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OUMMARY

Data obtained from tests of wmocels and airplanes
relating to the effects of various wing armament instal=-
laticns have beén collectied and dnalyze « Three types
of gun installation were consicdered; namsly, gun ports
(submerged machine guns), protruding machine guns,

one

and cannon, Data have been preseanted as drag-coefficient

Increments of ons gun based on en area equal tec the square

of the local wing chord and as incremental 1lifts for
the complete installation based on airplane (or model)
wing area,

The analysis of these data revealed that a wel
designed gun pert should have little or no efiect on
sither the drag or maximum 1ift of an airplane. A
well-designed gun opening in the leading edge of a wing
should not exceed cne-tenth of tne wing thickness in
height, shouléd have provision for air flow and be
fitted with a suitable exit vent, and should be located
on or a few percent of the chord below the chord lins.
Gun ports that did not fall in this catepcry were found
to cause drag-coefficient increments up to 0.0018 snd to
decrsase maximum lift coefficlent by as much as 0.12.

Gun openings at least up to 25 percent of the lozal
wing thickness in height may yield small drag increments,
however, provided a faired noze=-air-intake shape is uond.
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were located on or near the chord
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un to 0,001C, and guns mounted below the wing cause
increments of 0. OO)o. Gun extensions of at 1°ast
0.25 chord, however, were found to have less adverse
effect on ma <imum 1ift than shorter extensions.

The drag-coefficient increments caused by cannon
insta Wlatlons on the wing were decreased approxi-
mately 0,0003 or 0.0004 by fairing the cannon into
the wing and 1POV""LMQ air flow, Cannon lccated below
the chord line csused inecrements of 0.003%3, or nearly
four times the increment of an vnfaired cannon mounted
on the wing. Faired caninon located on the wing generally
had little or no effect on maximvm 1lift., TUnfalred
cannon located on the wing and faired caanon located
below the wing were found to docrease maximum 1ift
coafficients by as much as 0.09,.

INTRODUCTION

A number of investigations conducted by the

National Advisory Fowmltfee for Aeronautics during

the past few vears hiave dealt in part with the effects
of wing-armament Ln"*alla+10ns on the aerodynamic
characteristics of airplanes. The purpose of the

present report is to group these data in some logical
fashion to facilitate thzir analysis and to establish,
wherever possible, trends for correct design.

The armament installations consicdered fall logically

into three groups: gun ports (submerged machine guns),

rotruding machine guns, and cannon., An analysis of
th@ data revealed some definite trends that should bde
of considerable ald in the design of improved wing-
armament installations. A Aiscwsqion cf the test
results and of the wvarious factors affecting the
aerodynamic design of wing-armament installatlons 1s
given in the followlng se ctlons.

SYMBOLS

e

airplane drag coefficient

Q
=)

airplane 1ift coefficient

(@)
=
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cy sectlon 111t coefficient
Cdq section profile-drag coefficient
ACD . incremental wing-gun drag coefficient based on

% local wing chord squared

isc 1
2 \ “Dmocel + guns CDmodel
fele =

n number of guns
o} local wing .chord at center of gun installation
S wing area
1 maximum wing thicknass
h height of gun-rort opening
e extension of gun or cannon ahead of wing
Ly gun-port inlet ares
Ag exit area of gun duct
£ACy, increment (+) or decrement (-) in maximum

~max IRt coeiifiicient
R Reynolds number
of angular deflection of flap
Vo free-stream velocity
Vs gun-port inlet velocity

TESTS

The data presented herein were obtained from two~
dimensional wind~tunnel tests of rectangular wings,
three-dimensional wind-tunnel tests of scale models,
and full=-scale wind-tunnel and flight tests of airplanes.
For the two-dimensional tests, the drag was determined
by the wake-survey method lhd 1ift was determined by
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intsgrating the pressure along the floor and ceililing
of tche tunnel test section (referance 1). In all the
other tunnels, 1ift, drag, and moment were obtained
from balarnce measurcnents. Standard methods of spesed
determination were used in obtalning the flight-test
data,

PRESENTATION OF DATA

i

The 1ift- and drag-coefficient increments, together
with the important dimensions, are niresented in table I
for the submerged machine-gun installgtions, in table II
for the protruding machine-gun irnstallations, and in
table III for the wing-cannon installations. Drag-
coefficient 1nﬂr€msauu, detailed sketches, and photo-
graphs of the various 1lnstallations arse nresented in
figures 1 to h3.

