supnlensnted
hy cormparing the rlota cf draz-coefTiclent increrent
against 1ift coerlfiletert. Becauce of exnarimeantal
*naccuracles and the varlation with 11ft coefflelent,
tre drag Increments at any cne 1ift cosfTiclent may not
flve a true indication of the vrolestlve merits ol
differ-nt irnstallatlons.

TAft elfects are shrown Tor only three-cimonsolonal
r0d313; the lncrerental coefficient is for the complete
armgnent installation end !s based on total wing area.
In order to facilltate ths enalysis and use of the drag
deta, Fowsver, Cho lncrements have been nreseated in
terms of ti:e coefficient ACDC.

PAiZCISIOF OF MITASCETLINYS

In orcder to faclllitate commarlson of the data
obtalnzd in the Ji1fferent tunnels, probable errors in
drag-coefficlent “‘ncrement havs %tecen estlmated and are
rresented in tables I to III. The experimantal accuracy
was assumsd to be Il vercant of ths total measured drag
fer all cdata not obtalned by the waie-survew msthod.

Thls accuracy is tlrouzht to apnrorimite the limlts within
which a vnoint may te checked, asa deteriilnsd from nast
exporiencs.
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In determining the error involved 1n the wake-survey

data, a slightly different procedure was followed. In
addition to a probahble error of 1 percent in the drag-
coefficient increment, there was the possibility that
the spanwise drag curve might not taper off to the
corroact plain-wing drag at elther end. For each of the
tests made by the wal%Ze-survey method, thsrefore, the
error given 1n tables I to IIT was obtalned from the
expreasion:

Error = 0.01 ACnh + Estimated error due to curves not
returning to correct base lines

The valuves of the probable crrors in the drag-
coefficlent Increments cf armanent inatallatlions as
measured on a wing model and on an airrlane or model of
tke airplane difler considzr&bly., Thals dlfference
occurs because the dragz of a zm installation on a wing
modsl often 1s of th2 =amz ordor of magnitude as the
drag of the model, whereas the drag of the armament
Installatlon cn a comnlete airplune is but a very small
part of the alrplanzs dreag.

DISCUSSION

The discussion of the data presented is divided
into three sectlons: gun-port, nrotruding machlne-
gun, and canron installations. TUnder each of these
headings, the effect of saveral significant rarameters
on the 1li1ft end drag characteristics of the model upon
which the guns were mounted 1s dlscussed. Although the
greater part of the d!scussion deals with the elfect of
wing guns on the drag of the alrplane, maximum 1ift
effects are presented wherever avallable, The avallable
tests shiowed that the effects of wlng-armament Instal-
lations on the pitching-moment characterlstics of an
alrplane were negligible. Pitching-moment data,
therefore, are not presentod,

In several ceses, the results obtalnad with gun
installations on airvlanes do not agree with the results
obtalned with gun installations on models. The effect
of an actual gun Installatlon depends to a large extent
upon the surface condition of the wing upon which 1t
is moomted, tecause rough wing snrfaces or pocr wing
construction may partly mask the adverse effects of a
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rolatively poor gun installation. In order to find

the true effect of an armsment installatlon on a
varticular airpnlane, therefors, full-scale data should
be used, TLata from mecdel tests are unsed in the dster-
mination of the semnarate effectes of the wvarlions factors
that enter infto the gerodynanic dsessign of a wing-
armament lnstallation.

Gun Ports (Sahnergzc Machine Gms)

The effects of 2 well-desipn2d gurn nocrt on the
gsrodynaaic characteristics of a sinooth 7irg are small,
The important factors to e considered n the deslizn of
suchh a gun rort are Giscriosed In tho following crdsr:
ths air flow thrcugh ths sun =ort, cre helsht of the rort
wlith resvect to the wlnt thricimess, and the position of
the gun mort with respect to the wing chord line.

The effect of alr flow on itl's Arag-coetficlent
lncrement of a gun nort was investigsated Ty tests wilth
and without alr flow cn a rodsl of ths wing of the
XE-ILTR alrrlane (table I, fig. 1). At a 1ift coeffi-
clent of 0.2 witkcut alr flow the gZm port caused a
éraz-coefricisnt increm:nt cf 0,CI05, wnereas the
same port with alr flow cuusad an increment of
omlv 0,0001, T™ron tliis result 1t avmeers advantegeous
to provlide e s-ijtan’le exlt wvent ior the g oort and to
permlt the air tec flow arcund the gun and to exhsust
et sorme noint on the wing. In this test tre alr was
vented to the upper part of tae ailerocn slot. Tn nrac-
tleco, alr usually “lows through the gun port, althoush
a suitable exit vent s rarely rrovided, In most cases,
ths air that enters %tle zun port lealts out Into the ailr
stream through a wing lolnt or throuzh the fuselage.

The adventege of having a'r flowing through the gun vort
1s thus vartly realized, “ut the gain is often mors than
offset by the nower required to overcome tle loss
resulting Ifrom leaknge, #hich csanses an extcrnal
disturbance, Inasmuch as soms alr almost slways flows
through the port of an actual installatlon, tha greater
part of tiie discusslion wlll deal witi:i the analysis of
the aerodynamic effects of othar paramsteras wilbth air
flowing.,

