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MEIORANDUM REPORT

fop
Bureau of Aeronautics, Navy Department
DRAG MEASUREMENTS OF A PROTRUDING .50-CALIBE
MACHINE GUN WITH BARREL JACKET REMOVED
By Arvo A. Luoma
SUMMARY

Tests were made in the NACA 8-foot high-speed tunnel to
determine the drag reduction possible by eliminating the
barrel jacket of a vrotruding -50-caliber aircraft gun.

It wes found that the drag of a standard aircraft gun
protruding into the air stream at right angles to the flow
can be reduced by 23 percent by discarding ths barrel jacket.
At 350 miles per hour and sea-level conditions this amounts
to a drop in drag from 83 to 6l pounds and a decrease in
horsepower absorbed by drag from 78 to 60 horsepower.

A rough surface finish on the barrel was found to have

noc adverse eff

o

cts on the drag of the barrel, the drag being
actually less at high Mach numbers. The significance of this
is that, as far as gerodynamic considerations are involved, a
barrel finish produced by a rough machining oneration is no
worse - but probably somewhat better - than one produced by a
fine machining opersation. V

INTRODUCTICN

At the reguest of the Bureau of ﬁeronautics,}@vy Department,
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tests were made in the NACA 8-foot high-speed tunnel to deter-
mine tilg drag rgduction possible by eliminating the barrel
Jacket of a protruding .50-caliber aircraft gun. According
to the Navy Department, firing tests have shown that the dis-
rersion patterns of a .50-cgiiber alrcraft gun which had been
ied by removing the jachket and substituting a short
bearing forward of the trunnion arse equally as good as those
the standard gun.

In reference 1 the air drag of a standard ,50-caliber air-
craft gun was determined, s well as the basic datas necessary to
permit the celculetion of the power to drive such protruding
guns when used in power-operated turrets. In the »nresent tests
similar date were obtained for a ,50-caliber eircraft gun with
the barrel Jjacket removed. The effect on drag of roughness on
the barrel surface (e.g., roughness due to coarse machining
operstions) was also dstermined.

.
APPARATUS AND METHOQDS

These tests were made in the NACs 8-foot high-speed tunnel.
This is a single-return, circular-section, closed-throat tunnel
and has an airspeed continuously controllable from approximately
75 to more thian 500 miles per hour,.

A .50~-caliber aifcraft gun, which the Alreraft Armament Unit,
Haval Air Station, Norfolk, Va., modified by removing the
barrel jacket, was used in the tests. However, the short

bearing, which was substituted for the barrel jacket and which
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wasg located forward of the trunnion, was not included on the
wlind-~tunnel model., With the gun pivoted as shown ih figure 1
and when verpendicular to the air flow, the bearing would have
projected approximately 1 inch into the stream beoundary layer -
which is about 5 inches thick - on the tunnel wall, and the
increment of drag due to the protruding part of the bearing in
the low-velocity air of the boundary layer would be negligible.
Moreover, when the gun barrel is swung through an angle range,
the bearing moves completely out of the air stream. It was
decided, therefore, not to represent the bearing on the model.
The model setup and the method of testing were the same as in
reference 1. The same angle range was covered but higher
speeds were included.

RESULTS AND DISCUSSION

The following symbols are used (see Glg. ]

by the barrel of the machine gun with the
perpendicular to the air flow; the angle of the gun 1s
positive when the gun muzzle points into the air stream

L length of gun protruding into air stream, measuresd along
gun axlis

D average outside diameter of length of barrel L DYoo~
truding into air stream

A axial cross-section area of barrel in air Stream: this

4rea 1s equal to L X D,
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CD drag coefficient based on area A
bc eross-wind force coefficient based on area A; (see

#

fig. 1 for definition of positive direction)
1/ Projection of length L on plane perpendicular te
alr flow (1 = L co8 a)
d distance from tep of twmnel wall to center of pressure

of resultant air force on gun axis, measured parallel

te 1
Cp center-of-pressure coefficient (&4/1)
Vo velocity in the undisturbed stream
a 8peed qf sound
i Mach number (Vo/a)

The drag, cross-winé force, and center-of-vpressure coefl-
ficients for the ,50-caliber machine gun without barrel Jacket
are shown plotted apgainst Mach number 1n figure 2 for seversal
angles Q. As was the case in reference 1, the force coef-
ficilents ars baced on the axial cross~section area of the gun
in the alr stream. The area of the plain barrel 1s about
38 percent less than the corresponding area of the standg4rd
gun.

A comnari%on of the drag coefflcient variation with Mach
number (fig, 2) for equal positive and negative values of
angle shows quite unexpected diffesrences. Execent for an
angle of 60°, the curves for engles with the gun barrel

pointing aft shew the sherp rise in drag coefficlent
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associated with Mach number effects for speeds beyond the
critical speed. For the forward (positive) angles, however;
this rise in drag coefficient is much more gradval or entirely

lacking. an explenation for this difference is not

[

from the data obtained. It may be suggested, however, that,
in addition to the complication of three-dimensional flow,

the taper in the gun barrel and the air leakage through the
small clearance gap between the gun barrel and the tunnel
wall may have produced - or sided in producing ~ sufficient
change in the type of air flow, and hence separation phenomena,
about the gun to account fof the difference in drag behavior
for positive and negative angles. One effect of taper in the
barrel is that sections of the barrel exposed to the air flow
are more streamlinedwhen the gun points aft than when it voints
forward. Also, when the gun points forward there is & cross-
low tendency toward the breech end and, when it pointsvaft,
toward the muzzle end.