The tables alone should not hs used to compare
the wvarious Installations but skovld be supnlemsnted
by comparing the nleots of drag-coeefificlent increment

against 1ift coefficlient. Because of experimental
inaccuracies and the variation with 1ift coefficlient,

the drag increments at any one 1lift uO@P“iul’ﬁt may not
rive a true indication of the relative merits of

12

difFerent 1nstalliations .

('_J

Iift effects are shown for only three-dimensional
models; the 1ﬁcrerenud1 coefficient is for the complete
armament installation and is based on total wing area.
In order to facilitete the analysis and use of the drag
data, howsver, the rements have been presented in
terms of the coeffi t ACDC.

il

1ne
Cle

n
PRECISION OF MEASUREMINTS

itate comparison of the data
obtalnvd in th@ different unnqmlb, probable errons in
drag-coefficient increment have been estimated and are
presented in tables I to ILI. The experimental aceuracy
was assumed to be 1 percsnt of the total measured drag
for all data not obtained by the wake-survev method.
This accuracy is thought to aporoximate the limits within
which a point may be checked, as cdetermined from past
expeipiteHicer
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In determining the error involved in the wake-survey

data, a slightly different procedure was followed. In
addition to a probable error of 1 percent in the drag-
coefficient increment, there was the possibility that
the spanwise drag curve might not taper off to the
correct plain-wing drag at either end. For each of the
tests made Ly the wale-survey method, therefore, the
error given in tables I to III was obtained from the
expression:

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

The values of the probable errors in the drag-
coefficient increments of armament installations as
measured on a wing model and on an airplane or model of
the airplane differ considerably. This difference
occurs because the drag of a gun installation on a wing
model often is of thz same order of magnitude as the
drag of the model, whereas the drag of the armament
installation on a complete airplane is but a very small
part of the airplans drag.

DISCUSSION

The discussion of the data presented is divided
into three sections: gun-port, protruding machine-
gun, and cannon installations. Under each of these
headings, the effect of ssveral significant rarameters
on the 1lift and drag characteristics of the model upon
which the guns were mounted is discussed. Although the
greater part of the discussion deals with the effect of
wing guns on the drag of the alirplane, maximum 1ift
effects are presented wherever available. The available
tests showed that the effects of wing-armament instal-
lations on the piltching-moment characteristics of an
airplane were negligible. Pitching-moment data,
therefore, are not presented.

In several cases, ths results obtained with gun
installations on airvlanes do not agree with the results
obtained with gun installations on models. The effect
of an actual gun installation depends to a large extent
upon the surface condition of the wing upon which it
1s mounted, because rough wing surfaces or pocr wing
construction may partly mask the adverse effects of a

CONFIDENTIAL
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rslatively poor gun installation., In order to find

the true effect of an armement installation on a
particular alrplane, therefore, full-scale data should
be used, Data from model tests are used in the deter-
mination of the separate effects of the various factors
that enter into the eroq*namLC design of a wing-
armament installatlon.

Gun Ports (Suhmerged Machine Guns)

The effects of a well-designed gun port on the
aerodynamnic characfer stlcs of a smooth wing are small.
The importent factors to be considered in the design of
such a gun port are dfsoussed in the following ordsr:
ths air flow through the gun ?OYt, the helght of the port
with respect to the wing thickness, and the position of
the gun nort with respect to the Jle chord line,

The effect of air flow on the dr
increment of a gun port was investiga by tests with
and without air flow on a model of the wing ol the
XP-lt7B alrplane (table I, fig. 1). At a 1lift coeffi-
clent of 0.2 without air flow the gun port caused a
drag-coefficient incremsnt of 00,0005, whereas the
same port with alr flow caussd an increment of
only 0,0001., From this result it appears advantageous
to provide fa sultablelexit vent, for the gun vort and to
permit the air to flow around the gun and to exhaust
at some point on the wing. In this test the ailr was
vented to the upper part of the aileron slot. In vrac-
tice, alr usually flows through the gun port, althouzh
a suitable exit vent is rarely provided. In most cases,
the air that enters the gun port leaks out into the air
stream through a wing joint or through the fuselage.

The advantage of having air flowing through the gun port
1s thus partly realized, -but the gain is often more than
offset by the nower required to overcome the loss
resulting from leakage, which csauses an external
disturbance, Inasmuch as some air almost always flows
through the port of an actual installation, the greater
part of the discussion will deal with the analysis of
the aerodynamic effects of other parameters with air
flowing.