The wing of the XP-63 alrplans (tabls I, figs. 2
and 3) and a model of the modified XP-L1 airplane
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(table I, figs. L} and 5) were tested to find the effect
of gun~port helght on the drag-coefflclent increment
caused by a gun port. (See reference 2.)  Thncreasihg
the gun~port helght 1s shown to lncrease the drag
Increment, The drag lncrement for the gun port on a
model of the XF,U-1 airglana, which has a large inlet
height (table I, figs. and 7) was about the same as
the lncrement for the larger gun port on the model of
the modified XP-41 alrvlane. From inspection of these
data and of those for the XP-I7B wing section, gun
ports having a height up to arproximately 10 percent

of the wing thicknesas (0.10t) appsar to cause little or
no increase in the wing drag, Tests of the F,U-1
(table I, figs. 8 and 9) and XF2A-2 (table I, figs.l1l0
and 11) alrplanes in the Langley full~scale tunnel show
lover drags than would be predicted from model tests.
Inasmuch as the wings of thosc alrplanes were vnusually
rough, 1t might be exvected that the adverse effacts

of large gun-port helzhts are partly maskad in these
cases,

A low-drag zmn port wlth three types of front

ovening was cevelored (table I, fMgs., 12 snd 1%, and
raference 3) to obtaln a gun port having a height that
was large with rsspect to the wing thlclknsss and yet
having low drag. The gun openlngs, which are 25 percent
of the thicikmess of the bulzsd portion of thes wing 1in
helight, ows thelr low-draz properties to a falred nose-
alr=intake shape a2t the cntrence, These 1Inlets were
deslgned by use of the findings of tha tests reported
in referenco L. If 1t 1s necessary to have un opening
that 1s large with resvect to the wing thilckness, a
similar falred nose-opening shape should be mused,
Large openings may possibly be avolded by moving the
breech of the gun for alming rather than the muzzle.
Small openings and consequently low drag lncremants
would then be possibls.

In order to determlne the effect on drag of the
position of the gun vorts wlth respect to the chord
line of the wing, a comparlison was made of the drag-
coefficient increments for the gun ports 0.5 percent
chord (0.005c) and 2.5 percent chord (0.026c) above
the chord line of the wing of the XF2A-2 alrvolane
(table I, flgs. 10 end 11, and reference 5). The gun-
vort poaltion nearer the chord linc was found to result
in the smaller increment. Simllariy, it 1s seen from
table I and figure 3(a) that & gun port 0.018c high
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by 0.0%%c wide centered on the chord line of a model
of the wing of the XP-63% alrplane caused a negligible
Incroase in drag. Comparison of tha spanwise drag
survevs for simllar gun vorts on and slightly belcw
the chord line (fig. %), however, showsno important
differonce resultlng frcm positlions on the chord line
and below the chord line. Because of the limited travel
of the survey apvaratus, 1t was difficult to obtaln

a complete spanwlse drug survey for these gun norts,
but reascnable estimates of the oxtent of the curves
and the area under thom (oroportional to the cdrag
incremsnt) sy be meda. Gun ports 0.012c¢ by 0,026c
and 0,015¢c by 0.027¢ centsrec. 0,0ljc bsiow tue chord
line, both of which are smaller Iin he?! :ht and wilidth
then the 0,018c¢c by C.0,3c zun oovt cn the chord line,
causad sonewhat largser cdragz Jrncroerments than the gun
nort on the chord 1lins. The 0.053c by (.033c gun
vort centered bslow tihs chord lino, however, rrobably
has a 8lightly smnllsr drag tran the 0.021lc by 0.0353c
gun port oa tre chord line, These results indlcate
that gm ports ceutsrad ca or ellshtly below thke
chord 1lins caused swvaller drag insremants than gun
vorts centered avYove the chiord line, A reasonable
oxplanation for thls conclusion may be obtained from
consijeration cf *the stream 1ines sbout the wing at
the cruising 1ift ccefficlent. If the cruising 1lift
cosfficlent is equal to cr greater than the desizn
11Fft coefficient of the wing, the stagnuatlon polnt is
at or 3lilghtly balow the chord line. Gun ports
contered above the chcrd 1lino; in a hizh-velocity
regicon, thus have mcre adverse afrect tlan Zun vorts
loceted iIn the low-veloclty reglon in the nalghborhood
of ths stagnation rolnt.

Tas drag-coefficlent increments for gun mcrts on
a model of tho wing of the Xa-lL1l airplane, anere no
alr flow was provided (table I, flzs, 1l to 16), showed
that the gun norts on or near ths chord line caused
larger drag lncrements than thcss above or balow the
chord line, and these drag lncrsmauts without alr
flow in nearlv every case were much larger than any

measured witnh air flow. One such gun port, 16% percent
of the wing thickness In helght and centered slightly
above the chord line, caused a drag-coefrliciant Increment

of 0.0018. Wwithout alr flow, the gun ports on or near
the chord line, depending upon thalr siza, probably
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spoll flow on both surfaces, whereas gun ports above or
below tha chord line spoll flow on only one surface.
The gun ports above the chord. llne caused largzger drag
increments than gun ports centered belcw the chord

line even without alr flow.

Three gun-port conflgurations were tested on the
P-51B alrpnlane in the Langley full-scele tunnal
(table I, figs. 17 and 18). The gun port was tested
(1) in tno service condéition (gm port open),

(2) covered with tane that .was torn to simulate the
conilten after firing, and (3) covered with metal

prlates having holes just large enough to allow the
rassage of a bullet. The results of these tests are
glvan in table I and figure 183. Th: taped gun ports
gave sllightly lover drag incrz2ments than the ssrvice

gun ports. Th® cover platecs having small heles resulted
In the bsst arrangensnt tested on this airnlane.

An sxamination of' the effact ¢f the varlous gun
ports on the maximun 11ft ccsfficient (table I) indlcates
Lhat few ol th2 1lnstullatlons .L,ad serious udverse eflect.
Tha large lcss 1n maxlmum 11ft coeflficient of 0,12 on
the P-51B airplane probably cccurrad becaase tle gun
rort was 26 percent of the wiaz thickness in height,

Protruding Macn!ne uns

Because of sprac~ linltatlon or other ccnslderations,
1t 1s often rocessary to install machlne gZuns that
protrude ahead of tho leading adge of the winz. The
nost 1Importont varlables affect ne the Zosign of a
protruding machine-gun installation frcem aecrodwncmlc
considerations are thoe position of the gun wlth respect
to the chord line and the ozxtenslon of the gun barrel
ahead of the leadlng edge of the wlng.

