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LL_‘:-‘?!ORAHDU;.I REPORT
for
Burcau cf Aeronautics, Navy Department
DRAG MIASURLIMEINDS OF A PRCTRUDING .50-CALIBXR
MACHIUS GUN WITH BAHREL JACKIZT REIOVED
By Arvo A. Lucnma
SUMMARY

Testz wero made in the HACA 8-foot hirh-speoed tunnel to

determino the draj reduction ponsible by elimlnating the

barrel jacket cf a oroutruding .50-caliber alreruft gun.

It wns found tnat the drag of a stenderd aireraft un
pratruding into the air streuwa at right antlec to the flow
cen bo reduced by 23 nurcent by discarding thro Lurrel jecket.
At 350 m1llss per Lioup and sea~level conditiona this wmounts
tc a drep in drag fronm 63 to 8 pounda and a decrease in
horsepcier ohsorbed by drag from T8 to 80 horscpover.

A rouch surface finish on the barrecl wag found to heve
ne adverse eflrcts un the drag of tho tarrel, the drag belng
actuLlly luse at high Mach nuambors. T aignificanco cf this
15 thut, ns Tar us acrodynanmic conslderations ere involved, a
barrel flinial: produced by a rourh machlnlng omeration 1e no
worso ~ but »roundly aomewhat better - thun one produced by a

fine wachining overvtion,

ILPROLUCTICY

At thc reguost of the Hursau of aeronauticc, “avy Nerartmeat,
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tests were made in the NACA 8-foot high-speed tunnel to detere
nmine the druzy recduotion possible by eliminating the bharrel
Jacket of a protruding .50-caliber aircraft gun. According
to the linvy Department, firing teats have shown that the dise
persior pattorne of a .50=caliber airceraft pgun whioh had been

wodi fied by reamoving the Jucket and cuhastituting a short

bearing fervard of the trunnion are equally as 7ood as those
of the atandsrd pgun.

I refereonee 1 the alr drag of a standard ,50-culiboer air-
oraft gun wus determined, &c well as the basic dutu neceszary to
permit the suleulation of the power tc drive such orotruding
quns when used in power-onerated turrets. In the »rasent tosts
similar detr were ohtained for a ,50eculib:r sireraft gun wlth
the barrcl Jucket removed. The effect on drug of roughness on
the burrel surface (e.g., roughness due to course machkining
opersticna) waes slso dstermlned.

APPARATUS AND METHOLS

Thesc tests were made in the NATA G=foot high-snead tunnel.
This 18 a single-return, circulur-section, olosed-throat tumicl
and has an airspeed continuoualy controllable from aporoximately
75 to mere than 500 miles wer hour.

A 50=0ullber alrerslt gun, which the Alreruaflt Armaneant Unit,
laval Alr Station, Norfolk, Va., modifled by removing the
barrel Jjacket, was used In the tests. Jlowever, tlhie short

Bearing, vhioh warn subastituted for the hurrel Jecket and which
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was located forward of the trunnion, wus not included on the
wind-tunnel model, With the gun pivotod as shown in figure 1
ond when verpendicular to the alr flow, the bearing would have
projected adpproximately 1 inch into the strecam boundary layer -
which 18 about 5 inches thick - on the tunnel wall, and the
incremzent of drag due to the protruding part of the beuring in
the low=veloclty alr of the boundary layer would be negligible.
Horeover, when the gun barrel 1s awunpg through un anzle ranzo,
the besring moves conipletualy out of tho alr ctream,. It was
decided, therefore, not to revresent tho bearing on the 1iodel.
The nodel setup snd the method cf testing were ths same as in
raefercrce 1, The smme angle range wus ccvercd but higher
spceds wero ineluded.
RESULTS AL DISSULSION
The follewing symdoles are uscd (goe fig. 1)@
engle made by the barrel of the muchine gun with the
perpendicular to the air flow; the enzie of the gun 1is
positive when the gun muzzle polinta into the air streas
length of pun protruding into air streuam, mecsurcd along
gun axls
Dy averare nutside diamcter of lensth of barrel [ rro-
truding into ulr atrcan