The Wing of the XP-63 airplane (table I, figs. 2
and 3) and a model of the modified ¥P-li1 airplane

U
<7
=
=
HH
9
=
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2
of gun~-port height on the drag fficlent increment
caused by a gun port. (See reference 2.) Increasing
tte gun~port height is shown to increase the drag
increment, The drag increment for the gun port on a
model of the XF,U-1 airplane, which has a large inlet
height (table I, figs. 6 and 7) was about the same as
the increment for the larger gun port on the model of
the modified XP-hl alrplane. From inspection of these
data and of those for the XP-47B wing section, gun
ports having a height up to arproximately 10 percent
of the wing thickness (0.10t) appear to cause little or
no increase in the wing drag. Tests of the FLU-1
(table I, figs. 8 and 9) and XF2A-2 (table I, figs,10
and 11) airplanes in the Langley full=-scale tunnsl show
lower drags than would be predicted from model tests.
Inasmuch as the wings of these airplanes were unusually
rough, it might be exvected that the adverse effects
of large gun-port heights are partly masked in these
cases.

(table I, figs. l and 5) were tested to find the effect

A low=-drag gun pvort wlth three types of front

opening was developed (table I, figs, 12 and 13, and
reference 3) to obtain a gun port having a height that
was large with respect to the wing thickness and yet
having low drag. The gun openings, which are 25 percent
of the thiclmess of the bulged portion of the wing in
height, owe their low-drag properties to a faired nose-
air-intake shape at the entrance, These inlets were
designed by use of the findings of the tests reported
in reference lj. If it is necessary to have an opening
that is large with respvect to the wing thickness, a
similar faired nose-opening shape should be used,
Large openings may possibly be avoided by moving the
breech of the gun for aiming rather than the muzzle.
Small openings and consequently low drag incremsnts
would then be possible,.

In order to determine the effect on drag of th
position of the gun ports with respect to the chord
line of the wing, a comparison was made of the drag-
coefficient increments for the gun ports 0.5 percent
chord (0,005c) and 2.5 percent chord (0.C26c) above
the chord line of the wing of the XI2A-2 airvlane
(table I, figs. 10 and 11, and reference 5). The gun-
vort position nearer the chord line was found to result
in the smdller increment. Similarly,sit ds' sesn Trom
tabls I and figure 3{(a) that & gun port 0.018c high

4
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by 0.033¢c wide centered on the chord line of a model

of the wing of the XP- 65 airplane caused a neclwglble =
increase in drag. Comparison of the spanwise drag

survays for similar gun ports on and slightly below

the chord line (fig. 3), however, showsno important

difference resulting from positions on the chord line

and below the chord line. Because of the limited travel

of the survey apvaratus, it was difficult to obtain

a complete °panwise drag survey for these gun ports,

but reasonable estimates of the extent of the curves

and the area under them (proportional to the drag

increment) may be made. Gun ports 0,012¢ by 0.026c

and 0,015¢ by 0.027¢ centsred 0,0l4c below the chord

line, both of which are smaller in he eight and width

than the 0.018c¢ by €.033¢ gun port on the chord line,

caused somewhat larger drag increments than the gun

port on the chord line. The 0.0335¢c by 0.053c gun

vort centered below the chord line, however, probably

has a slightly smaller drag tkhan the 0,021c by 0.033%c

gun port on the caord line. These results indicate

that gun ports centered on or slightly below the )
chord line caused smaller drag increments than gun
ports centered above the chord line., A reasonable
explanation for this conclusion mayv be obtained from
consideration of the stream lines about the wing at
the cruising 1ift coefficient. If the cruising 1lift
coefficient is equal to or greater than the design
1ift coefficient of the wing, the stagnation point is
at or slightly below the chord line, Gun ports
centered above the chord line, in a high-velocity
region, thus have more adverse effect than gun ports
located in the low-veloclity region in the neighborhood
of the stagnation point.

he drag-coefficient increments for gun ports on
a model of the wing of the Xa- Ll ‘airplane, where no
al flow was prov1dcd (table I, figs. 1l to 16), showed
that the gun ports on or near thu chiord line caused
larger drag increments than those above or below the
chord line, and these drag increments without air
flow in nearlv every case were much larger than any

, 1
measured wilth alr flow. One such gun port, 165 percent =

of the wing thickness in height and centered slightly

above the chord line, caused a drag=coefficient increment -
of 0.0018, Without alr flow, the gun ports on or near

the chord line, depending upon their size, probably

CONFIDENTIAL
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spoil flow on both surfaces, whersas gun ports above or
below the chord line spoil flow on only one surface.
The gun ports above the chord line caused larger drag
increments than gun vorts ceatered below. the chord

line even without air flow.