Several gun extensions and two vosltions with
respact to the wing chord lline were tested on the
XF2A~-2 alrvlans in the Langley full-scele tunnsl
(table II, figs. 19 and 20). An extension of 0.028c¢
causad a lower dreg-coefflcient increment %han a
0.139c extcnselon, but the drag of the 0.139¢ extenslon
was essentially the same as that of the 0.25lc gxtension.
The 0.13Sc extension wus tested 0.005c and 0.02o0c above
the chord line. The posltion nearer the chord 1llne
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vielded the lower drag increments. Protruding machine-
gun installations were also tested on a model of the
modified XP-lj1 sirplene and on the ¥6F-3 airplane
(table 1T, figs. 21 to 23). The 0,100c extension on
the modified XP-Lj1 alrplane caused sbout the same drag
es the 0.15%c extension 0.005c¢c sbove the chord 1line of
the wing of the XF2A-2 alrplane. The lowest drag-
coeffliclant lncrement for nrotrudinz mechline guns

(ACDG = 0.0001) was obtained with the l-vercant-chord

extension mouvnted 0,02c above the chord line of thre

wing of the F6%-3 alrnlsne. ¥ov these tests, the guns
were nrovided wi.th a3 well-Ceslizned smooth feiring.

The 0.1% zun ex%tensicn on ths :iP-6% wins model

(table II, ii1gs. 2l ané 25) caused the bighest drag-
coefficlent increment (Aﬁpc = 0.0010) of any prciruding

gun nounted orn or nsar tka ckord 1llns. Tae large Crag
Incroment of th's Installation .s ¢us to the lamlinar
ficy that was spolled c¢a the low-drag wing. From ths
foregoirg results, 1t wrooars thut short well-faulred
gun cxtensions and monmbtling rositlons on or near ths

",

chord lins will havd She lowest drag.

Tndersivng machine guns ware teasted on a model of
the wing of the XF-€3 cirslcne, on tae F-634 alrplene,
and on a model of tha XA-2h slrnlensa. Ska:chas arnd
drag deta for these urirsigeuents sre pressnted In
tabls TI and filmires 2L to 27. & coiparison of the
drag of theo uvnderslung arrangemsnts and tie drag of the
arrangeranss having zuns firxsd at cr neer “Le chord
1in> (table II) skhows that the drag-coefflizient
Ircrewents caused by the underslung guns, orten as
much as 0,0038, are ew:cessve. At a 11ft ccefficleant
of 0.2, the 1nderslunz arrangement on the {P-£3 winz
mocdel csausséd an incrament aroroximatsly 60 rercant
greater than tho gun wmounted cn the chord llrs., (Sse
fig. 25.) Tre installation on tlie P-05A airnlane,
which represents tke mesnufacturer'!s best attemont to
reproduce the model 1lnstallatlon, caused a Crag
incrament approximately twice that of tre model lnstal-
latlon. Sealiny trz slection slots and ths cnnular
snace between the gun barrel sad Tairing on the ulrplane
reduced the Crag increment of this Installation slightly.
Tre Door agreement between the lnstallation and the model
Installation tested In the Langler two-Glmensional low-
turbulencs pressure tunnel is probably due to leakage
arouni the barrel through the holes 1n the cocling
jacket cn the actual installatlon.



FACA ACR ¥o. I4I2] eSS 11

Some observatlons concerning the effect of gun
extenslons on maximum 1li1ft may be made by comparing
the decrements measured on the X¥F2A~2 alrplane in the
Langley full-scale tunnel (table II). The 0.028c¢
extensions mounted 0.026c above the chord line decreased
the meximum 1ift coefficlent 0.,1ll;, whereas the 0.139c
extenslons mounted 0.005c¢c above the chord line caused a
decrease of 0.13. The 0.25lc¢ extension, however,
mounted 0,005c¢c above the chord line decreased ths
meximmm 11ft coeffliclent by 0.09. It aproars that gun
extensions of at least C.25c ars less detrimental to
maximum 1l1ft tran shorter extemnsions - probably because
the soperation at the tip of ths short extenslon passes
closé to the vpper surlaco of the wing and spolls the
flow, whereas th1s sevaratlon for the long suns nasses
farther above the wing and has less detrimental effect.

A number of wing-gun fairilngs were tested in flizht
on tha FyF-3 airnlane %o improve tre maximum 11ft and
stalling charecteristics. (Sse refersnce 6.) Photo-
graphs of the various falrlnns are rresentad In fig-
ure 23. Tne addltion of uafalrad guns tc the otherwlse
clean airplane caused a consliderable 1ncreass 1n
stslllng speed. Tests of a numbar of JTairings lndicated
that a falred ssaled opening for the submergec gun and
a sealed fairing on the protruding gun resulted 1in
practlcally no change in stalling speed from that of
the rlain wing and also alded 1n correcting the nocr
stalling characteristlcas of the alrplane. Unseallnrg
these falrings, however, caased a loss !n maximum
11rt coefficlernt of 0.26. The gertinsnt data for
these arrangzements are giwven 1ln table II.

Wing-Cannon Installatlons

Wing~canncn installatlons may be best compared on
the basis of the mounting vositlon with respsct to the
chord llne, the tyme of cannon falring, and the provision
for alr flow.

Two underslung and one oartly suvbmerged cannon
installatliona were testesd cn the X72A-2 alrplare 1n the
Langley full-scale timnel (table III, figs. 29 and 30).
At a 11ft coefflicloant of 0.2 the besat underslung
arrangement csused a drag-cosfflcient lncrement
(ACDC = 0.0033) 170 percent greater than the partly
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submerged 1nstallatlon. This result again shows that
the dragsof undarsluag arrangements are excessive,

Carnncn 1nstallations on a conventlonal alrfoll
sectlon and severel low-drag sections wers tested 1n
the Langley two-dimensional low~turbulence pressure
tunnel (table III, figs. 31 and 32). As might be
expected, the lncremant in drag coefflclent was greater
on the low-drag sectlons than on the conventlional
sectlon slnze more laminar flow was spolled on the low-
drag sectlons (flg. 32(a)). Tests with two different
cannon extensions and with a rcugh spot on the leading
edge of tha NACA £6(215)-21€ alr©oll section ylelded
anproximately equal dreg lncrements (fig. 32(b)).