axial cross-secticn arze of barrel in sir straeung this

arsa is equul to L X Da
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drag coeffislent based on area A

erosz=wind force coualflcient bused on area A; (nee

fig. 1 for definition of positive direction) :

nrojection of length L en plane parnendiocular te
air flow (1 = L eos &)

distonce from tep of tunnel well to center of prossure
of resultant alr forece on gun uxis, measurcd parallel
te 1

eexxter-ér-pre!aure coelficlant (d/l)

veloelty in the undisturboed strean

apeed af scund

Hneh numbar (V./a)

The érug, oross-winc force, snd center=of=iragcurs conf-
ficlents for the ,50=caliber machine gun without barrel Juziet
are shown nlatted amalnst i{ach number in fligure 2 for scvernl
angles a. A8 ving the cuse in refercnee 1, the forec coof-
flclents er< hated on the axial orosc-sectlon arca of the sun
in the air stroenm, The arsa of the »lain barrel 1s about
33 percent less than the corresnonding area of the standyrd
Zun,

A eo:-._nart,on of the Cra; eoeffliclent varlation with lach
nwmber (fig., 2) for equal positive and nogativ: volues of
angle shows quite unexpeoted diffcronces. Excent for an
angle of 60", the curves for magles with the run burrel

pointing nft shaw the shoarp rise in druz cocllficlient
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aseoolated with Maoh mumbor elffncta for speveds beyond tho

critienl spoed. Ffor ths forward (poslitive) angles, howevur,

tlids rieo $in drag coefficient 1a :mich more grahunl or e¢ntirely

lrexing. an explanation for this difference 1ls not posrible
fru. tiie clata obtained. It may be suggesated, however, that,
in rteltion to the oorplioation of three-dimenzional rlo;,

the &tnoor in the cun barrel ana the alr leaskage throvirh the
smell olaarsnce gap betwoen the gun barrel and the tunnel

wall may have produced = or sided in »roducing - zufficient
chuanre in the type of &ir flow, und hence senaration phenomena,
about the pun to account for the difference In drag Lehuvior
for poasitive snd nepstive angles. One effect of taper in the
barrsl 1z thut zcctlions of tho burrel expesed to the alr.flow
are more gtroeamlinedwhen the gun nolirnts eft thun when it nointe
forward, Ailzo, when the sun noint: forward thers is a cross-
flow tendeney toward the trooch end and, when it volnts art,
towurd the muzsle end.

From the dats of firure 2 1t 1a evidont thut critical
Rerr.olds number offects, cherncterlzed by an anhreciable de-
ereace in Arug coeffliolent with inercusc in Reynclda numdor as
exermlilied by the dray, data for the unalotted replioa of
refarance 1, <1d not develop for the vialn barrel Leonuse of
the onset of oonpressitility phenomona at thogse spcede at
whieh the dra; decrense oould be expsated. Fer a given olze

of oyiinder, oritical Reynolds number effccts cur be made to
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occur at lower velocities by increasing the initial turbulence
of ths stream or by introducing rouchness en the surface of
the cylinder (reference 2). Rocourase was made to the
second of these methods in en effort to deecroc&so the barrel

arag. Roughneas was produced by shellmking tho barrcl sur-

face und then dusting no. 60 carborundum grains uniformly on

the wet shellco, when dry, the shellao firmly honded the
grains to tho berrel surface. as figure 2 iliuatrates, tho
disturbenco to the air flow introduced by the ocarhorundunm
particles was not sufficlently groat to docrensce the oritical
Reynolds number, A larger size of carbvorundum grain may have
shown ncre favorable results. Hovever, the teat does bring
out the faot that the dras of the barrol 1s not adversely
affected by roushness, being actuully less ut high Maoh num-
bers. This moans thut, as far as acrodynamic concicdorations
are involved, a burrel finlz.a produczd bY a rouzh nachining
operation 1s no worso = but vrobasly someihat better - than one
produced by a filnc machining oneratlon.