Three gun-port configurations were tested on the
P-51B airpnlane in the Langley full-scale tunnsl
(table I, figs. 17 and 18). The gun port was tested
(1) in the service condition (gun port open),

(2) covered with tane that wes torn to simulate the
conditon after firing, and (3) covered with metal

rlates having holes just large enough to allow the
passage of a bullet. The results of these tests are
given in table I and figure 18, Ths taped gun ports
increments than the service
ates having small holes resulted
tested on this airplane.

gave slightly lower drag
gunsports, The cover pl
in the best arrangemsnt
An sxamination of the effect of the wvarious gun

ports on the maximum 1ift ccefficient (table I) indicates
that few of the installations had serious adverse effect.
The large loss in maximum 1ift coefficient of 0,12 on

the P-51B airplane probably occcurred because the gun
port was 26 percent of the wing thickness in height.

Protruding Machine Guns

Because of space limitation or other considerations,
it is often necesgsary to install machine guns that
protrude ahead of the leading edge of the wing. The
most important variables affecting the design of a i
protruding machine-gun installation from aerodynamic |
considerations are the position of the gun with respect
to the chord line and the extension of the gun barrel
ahead of the leading edge of the wing.

Several gun extensions and two vpositions with
respect to the wing chord line were tested on the
XF2A-2 airplans in the Langzley full-scale tunnel
(table II, figs. 19 and 20). An extension of 0.028c
caused a lower dresg-coefficient increment than a
0.139c extension, but the drag of the 0,159c extension
was essentially the same as that of the 0.254¢ extension.
The 0.139c extsnsion was tasted 0.005¢ and 0.C20c above
the chord line. The position nearer the chord line

CONFIDENTIAL
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vielded the lower drag increments. Protruding machine-
gun installations were also tested on g model of the
modlfied XP-lj1 airplane and on the F6F-3 airplane
(tabie IT, figs. 21 te £€3). The 0,100c extension on
the modified XP-L1 airplane caused about the same drag
as the 0,159¢c extenslion 0,005¢ sbove the chord line of
the wing of the XF2A-2 alrplane, The lowest drag-
coefficient increment for protruding machine guns

(AJj = 0, OJCl) was obtained with the h—nerc$n+ chord

extension mounted 0.02c above the chord line of the

wing of the Po“-4 airplene,  For these tesgtsl, the guns
were provided with a well-designed sqooth fairing.
Thes@olte gun extension on th XP-6% wing model
(table II, figs. 2L anC 25) caused the highest drag-
coeff¢01unu Inerement (ACEC = 0,00IO) of any protruding

gun mounted on or near ths chord line, The large drag
increment of this installation is dus to the laminar
flow that was spoiled on the low~drag wing. From the
foregoing results, it appsars that short well-faired
gun extensions and mounting positions on or near the
chord line will have the lowest drag

Underslung machine guns were tested on a model of
the wing o” the XF-63 cirplane, on the P-63A airplane,
and on a model of the XA-26 airplane. Sketches and
drag data for these arrangements are pressnted in
table II and figures 2k to 27. A comperison of the
drag of the underslung arrangements and the drag of the
arrangements having zuns ‘Lva 2t .or near the  choerd
line (table II) shows that the drag-coefficient
increments caused by the underslung guns, often as
mech as 0,0038, are excessive., At a 11f¢ boefL c
of 0,2, the underslung arrangement on the XP-63 w

odel csussed an increment arproximately 60 percen
greater than the gun mounted on the chord line.
figs 25.) ,The installation on the P-63A airplane,
which represents the manufacturer's best attempt to
reproduce the model installation, caused a drag
increment approximately twice that of the model instal-
lation. Sealing the ejection slots and the annular
space between the gun barrel and fairing on the airplane
reduced the drag increment of this installation slightly.
The poor agreement between the installation and the model
installation tested in the Langley two-dimensional low-
turbulence pressure tunnel is probably due to leakage
around the barrel through the holes in the cooling
jacket on the actual installation.

i
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Some observations concerning the effect of gun
extensions on maximum 1lift may be made by comparing
the decrements measured on the ¥F2A-2 airplane in the
Langley full-scale tunnel (table II). The 0.028c
extensions mounted 0.02€c above the chord line decreased
the maximun 1ift coefficient 0,1y, whereas the 0.1%9c
extensions mounted 0.005c¢ above the chord line caused a
decrease of 0.13. he 0.25lic extension, however,
mounted 0,005c above the chord line decreased the
meximum 1ift coefficient by 0.09. It apprears that gun
extensions of at least C.25c¢ are less detrimental to
maximum 1ift than shorter extensions - probably because
the separation at the tip of the short extension passes
closé to the uvpper surface of the wing and spoils the
flow, whereas this separation for the long guns passes
farther above the wing and has less detrimental effect.