The rough snot, which was mede un of carborundum

gralns having an average dlametar of 0,01 inch

attached to tre alrfcll wlth 3hsllac, coverzd the

some area as the cannon havirg the 0.16c extenstion.

The results Indicaete that when a conslderable emnnunt

of leaalng-edge area 1s covered by tho armament instal-
lation, the snecunt of flcw spclled by tre interference
at the juncture of the canncn and wing 1s more impertant
than the sxtenslon ahead of the wing. At higher 1ift
coefflclents the drag lncremcnts of the cannon exceeded
that 21 tba rouzr spot. Semaraticn of the flow Xrcm
the pruotruding cannon tnd the lncreased fromtal area of
the cunnon are respciisibls Jor this Increase in drag.

A1l tests of modzls of the XI"lLI3~2, X-&F,
and X®hU~1 alrplunes in the Langlcy 12-foot pressure
tunnal (table III, fizs. 35 tc 36) showed that the
drag-coefficlent lncrements caussd by the wing-cannon
installaticn way be deccreased 0.00C3 or 0.0004 by
providing fairinzs simlla» to the ones that gave thke
least drag when 1installed on those models. The best
falred cannon for these three tousits caused approxi-
mately equal drag-coefflicient Increments regardlcss
of tho extension, positlion on the win;, or the airfoll
sectlon upon which they wore mounted. (See fig. 36.)

Several fairings and wvarious amounts of elr flow
were teoted 1In conjuacticn with wing cannon on a model
or the wing of the YA-4l alrplane in the Ames 7- by
10-foot tumnel (tabls III, flgs. 37 and 38). Nelther
the surface to which the alr was disciiarged nor the
amount of alr flow had any effect upon the drag-
coefficlent increment, at least at lnlet-~wvelioclty
ratios above CG.25. At a 1ift coefficlent of 0.2, the
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drag increment of the cannon with short fairings was
decreased 50 percent by providing alr flow through the
model, This was the lowest drag of any arrangement
tested on thils wing.

The falred cannon on the F-51B alrplane (table III,
figs. 39 and L40) caused a higher drag increment than the
unfaired installaticns on the F4U-1 and ¥67-3 airplanes
(table III, figs. L1 to L3). The adverse effects of the
unfalired cannon are probably partly masked by the
unusually rough wings on the latter two alrplanes.

Table III 1ndicates that the mfalred cannon
Installatlion cavssed more adve:se effect on the maximum
11ft coefflclent than the falred cannon, As a genersl
rule, the loss in maximum 1ift was greater with flzps
extendsd than retractad. Thos wilds Zalring on the
underslung canron on the XF2A-2 airplane (fig. 29)
decreased the maximum 1lift 0.99 (toable III) as compared
to a decrease of 0.0l for the narrow falring on the
underslung Iinstallation and “or the partly submerged
Installation. A sultably falred underslung cannon
installatlon, thesrefors, need not result in an apore-
clably greator loss in wmaximum 1lif% coefflcient &}

a partly submerged 1nstallation.

CONCLULING PEMARKS

From the cnalysls of the effects of winzg-ermament
Installations cn the 1ift and drag characteristica of
alrplanes, the following gensral statements appear to be
Justified:

In order to decrease the drag-coefflclent increments,
alr flow should be provided through gun ports. A
suitable exit ventshould also be provided to minimilze
the legkage lcsses. The drag of a gun rort lncreases
as 1ts helght increases, but a gun port with a helght
no greater than anproximately one~tenth of the wing
thickness should cause little or no addltlonal drag.
In order to obtaln the smallest drag lncreass, gun ports
should be located on or slizhtly below the chord line
of the wing. Gun ports that satlisfy the preceding
condlitlions should have 1littls or no effect on elther

1
drag or maximum 1ift., A gun port 165 percent of the
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wing thickness in helght, ceatered slightly above the
chord 1line, and wlthout air flow, cuused a drag-cosafflicient
inzrement of 0.0018, wherees auother gun nort 26 vsrcent
of the wing thickness In helght cecreassd Lths maxlnua

11 ft coefliclent by 0.12. Tt is rnossible to use a gun
ovening larger ttan 10 parcent of the wing thickness

with a mInimum of drag Increase, hovever, provided a
falred nose-alr-intalze share 1is used.

Skort, falred zun extenslons located on or near
the chord line czvsad the lcwz2st drag-coeriflclent
increments of nrotruding nachine~gun Installatlons.

A falred gun sxternding !} =ercent chord ahead of the
leadlng eodge of tre wirg and located 0.02 cherd above
ths chord 1llne caus<d a Arag-coefficlert *ncrement of
only 00,0001, whersai tn nlairsd gun centered on the
chord line with & 19-percout-chord extsnsZlon caused

en increment of 0,.0310. T.e& Arug increments of guns
rnounted below the wing were excessive in every case;
for ezemple, one suci installaticn caused wn lncrement
of 0,uCG3g.

The drag-coefficlent incrsments causzd by cannon
installations on the wingz were decrsased 0.G003 or 0.000l
by faliring tle canno.n into the wing, Caanon mounted
below the wing caused incremenbts of 0,0033 or nearly
four times tlre ircrement of an uvnfaired iqstalla*tion
ncunted oa tke wing. PFalred cauncn locatz2d on ths wing
censarcally had 11itle or no adverse effcct on maximun
11ft, but unfalred canron lccated cn trte wing and falred
canaon located below tle w'nz were found to decreass
mexlum 110t cooffizients hy as nwuch as 0,0,

Lengley Mamorial Aeronautlcal Laborabtory
National Advisory Comilttec Zor Aeronautics
Tanglev ¥izlé, Va.
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) TANLE I.- GUN-PORT INSTALLATIONS