The dreg coefficient of the plaln barrel is ahout 2% per-
cont greater thu: that of tho standurd gun, but, since the ex-
roscd urea in the alr stream is reducod by 3L nercent when the
barrel Jacket i3 eliminated, there is an approciablo drop in
pounds of drag for tho gun without tho Jscicet. Tho propor
comparison of the drag of the machine gun with and without
barrel Jacket 1: breught out in figuro 3 in which actuanl drag
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in pounds is nlotted against spced for sea-level conditicns.

Fimures 3 cnd 4 aro tasad on the Arng coefficlent dats of

figure 2 rnd refervence 1 for a = 0°. In couverting ts z2a-

level conditlons, the datam wore computed for the correst hMesh
numder. The flcymords nurber for the flight scaelevel exeuple
differs slightly from the values obtaineld in the wind-tunnel
teat et tl.e amuae Hach nuaber, but the effcet of this differcnce
18 ineporecliable on tho vilue of tia~ drag=-force reduction due
to the elinminution of tas Jackut, By ellminutirg the barrel
Jaoket it te scen thiat thn drag of the pgur when vertical to the
air flow ir reoduced by 23 percent. At 350 1alles rer liour the
dron in dreg L2 fron 83 nounds to 6l pounds.  also inclucded
in fipure 3 15 the drig of the barrel wlhen rou hened atth
carborundu: gralns. Avove 400 miles per hour there is a de-
crease in drag cuoe to rourhkness on tho surface. This
improvemcut may be Cue to lesa wudverse separation clunrecter-
istlee when rourhnosa is introduced. Fimure li shows the
horsepcwer wbsorbad in alr drasg by a machine gun with aad
withovt burrel Jacket. Dliminuting the berrei jaciket do-
creases thc horsepowor ahsorbed in drag frcm 78 to 60 norze-
power at 350 mllcs per hour.

The ccnter-of-preegsure data shown in figure 2 are sone-
what less wccurate because of snuller forecs than the corre-
sponding date o th2 standard gun of reforenco 1. The Cp
curve for 65% aft was not fnirod beecuuse of tho coctter of the

test points.




CONCLUSIONS

By eliminating the barrel Jacitet of & .50-caliber air-
craft gui, the drag wes rcduced 23 persent; or, at 350 miles
per lLiour and soa-level condlitiorns, the drag ducreased fronm
83 to 64 pounds.

4 rough surface finlth on the gun barrel hed no adverse
.effects on the drag.
ngl.ey idemorial aeronauticel Taboratery,

Nationgl advisory Caumlittee fer ieroncutice,
Lensley Ffleld, Vr,, January 25, 1943,
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ADSTRACY

Tests were made in &-ft high-speed wind tumel to determine the drag reduction possible
by eliminating the barrel jacket of a protruding 50-caliber aircraft gun. It wae found
that the drag of a standard aircraft gun protruding into the air stream at right angles
to the flow can ba reduced by 23% by discarding the barrel jacket. At 300 mph and sea-
level conditione, this amounts to a decrease in drag of ‘from 83 to &, pounds. A rough
surface finish on the barrel was found to héve no adverse effects on the drag of the
barrel, the drag being actually less’ at high Esch Kumbere.
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ABSTRACT
Tests were made in 8-ft high-speed wind turmel to determine the drag reduction possible

by eliminating the barrel jacket of a protruding S0-caliber aircraft gun. It was found
that the drag of & standard aircraft gun protruding into the air stream at right angles
to the flow can be reduced by 23% by discarding the barrel jacket. At 300 mph and sea-
level conditions, this amounts to a decrease in drag of from 83 to &4 pounds. A rough
surface finish on the barrel was found to have no adverse effects on the drag of the
barrel, the drag being actually less at high Kach Numbers.
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