A number of wing-gun fairings were tested in flight
on the FLLF-3 airplane to improve the maximum 1ift and
stalling characteristics. (See reference 6.) Photo-

raphs of the various fairings are presented in fig-
ure 28. Tne addition of unfaired guns to the otherwise
clean airplane caused a considerable increase in
stalling speed. Tests of a number of fairings indicated
that a faired sealed opening for the submerged gun and
a sealed fairing on the protruding gun resulted in
practically no change in stalling speed from that of
the plain wing and also alded in correcting the poor
stalling characteristics of the alrplane. Unsealing
these fairings, however, caused a loss in maximum

1ift coefficient of 0.26. The pertinsnt data for

these arrangements ars given in table II.

Wing-Cannon Installations

Wing=~cannon installations may be best compared on
the basis of the mounting position with respect to the

chord line, the type of cannon fairing, and the provision

for air flow.

Two underslung and one partly submerged cannon
installations were tested on the XF2A-2 airplane in the
Langley full-scale tunnel (table III, figs. 29 and 30).
At a 1ift coefficient of 0.2 the best underslung
arrangement caused a drag-coefficient Increment
(ACDC = 0.0058) 170 percent greater than the partly
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12 CONWIDENTIAL NACA ACR No. LLL21

submerged installation. This result again shows that
the dragscf underslung arrangements are excessive.

Cannon installatlons on a conventional airfoll
section and several low-drag sections were tested in
the Langley two-dimensional low-turbulence pressure
tunnel (table III, figs. 31 and 32)., As might be
expscted, the lncremsnt in drag coefficient was greater
on the low-drag sections than on the conventional
section since more laminar flow was spoiled on the low-

drag sections (fig. 32{a)). Tests with two different
cannon extensions and with 9 roa*n spot on the leading
edge of tha NACA £6(215)-21 f0il section yislded

approximately eéqual drag incr .unts (fig. 32(b)).

The rough snot, which was made un of carborundum

grains haVLng an average diametsr of 0,01 inch

atta hed to the airfoll with shellaec, covered the

same area as the cannon having the 0. 160 extension.

The results indicate tkat when a considerable amount

of leading-edge area is covered by the armament instal-
lation, the emount of flow speciled by the interference
at the juncture of tne cannon and wing is more important
than the extension anead of ths wing. At higher 1lift
coefficients the drag increments of the cannon exceeded
that of the rough spot. Seraration of the flow from
the protruding cannon and the increased frontal area of
the cannon are responsible for this increase in drag.

A1l tests of models of the XF1LC=-2, XFEF,

and XFLU-1 airplanes in the Langley 19- foot pressure
tunnel (table III, figs. 33 to 36) showed that the
drag-coefficient increments caused by the wLno—Paﬁnon
lnst811atlon may be decreased 0,00C3 or 0.000L oy
providing fairinzs similar to the ones that gave the
least drag when installed on these models., The best
faired cannon for these three tests caused approxi-
mately equal drag-coefficient increments regerdless
of the extension, position on the wing, or the airfoil
section upon wh ch they were mounted. (Sse fig. 36.)

Several fairings and various amounts of air flow
were tested in conjunction with wing cannon on a model
of the wing of the XA-L41 airplans in the Ames 7- by
10-foot tuanel (table III, figs. 37 and 38), Neither
the surface to which the air was discharged nor the
amount of air flow had any effect upon the drag-
coefficient nc“ement at least at inlet~velocity
ratios above 0.26. At a 11ft coefficient of 0.2, the

CONFIDENTIAL
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drag increment of the cannon with short fairings was
decreased 50 percent by providing air flow through the
model, This was the lowest drag of any arrangement
tested on this wing.

The faired canron on the P-51B airplane (table III,
figs. 39 and L0) caused a higher drag increment than Ble
unfaired installations on the FU-1 and F6F-3 sirplanes
(iBeble 111, figs. 41 to L43). The adverse effects of the
unfairsd cannon are probably partly masked by the
unusually rough wings on the latter two ailrplanes.