Iesults
Oun-port |
Gun-port L J":"' Reynolde | Airfos1 |Wing | Oun-port | Entrance |Exit-area Tzt WO 0 W
onf! t1 beight ares ratlo,| ratlo Clmax
installation | FLERre [Ocnfigure fats| mmber | seotion |Ehor belent /e ‘./:1- relative to ) "
6  ‘maca 0.53 0.0001 %0,00003
1 XP-4TB T | 6.7 x 10 66,2115 8o 10.4 0.0013 5 On 5.0005 o,
10.9 0.0028 | 0.28 0 20.00015
FACA oOn
=63 ur |52 66(2215)-216%° 13.3 0.003, | 0.23 | 0.0008 20,00015
a7 0.0009 | 1.00 (] £0,0001
L 19-£4 XACA 0.0010 0
5 (mﬁ;ﬁd) rn 6.15 66,2018 355 15.6 0.0035 0.26 below 0.000% 20,0000
-1 13 2.8 25'3‘1’!: 36 19.6 0.00k3 | 0.25 on 0.0005 %0,0002 | i 0
8 @
g | ™ot e 1.6 ab e 1.3 0.0023 |-cowmmemes| 3202 |5 29,0002 | 0.07
’ 0.005 | o 19,0005 «0.06
10
‘ XRA-2 rmr 5.5 25071‘;‘ ) m a.6 0.0057 |-mevecem— L__nm : '
E‘ u 9 °|-°’" 0.0007 $0,0003 | ~0.01
She .bbr-vlttioul u..a -ppxy to the following tunnels:
low-turbulence tunnel NATIONAL ADVISORY
19-!‘!; re, hngﬂ 1: prouuo tumnel COMMITTER 'FOR ARRONAUTIOS
=80ale tunne

--,1:10.-1-1:,10-“»;--1
DBased on  Wing aren = (Lessl sherf)¥; oms gan; eatimated preeisicn slso given.
%Based on totsl wing ares, all guns.
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TABLE I.~ GUN-PORT INSTALLATIONS - Conoluded

Source Wing | Oun-port | Entrance- |Exit-ares | Oun-port Results
Gun~port | pyoung tguratiod ,Of |[Feymolds | Alrfoll |opsrgl ‘height [ares ratio,| rstic, | Position |rr=—rerogar—=n
installstion gonr ?:§| noumber ssotion (1n.)] (percent t) "./'=° ‘./‘1 "0%:::':1:: Do (:I): l(':?x
T — 12 0 gz 0.56 '
— Low-d NACA . *
rrr |3.8x106 36 25.0 : % on 0.0002 to. S—
== |, | = 661215)-213 28 . 00005
0.016
beloe’ | 0-0003 %0.0001
12.9 0.0031 o
14 0.9080 | 9.0008 0.0001
niCA | below
15 el LY, [ 635 6li,3x-320 | b8 on | 0.0009 20,0000 | .......
16 o _and
16.5 0.0043 0 0.0050 | 0.0018 10,0001
- abdve
0.0050 s .
and 0100 0.001Y %0.00a1
8
Compromise [+ )} t
log dreg 26.2 open. 0.0003 20,0002 | -0.12
17 Pe51B rer |65 vt I T PR Tope oo 0.0002 20,0002 | -0.05
18 : {(minimm
preseurs st 5.8 0.0004 0.0001 00002 -0.02
9he sbbreviations usad s;ply to the following tunnels: '
m-d!.-nl!.oml low-turbulencs tunnel 'm",‘ﬁ,""}gﬁ'mc.

, Langley
19-rt P, Tanglol J=foot pressurs tunnel
FST, Langley full-scale tunnsl

Ames 7 x 10, Mmea 7- by l0-foot tunnel

DBasad on  Wing savea = (Losal M)zl on® gun; satlmated precision slec glven.

OBasad on totsl wing ares, all guns.
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TABLE II.- PROTRUDING MACHINE-OUN INSTALLATIONS

Protruding Ning Oun Oun Machine-gun Results
machipe- Source of Reynolda Adrfoll ehord dismet tensi position
lutsﬁluon Figure | Configuretion ?:;n mmbsr ssotlon (1n.) (porc.:r.lt.:) (:mn:to:) .r;‘:;::znuto ACpg 8% Op, = 0.2 | ACr .
2.8 9.0260 0.0004 %0.0003 | -0.14
19 6 13.9 ° 0.026o 0.0007 £0,0005 { ==ewem
xr2a-2 ror 5.5 x 10 z,:fg; 9) 17 21.8
20 * 0.0050
15.9 above 0.0003 10,0003 . | -0,13
2. 0.0050 0.000l, $0.0003 | -0.09
21 Pran
% 2 (moditlea) | 19-ct yr | 6.2 €62om8 35.5 1.7 10.0 0,002 0.000}; $0.0001 0
22 0.0220
. NACA S 3.9 sbo 0.0001 10,0002 | -0.
E 2 Fr-3 8T 8.0 23015 105 {av.) loor) %
2 NACA
A 25 xp-63 i 6.0 661215)-116, | 24 13.8 19.1 oo 0.0010 $0,0000} | ——--—
a= 0.
¢ 2 xP-63 T 6.0 66(215)-116, | 24 13.8 19.1 0.1100 0.0016 10,00006
25 ) o =06 - * underslung o 0
¢ 2 NACA
’@ 25 P-£34 rer 6y 66¢215)-126 | T 13.8 15.1 9 ﬂ-g'm W_M_I
26 NACA
- - 6. 0.147e
K = XA=26 19-2t P2 | 3.6 65:222‘),.515. 22 15.5 -3 uncarslung 0.0026 $0,0006 0
Sealsd . 0.0020 1nbosrd o
28 Myp-3 Flight 106 | ewewenenaa= Susl 0.001: outbosrd
Unsealed 0 above =0.26
- : ) NATIONAL ADVISORY
Sthe abbreviations ussd apply to the following tunnals: “ FOR 4%z

ey full-soals tumnel
Langley l9=foot pressure tunnel

TDT, Langley two-dimensionsl low-turbulence pressurs tunnel

F8T, Langl

19=-£t PT,
bunsenled.
S3saled.
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TABLE III.- WING=CANNON INSTALLATIONS