From the data of figure 2 it is evident that critical

Reynolds number effects, characterized by an appreciable de-

crease in drag coefficient with increase in Reynolds number as

g
exemplified by the drag data for the unslotted replilicaiet
reference 1, did not develop for the plain barrel because of
the onset of compressibllity phenomena at those speeds at
which the drag decrease could be expected. For a given size

of cylinder, critical Reynolds number effects can be made to
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oceur at lower velocities by increasing the initial turbulence
of the stream or by introducing roughness on the surface of
the oevlinder (reference 2). Recourse was made tc the

ol

second of these methods in &n effort to decrease the barrel

Qs

reg, Roughness was produced by gshellacking the barrel sur-

4

. 2 = =
ace and then dusting no. 50 carborundum grains uniformly on

the wet shellac. when dry, the shellac firmly bonded the
grains to the barrel surface. A& figure 2 illustrates, the

disturbsnce to the air flow introduced by the carborundum

particles was not sufficlently grest to decrease the eritical
Reynolds number. A larger size of carborundum grain may have
shown more favorable results. However, the test does bring

out the fact that the drag of the barrel is not adversely
affected by roughness, being actuelly less at high Mach num-
bers. This means that, as far as, acrodynamic considerations
are involved, a barrel finigh produced by a roush machining
operation 1s no worse - but probably somewhat better - than one
produced by & fine machining operation.

The drag coefficient of the plaln barrel is sbout 29 per-

cent greater than that of the standard gun, but, since the ex-

03

~

5 nercent when the

o

posed area in the alr stream is reduced by

"

=
\N

barrel jacket is eliminated, there is an appreciable drop in
pounds of drag for the gun without the Jjacket.  The proper
comparison of the drag of the machine gun with and without

parrel jacket is breught out in figure 3 in which scpual drag
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in pounds is plotted against speed for sea-level conditions.
Figures % znd L ars based on the drag coefficient data of
dbrure 2 and reference 1 for .a = g% In converting to sea-
level conditlons, the data were computed for the correct Mach
number . The Reynolds number for the flight sea-level example
differs slightly from the values obtained in the wind-tunnel

test at the sawe Mach number, but the effect of this difference

ble on the value of the drag-force refduction due

o)

$8 inappreci
to the elimination of the Jjacket. By eliminating the barrel
Jacket it is seen that the drag of the gun when vertical to the
gt flow 1s reduced by 23 percent. At 350 miles per hour the
drop in drag is from 8% pounds to 6l pounds. Al so included
in figure 3 is the drag of the barrel when roughened with
carborundum grains. Above 400 miles per hour there is a de-
crease in drag due to roughness on the surface. This
improvement may be due to less adverse separation chareacter-
istics when roughness is introduced. Figure l. shows the
horsepower absorbed in alr drag by a machine gun with and
without barrel jacket. Eliminating the barrel jacket de-
creases the horsepower absorbed in drag from 78 to 60 horse-
power at 350 miles per hour.

The center-of-pressure data shown in figure 2 are some-

what less accurate because of smaller forces than the corre-

sponding data for the standard gun of reference 1. The Cp

curve for 60° aft was not faired because of the scatter of the

test points.
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CONCLUSICNS
By eliminating the barrel jacket of a .50-caliber aire

craft gun, the drag was reduced 23 percent; or, at 350 miles
per hour and sea-level concdltions, the drag decreased from

| 8% to 6l pounds.

A rough surface finish on the gun barrel hed no adverse
.effects on the drag.

Langiey Memorial heronsuticel TLaboratory,

National Advisory Committee for Leronautics,
e - < s 1
Lengley Field, Va., January 26, 1943.

GLTD TN ot
RE;L‘ ED)..'LJ ORI

1., ZLuoma, arvo A.s Drag Messurements of a Protruding 0.50-
caliber Machine Gun. NACA A.C.R., July 1941,

2. Fage, A., and Warsap, J. H.: The Effecta of Turbulence
and Surface Roughness on the Drag of a Circuler Cylindere.
R. & M. No. 1283, British AsReCe, 1830,




Cross—wind force oyrectror i
as showr conssoered e yov‘/ Ve — /
o0 os/ e avrecror , pos/Frve

’

Top oF Funne/ \\ /

\éf\—/’/ﬁ‘/'ﬂg used fo pivot qur

A )

N Cross-wind _force T
Drog—  \ // 7
/] /

Resu/tant Force

Air Flow _ /7 /
/)

L=581

a A v < 2
weg) @y r9 n)  n) O
55

0205 255 )/46
/5% 98 24.e 24/ /. /F<F
2350 /188 23.8 fo6 / /38
45 T 2 /56 /. /30
260 e /5.6 9. l-/ /4

Pos/rve ornad regartive

arrectiorn oFf &

For negative ongles rhe some
leng th of barre/ as for the

Cortrespording pos/tire arrgles
/af‘of/-—z/o/eo’ Info Ahe o
S earr

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

F/yure /T Dimensions of o .50-calrber rmmaochrine gun borre/,




O 4 %ﬁ\x wn b (T e e R

2D Oy g0 umrelriy o sanbry




T85~"1