Table III indicates that the unfaired cannon
installation caused more adverse effect on the maxlimum
11t coefficient than the falred cannon., As a general
rule, the loss in maximum 1ift was greater with flaps
extended than retractad. The wide fairing on the
underslung cannon on the XF24-2 airplane (fig. 29)
decreased the maximum 1ift 0.09 (table III) as compared
to & decrease of 0.C4 for the narrow falring on the
underslung installation and for the partly submerged
installation. A suitably faired uncderslung cannon
installation, therefore, need not result in an apore-
ciably greater loss in maximum 1ift coefficient than

a partly submerged installation.
CONCLUDING REMARKS

From the analysis of the effects of wing-armament
installations on the 1ift and drag characteristics of
airplanes, the following gensral statements appear to be
justifled:

In order to decrease the drag-coefficient increments,

air flow shoulé be prcvided through gun ports. A
sulitable exlt ventshould also be provided to minimiz

the leakage losses., The drag of a gun port increases

as its height increases, but a gun port with a hsight
no greater than anproximately one~tenth of the wing
thickness should cause little or no additional drag.

In order to obtain the smallest drag increass, gun ports
should be located on or slightly below the chord line

of the wing. Gun ports that satisfy the preceding
conditions should have littls or no effect on either

=,
drag or maximum 1ift, A gun port 165 percent of the
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wing thickness in height, centered sligk
chord line, and without air flow, caused a drag-coeificient
inepement of 0.0018, whereas another gun nort 26 percent
of the wing thickness in height decreased the maximum

11ft cosfficient by 0.12. It is vossible to use a gun
ovening larger than 10 nsrcent of the wing thickness

with & minimum of drag increase, however, prcviced a
faired nose-air-intake share is used.

Short, faired gun extensions located on or near
the chord line csused the lowest drag-coefficient
increments of nrotruding machine~-gun installations.

A faired gun extending ;. nercent chord ahead of the
leading edge of the wing and located 0.02 chord above
the chord line caus2d a drag-coefficient incrsment of
only 0,0001, whereas an unfaired gun centered on the
chord line with a 19-percent-chord extension caused

an increment of 0.0010, "The drag increments of guns
mounted below the wing were excessive in every cass;
for example, one such installation caused an increment
of 0,0033.

The drag-coefficient incrsments caussd by cannon
installations on the wing were decreased 0.0003 or 0.000l
by fairing the cannon into the wing. Cannon mounted
below the wing csused increments of 0.0038 or nearly
four times the increment of an unfaired installation
mounted on the wing. Faired canncn located on the wing
generally had little or no adverse effect on maximum
1ift, but unfaired cannon lccatsd on the wing and faired
cannon located below the wing were found to cdecrease
maximum 11ft coefficients by as much as 0.09.

Langley Memorial Aeronautical Laboratory

National Advisory Comuittee for Aeronautics
Langley Field, Va.
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PBased on

CBased on

15-ft PT, Langley 19-foot pressure tunnel
FST, Langley full-scale tunnel

Ames 7

totel wing area, all guns.

x 10, Ames 7- by 10-~foot tunnel
Wing area = (Local chard)a;

one gun; estimated precision elso given.

COMMITTEE FOR AERONAUTICS

CONFIDENTIAL TABLE I.- GUN-PORT INSTALLATIONS
Source Gun- Results
- - it-area n-port
Gun-port of |Reynolds | Alrfoil |Wing | Gun-port | Entrance- |Ex 1t1 ACp, at Cp = 0.2] &C
instaliation | Figure|Configuration deta | number section ?l;grc)l ( ::if:: £) ar:a/z:tlo, ::;io, lative fo) o C b g
(a) P 1 1 chord line (b) (c)
0.33 0.0001 $0,00003
1 XP-L7B LTT | 8.7 x 106 66“50{1 80 10.4 0.0013 on --
I, 0 0.0005 £0.00003
10.9 0.0028 | 0.28 0 +0.00015
2 T Ay SRRV R o A V)
XP~63 LTT |5.2 NACA 50
3 66(2x15)-216 123 0.0034 | 0.23 0.0008 £0.00015
- L7 0.0009 | 1.00 0 $0,0001
b XP-41 19-rt NACA 0.001¢ 0
. = o1 e below
5 | (modirfea) |Pr |65 66,22018 [35°5 15,6 aioozs | 0.2 0.0005 0.0001
¢ XFLU-1 19-r¢ |58 NACA 36 19.6 0.0043 | 0.25 on 0.0005 *0,0002 0
7 Py i 23014 £ s
E
8 e 8 0.002¢
FLU-1 FST 7.6 ZN‘CA 98 1.3 050023 M lI==semanas abcse 0 £0.0002 0.07
9 3014
10 92t 1o £0.0003 -0.06
XF2A-2 FST [5.5 250§:§49) n 21.6 0.0057 |-
= L ¢ 2sg§§° 0.0007 £0.0003 -0.01
CONFIDENTIAL
8The abbrevistions used apply to the following tunnels:
LTT, Langley two-dimensional low-turbulence tunnel NATIONAL ADVISORY
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TABLE I.- GUN-PORT INSTALLATIONS ~ Concluded