uw# Oannon
- v Roo: diameter| Cennon
e, | Remeria | rigure omnsunual o35 | Boxmelts | atrell t(!hE‘ﬁ)l ?rum.:' )“ Sxteelon |, 43:) Nlatie Jemmit
. o
(a) peros perosnt ¢) hnn. ACp, at Cp, = 0.2 | a0p,
Falring 1 0.0046 %0,0007 | -0,09
% . 29 # wa | o | Underslung hﬂ, {2:
2 .
Pairing 30 XP2a-2 rer |55 x 1 230(13.9) 7 o 0.0038 0.0007 | -0.0%
==EE> Submerged 69.1 L9 on 0,001 20,0007 | -0.04
i a 26.0 0.000h $0,00002
WAC 0.0060
S R | 20-mm oz |60 65,3 a7 16.5 0 | velow 0.0006 40.00003
% 2 cannca L. 0.0008 30.0000k| ~~e=a~
RACA 3% 38.2 3.1 0.820 20,0000}
66(215)-216 . below 0.0009 20,
v SRR A A A [ [ [ —— [ 0.0008 0, 0000k
Pairing 4 0.0005 0.902 | ©
xmlhc-2 | 19-f% 5,5 16.2 percent 39.7 31.5 Below 0.0002 20.0002 | 0.02
Fairing B| 36 r thiok f,
NN e —
- o 0.0005 #0.0001 | -0,08
- tafalred
3% | | eeee- weeacanemeen | =0,26
" o 5.4 0 0.0005 #0.0001 | o,04
AGA
ﬁ rairing | 0 b33 e | 6-15 H‘Sms)'“m's 39 10.3 o 5 o | o2
outboard
° 0,0002 #0.0001 | o0.02
Esscrvack
fairing 35 0,07

Sae abbrevistions used apply to the following tunnels:
P37, langley full-esale tumnel

1 h P?, Langley 19=foot asure tmnel
A=l 7 % 10, Anoz T= by log?ut tumnel

tangley two-dimensional low-turbulence pressure tummnel

WATIONAL ADVISORY
COWNITTEE FOR ARRONAUTIOS
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L ] TANLE TII- WING-GANNCN INSTALLATIONS - Conolwled
b AT Memarks "l"‘o-nmu- of | Memolds Alsfudl Bt feirine | extensica |, .0f m&: Mot
installation data | mamber seetien  I(1n.) | (perceat t) |(perosat o)|(de8) 80 e [VDa SV 0L 02 M0,
“'!b ofatred 0 0,000 20,0002] ©
50 | 0,008 |—mmmmmemommemeem | -0.02
v P taoeta o | towa | 0.0002 #0.0002| 0.0k
Ehert 19-1¢ . o
* falring 36 - B |2 nidt B, % .6 ) 50 | .08 [—————] 0.5
outbosrd Delow
_% ’n‘ 0 | outboard 0.0002 20,0002 0.02
50 JRSUNDA— R
% '!- 0.57 0.0007 20,0000
.:l - o3 0.003¢ 0.0007 £0.0001
010
Bhert fairiags, thew
;; = 0,50 " 0.000h 0,000
Toog fairings, | 33 u- T 1q 635 G gatsge |18 | memeeemmeem- 2.3 0 —
A osy 0.0008 #0,0001
T Vet S |
e, °
“lll flow .
’ Sors friving, °::£: 0.0008 20,0000
Tong faivings, | sbove
e flow 0.0008 20,0001
3 g ssotim .
= | r518 rmr 6.0 Do |83 70.0 K5k ° o 0.0006 20,0002 -0.07
b0 swessare, 0.4}
. 2 0.012¢
.-égﬁl —| e Hol rer 7.6 200\ % 364 wnd 0 = | 0.0 o.c008) -0.06
k3 nl&xnd balow .
o » oA erenenancasne e ] crvommacess] O, 2o, ————-
—g o w%r3 rr (8.0 g e o oodk £0,0003

Ame abbreviations used spply to the followisg twmmels:

FIT, langley full-sesls twmel
y teo-dimusional los-turbulemss pressure tmmel

T, Laogle
i’-'?'r':'xm

19-foed tmnel
T= v lﬁ,z::‘?nl
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NACA ACR No.

L4L21 SIS

Figure 1.- Gun port on model of wing of
XP-47B alirplane. Gun-port diameter,
10.4 percent t.

Fig.
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CHORD LINE _
NACA C(UBIR/E AIRROIL SECT70N l_//

///””_’ EFT G PORT BELON CHORD L/INE J//”J

WOODEN PUNE WVSERTED /¥ TUBE
TO CHANGE GUN-PORT SHAPE OR pOSIT/ION

TYPICAL g 1 VEW,
(OMIENSIONS &/

Figure 2.- Qun-port lnetallations on model of wing of XP-63 airplane.
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NACA ACR No. L4L21 SRR, _Figs. 3a,b

gun-port dimensions ACp,
Helight wWidth
o 0.018¢c 0.033¢c 0
012 — + .0Rlc . +033¢ 0.0008
* I
/—.——Jw—_*ﬂ N
e — ~
s _uo //. \
I ©
: R «008 ‘r
-{ o 4
58 . P
=3 e—ot—o—
g: \— — e o — M-Q%-— —
38 .00k | . =
g o Plain-wing drag ‘\ :
/]
(4] ;
8 6 L 2 (4] - I
Distance from gun-pert center line, in.
ta) Gun ports on chord line.
gun-port dimensions
Helght width
o 0.0l2c 0.026c
«012 + .015c «027%7¢c
X «033¢c «033¢c
= <] : g
'= -uo xﬂ\ 1+ / x
.l, © .008 X: — S, / l\
E'E': *\+ }-—-+>' “\ Q—Plun-ung drag
es O]
°'3 S J- — . J :
84 =1 1 1"
2 00,
S 0
oo
[
w
(4]
L 2 o 2 4 é 8

' Distance from gun-port center line, 1in.

(b)-Gun ports 0.0l4c below chord line.

Figure 3.- Bpanwise drag varlation of several gun-port installations on
model of wing of XP-63 airplane. ¢, = 0.168 R = 6.2 X 106.



Figure 4.- Gun-port installations on wing of model of modified XP-41 airplane.
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Drag increment of vhis gun
port not measurable
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R

Figure 5.- Drag increments of gun ports on wing of model of modified
XP-41 airplane in Langley 19-foot pressure tunnel. R = 6.185 X 10°.

*ON YOV VOVN

121¥1

‘314

S



57 -scale model of XF4U-1 airplane.
Gun ports are of l-inch giameter with exits ahead of flap.

Figure 6.- Gun ports on
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Alrplane 1ift coefficlent, CL

Flgure 7.- Drag increments of gun ports on wing of model of xg4u-1-

airplane in Langley 19-foot pressure tunnel.

R=2.8X10
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WING CHORD LINE

COF SV PORT_

Figure 8.- Gun port on F4U-1 airplane.
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Figure 9.- Drag increments of gun ports on wing of F4U-1 airplane

in Langley full-scale tunnel.

R= 7.6 X 106.
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NACA ACR No. L4L21 ) Figs. 10a,b,c

%l BREECH FARING

LOUNTING-FOST [ARMNG

" (a) Low flush gun position.

BREECH FAIRMS

OLNTIMG-POST FAIRING
(b) High flush gun position.

-

T

>D>

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

FRONT VIEW SECTION A-A

(c) Typical gun sleeve.

Figure 10.- Detalls of gun mounts on XP2A-2 airplane.
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Figure 11.- Drag increments of gun ports on wing of xng-z alrplane in
Langley full-scale tunnel.

R

= 5.5 X 10°.
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NACA ACR No.

L4L21 S Fig. 1l2a

i 7’

- ) ~
=%

Type 3 NATIONAL ADWISORY

(a) Front view of three types of opening.

Figure 12.- Detalls of openings of low-drag gun port.




Front view,
(b) Type 3 opening.
Figure 12.- Concluded.
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Figure 13.- Drag increments of low-drag gun port in Langley two-dimensional

low-turbulence tunnel.

R = 3.8 X 106.
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Flgure 14.- Cannon ports on model of wing of XA-41 airplane.
(This arrangement also tested with 0.032c diam. holes 0.005¢c
above chord and 0.034c diam. holes 0.010c above chord.)

LINE

*ON YDV VOVN

814 121¥%1

LA



Figure 15.~ Machine-gun ports on model of wing of XA-41 airplane.
(These holes also tested centered 0.0082c and 0.0165¢c below
chord.)
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NACA ACR No.

ACDc

Drag-coefficlient
increment,

L4L21

Hole diam.
o 0.0R6c
+ .0R6¢c
X .026c
D +033¢c
o .033¢c

Position raslative
to chord line

0.016c below
.008¢c below

On

On and .006c above :

«008c and .010c above

~002 S —1—1 T & 4
— S

«001 | ! 1 4——1

e 7T |

I————————%———#-———JL———T — | I

ol I ] —

-.d -1 0 ol 2 .3 A

S8ectlon 1ift coefficient, (7]

Flgure 16.- Drag increments of gun ports on model of wing of XA-41 airplane

in Ames 7- by 10-foot tunnel.

No flow through ports. R = 6.38 X 108.



NACA ACR No. L4L21 U Figs. 17a,b,c

(a) Gun ports open.

- - w“

(b) Gun ports sealed with tape.

{c) Gun ports covered with metal plates

having holes of 5.3-percent thick-
ness to allow passage of . bullet.

Figure 17.~ Gun ports on P-51B airplane.
L



(3
o
§< o @Qun ports unsealed
9. + @un ports covered with tape, tape torn
o X 0.053t diam. hole in gun cover plate
[ % g 0001
(-
g8 ‘
|1 O _—-—-—q.
e I ——9 ; X E—
: = T [ |
. 0 — E:—-E-—F . \ﬂ
-.2 .1 o1 .2 .’ *

Airplane 11ift coefficient,

Cp

Flgure 18.- Drag increments of several gun-port installatlons on P-51B

alrplane in Langley full-scale tunnel.

R=6.5 X 106*
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_ i = vg line
Mounting pest fiiring oh — ¥
3 0.028¢c extension ohly §
=Aofc - -373¢ |
NATIONAL ADWSORY '
eReaERng COMMITTEE FOR ARONALTICS

Flgure 19.- Machine-gun extensions on XF2A-2 airplane. a = 0.026c or 0.005c)'
0.254c gun extenslon not shown.
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L . ]
Gun extension Height above
chord line
o 0.028¢c 0.026¢
+ »139¢ »02€6c
X »139¢c »005¢
o +254c +005¢
oOdl.‘ f ]
& COMMITTEE F
©o0
s
Q
wld
O a )
“E  .002
@
(-1 / 0
S /l Z
] O
oo
o - —_—
[ 5]
Q 0 |
-og o .1 .2 .’ .h

Airplane lift coefficlient, CL

Figure 20.- Drag lncrements of machine-gun installations on XF2A-2
airplane in Langley full-scale tunnel. R = 5.5 X 10%.
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NACA ACR No. L4L21 L ] Flg. 21

Figure 21.- Machlne-gun installation on model
of modified XP-41 alrplane.




NACA ACR No. L4L21 L, 0N Fig. 22

Flgure 22.- Service gun failrings on F6F-3
alrplane.
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(a) Sservice gun fairlngs on F6Fr-3 alrplane in Langley full-
scale tunnel. R = 8.0 X 10S.

.00, m

Drag-coefficient increment,

.002

j\ .
. A N —— - —
-2 -1 0 .1 2 3 4

Airplane lift coefficient, CL L .

{(b) Machine-gun installations on model of modified XP-4& alrplane
in Langley 19-foot pressure tunnel. R = 6.2 X 10°.

Filgure 23.- Drag increments of two machine-gun installations.
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(a) Gun mounted on chord line of model of wing of XP-63 airplana,.

Figure 24.-~ Machihe-gun installations for XP-63 airplane.
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(b) Machine-gun mount on model of XP-63 wing and on P-63A alirplane.