*ON YOV VOVN

CONFIDENTIAL
. Source Gun-port Results
Wing Gun=-port Entrance- | Exit-srea P
Gun=port of Reynolds Alrfoll t1 position =
installation Eleageiijecntizunatlion deta | number section f?gf? (p:iiggz t) ari:/::tlo, Z:/A:' reletive to| 2CDc &t Cp = 0.2 8CLmax
(a) chord line (b) (c)
1, P 12 0.56
e Low=-dra 6 NACA 0.027 .
LTT (3.8x10 36 25.0 6 .52 On 0,0002 £0.00005 | =======
. gun por 66(215)=21 .02 3 . 5
S 13 (alo5e ) 2019 s
0.016c +
Holoe 0.0003 =0,0001
12.9 0.0031 0
1h 8;23§° 0.0008 %0.0001
Ames NACA
15 xA-l1 7x 10 635 6ly,3x-320 | 48 on 050009 £0,0001" | seiiiik
16 On &nd
16.5 0.0043 0 0.005¢ 0.0018 %0.0001
above
0.005¢ 4
and .010c 0.0014 =0,0001
above
Compromise Gun port +
low drag 26.2 open 0.0003 20,0002 -0.12
17 =y
peToant= i likns Wil swts b ns Tape +
P-518 FaT 6.5 thick 83 - rostr ) R IR On 0.0002 =0.0002 =0.05
18 (minimum
.00
i e 5.8 0.000} 0.0001 $0.0002 -0.02
CONFIDENTIAL

8The abbrevistions used arply to the following tunnels:

LTT, Langley two-dimensional low=-turbulence tunnel

19-ft PT, Langley 19-foot pressure tunnel

FST, Langley full-scale tunnel
tmes 7 x 10, Ames 7- by 10-foot tunnel

bBased on

CRased on total wing area, all guns.

Wing area = (Local chord)z; one

gun; estimeted precision also given.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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UONFIDENTIAL TABLE II.- PROTRUDING MACHINE-GUN INSTALLATIONS
Protrudlng Machine-gun Results
Wing Gun Gun (4
machine- Source of Reynolds Airfoil osition
Figure Configuration chord diemeter extension B 25
gun data number section relative to ACp, at Cp, = 0.2 AC
installstion (a) (1n.) {percentit) \percentic) chord line c 5 Imax
0.026¢
2.8 etove 0.000l *0.0003 -0.14
19 ‘ 13.9 e 0.0007 $0,0003 | ====n =
XF2 A-2 FST 5.5 x 10 NACA 72 21.8
20 230(13.9) 0.005¢ i
: 13.9 e 0.0003 *0.0003 -0,13
0.00
3, 25.} Al 0.000L %0.0003 | -0.09
& xp-L1 6 NACA 0.002¢ 0.000 £0.0001 0
23 (modified) 19-ft PT -2 66,2-018 355 1157 10.0 RS
22 0.022¢
M F6F-3 FST 8.0 NACA 203 | =emmese—=ae 3.9 above 0.0001 *0.0002 -0.05
23 25015 (av.) (ev.)
9 2l NACA
- XP=£3 TDT 6.0 66(215)-116, | 2L 13.8 19.1 On 0.0010 %0.00004 | ====-=
25 a = 0.6
£ 2l y s NACA 0.1i00 “
A Xp=63 TDT .0 66:}2&):216, 2l 13.8 19.1 Nfde Al 0.0016 %0.00006 | ===-==
p| 2 P-€34 FST 6Ly 66(219)-116 | T2 13.8° 15.1 0.110¢ 0.0038 #0.0007 | 0.01
25 (215)-11 underslung €0.0031 $0.0007 cessew
; 26 NACA
= = . £ 6.4 0.147¢ +
L= o XA-26 19-ft PT | 3.6 65&26()).515, 22 13.3 s Andersiide 0.0026 *0,0006 0
Sealed 5¢5 0.002c¢ inboard Y
28 F4F-3 Flight meewess, | esscssscana 106 ——————————— and 0.001¢ outboard ] ==——=re=cccarecen
Unsealed 0 above -0.26
8The abbreviations used apply to the followlng tunnels: NATIONAL ADVISORY
CONFIDENTIAL COMMITTEE FOR AERONAUTICS