Figure 24.- Concluded.
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NACA ACR No. L4L21 . Figs. 25a,b

Drag-coefflclent increment, Acnc

o “'Uneealed inetallation

+ B8ealed inetallation
.00k +\r~ : -
%- -
0 (a) Drag increments of gun installation on P-63A glrplane
in Langley full-scale tunnel. R = 6.4 X 10Y.
O Submerged gun
.002r + Underslung gun

PN

+—1 \-r\ |~
O @.—" _-l-

M| FOR
Oy 2 0 2 L 6 .8

Bection 1ift coefficlent, ¢;, and alrplane 1ift coefficlent, Cy

(b) Drag incremente of two gun installations on model of wing of
XP-63 alrplane in Langley two-glmenslonal low-turbulence
pressure tunnel. R = 8.0 X 10°.

Filgure 25.- Drag lncrements of machine-gun installations on model
of wing of XP-63 alrplane and on P-63A alrplane.
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Figure 26.- Machine-gun mount on model of XA-26 airplane.
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Figure 27.- Drag increments of gun installation on model of XA-26
3.6 X 10%.

Airplane 1lift coefficient, Cy,

airplane in Langley 19-foot pressure tunnel.
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NACA ACR No. L4L21 TR . Pigs. 28a,b

(a) View of projecting gun in unfaired
condition with submerged gun removed.

(b) View of fairing 1 on submerged gun and
Grumman fairing on projecting gun.
Both fairings provide space around
gun barrel for cooling air.

Figure 28.- Gun fairings on F4F-3 airplane.
(From reference 6.)



NACA ACR No. L4L21

(c) View of faliring 2 (wide) on submerged gun
and Grumman fairing on proJjecting gun.
Both fairings provide space around gun
barrel for cooling alir.

Y AC
< 25426

(d) View of fairing 3 (narrow) on submerged
gun and Grumman fairing on projecting
gun. Both fairings provide space
around gun barrel for cooling air.

Figure 28.- Continued.

oub.




NACA ACR No. L4L21 U Figs.

(e) View of submerged gun in unfaired
condition and projecting gun with
Grumman fairing. Rubber grommets
installed around edges of faliring
and wing opening.

(f) View of faired wing opening for sub-
merged gun and Grumman falring on
projJecting gun. Both fairings pro-
vide space around gun barrels for

cooling air. R

Figure 28.- Concluded.
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; Q
DIMENSION |a c

(a) Underslung cannon installation.

(b) Submerged cannon installation.

Flgure 29.- Wing-cannon installation on XF2A-2 alrplane.
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Figure 30 ¢ full-scale tunnel. R = 5.5 X 106.
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Pigure 31.- Twenty-millimeter cannon installations on low-drag
and conventional alrfoll sections.
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Drag-coefficlent
increment, ACp

Drag-coefficlent
increment, Ach

L4L21 "SRR, Figs. 32a,b
NACA airfoll sectlon
66(2158)-216
-002 : 65,3-418 -
X 23018
-001 a— ?#/
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ol | I | | 1 |
(] .1 o2 .3 b .5 6

Bection 1lift coefficlient, c;

(a) Drag increments of cannon on three NACA alrfoll sections.

(o] Rough spot
+ Cannon extension 0.16b6c
Cannon extension 0.34lc
a 3 cannon extended O.166c
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001 [—tet: f
00N FOR *\f
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{b) Drag increment of two cannon extensions compared with drag

Sectlion 1lift coefficlent, ¢,

increment of rough spot on NACA 66(215)-816 airfoll

section.

Figure 32.- Twenty-millimeter cannon installations in Langley
two-dimensional low-turbulence pressure tunnel.

R = 6.0 X 106.
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FPlgure 33.- Cannon installations on XF14C-2 airplane.
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Flgure 34.- Cannon installatione on model or XFSF sirplane.
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(a) INBOARD CANNON.

Figure 35.- Cannon installations on modsl of YpqU-1 airplans.
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NACA ACR No. L4L21 L, ] Figs. 36a,b,c

O Falring A
+ Faliring B

aa//?

B
0 1 1 1 |
(a) Cannon installations on model of XFl4c-2 alrplane

in Langley 19-foot pressure tunnel. R = 5.5 X 10°.

)
b

o Unfalred cannon
+ Bhort fairings
4 % Long fairings -

e

) ) I — _l +

n
0 1

ACg_

Dreg-coefficlent
increment,
[ ]
o
8

(b) Cannon on model of XF4U-1 airplane in hangley l19-foot pressure
tunnel. R = 2.75 X 10°.

6 Unfaired cannon
+ Roundsd fairings
X Razorback fairings

5 I -
- S — ' | —\\*T\\\ |
| 1 A
1 R 1 T AN
-l 0 el «2 3 A

Airplane 1ift coefficient, Cj

{c) Cannon ilnstallations on model of XPre¢F alrplane )n
Langley 19-foot pressure tunnel. R = 6.15 X 10°.

Plgure 36.- Drag increments of several 20-millimeter cannon installations,
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(a) Short fairings and cannon.
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NATIONAL ADWVISORY
267C COMMITTEE FOR AERONAUTICS

(b) Long fairinge and cannon.
Figure 37.- Cannon and fairing installations on model of wing

of XA-4]1 airplane. Cannon are centered 0.006c and 0.010¢
above chord line. PRalirings are circular in cross sectlion.
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Figure 38.- Several cannon installations on godel of wing of XA-41 airplane in
Ames 7- by 10-foot tunpnel. R = 6.35 X 10°. Holes around cannon have 0.032c

and 0.034c¢ diameters.
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Mgure 39.- Cannon installation oA P-51B airplane.
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Flgure 40.- Drag increments of cannon on P-51B qigplane in Langley
full-scale tunnel. R = 6.0 X 10~.
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NACA ACR No. L4L21 S Fig. 42

Figure 42.~- Twenty-millimeter cannon mock-
up on F6F~-3 airplane.
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(b) Cannon on F4u-1 alrplane in Langley full-scale
tunnel. R = 7.6 X 10°.

Flgure 43.- Drag increments of several 20-millimeter
cannon installations.
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