FST, Langley full-scale tunnel
19-ft PT, Langley 19-foot pressure tunnel
TDT, Lengley two-dimensionel low-turbulence pressure tunnel

buUnsealed.
CSealed.
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TABLE III.- WING-CANNON INSTALLATIONS

Souto Wing Root di t ci gannon
Wing-cannon . of | Reynolds Alrfoll i il O 6 position Results
?-gﬂ seas |1 Casstiod © | BRI | WL ISbe, | etk o g I e
A . 0 a = . A
chord 1line De 9 Lmax
Falring 1 oot 0.0046 +0,0007 | -0.09
29 ¢ T T o e Underslung 0. ioc
Falring 2 XF2A-2 FST | 5.5 x 10 ¥ 2 0 below =
30 5eH 230(13.9) T 0.0038 $0.0007 0.05
Subme rged 69.1 L9 on 0,001, $0,0007 | -0.04
NACA
23015 26.0 0.0004 +0,00002
2L
NACA 0.006¢
______ —oml| NE31 20omn e | 6.0 65,3-418 21.7 16.5 0 | velow 0.0006 $0,00003
32 cannon 2.4 0.0008 #0.0000l| ==-===-
NACA 0.012¢
66(215)~216 36 38.2 3.1 e 0.0009 £0.0000l
Rough spot} | | 1 | eeemem——aea 0 o fes——ceacto 0.0008 +0.0000k
Fairing A 0.0005 #0.0002 0
16.7 0
33 N-T1
xrilc-2  |19:2t |55 16.2 percent | 39.7 31.5 intosry Below 0.0002 $0.0002 | 0.02
Fairing B 36 BT thick 2.9
outboard
O | e | e R — -| -0.07
0 0.0005 %0.0001 | -0.08
Unfaired
5 | | sreemccecacaean -=| -0.26
5.4 0 0.0005 £0.0001 0.04
Round 3h 19-rt S tnboard
falring 5 XF6F Pr | 6-15 65(318)-1(18.5 39 10.3 1$x.1<}{ - L |k e
outboard 7
Y 0.0002 10.0001 0.02
Razorbaok
falring 35
---------------- -0.07
27he abbreviations used apply to the following tunnels;
FST, Langley full-scale tunnel NATIONAL ADVISORY CONFIDENTIAL

TDT, Langley two-dimensional low-turbulence preasure tunnel

19-ft PT, Langley 19-foot pressure tunnel
Ames 7 x 10, Ames 7= by 1l0-foot tunnel

COMMITTEE FOR AERONAUTICS
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CONFIDENTIAL TABLE ITI.- WING-CANNON INSTALLATIONS - Concluded
Wing-cannon So::r-ec Reynolds Alrfoll Wing Root diameter| Cannon op pgm:zn Results
InateiNation Remarks Figure| Configuratiem data nz:ber sectien chord of fairing extension (deg) relative
(a) (in.) (percent t) |(percent c)|{d°8 to ACp at Cp = 0.2 | ACy
chord line s
0 0.0006 20,0002 | ©
Unfaired
50 0,001k |=mmcmecmceaaea ~0.02
= 28.4 below . &
Short o inboard 0 | inboara 0.0002 £0.0002 | O.
fatriag XFL4U-1 1921 | 2,75 106 e 36 143.6 and [—— and
36 20.0 50 | 1:Jo028¢e.,  [ecErEmsomE e 0.03
outboard below
Long 0 | outboard | 0.0002 #0.0002 | 0.02
fairing 50 ST O g -| o.05
Aot 0.0007 0,0001
Vo
v 0.005¢ 0.0007 $0,0001
2 =030 s g
Vo .010c
Short fairings, aboxe
B 05 0.0004 *0.0001
VE. Lo 37
B Ame 8 NACA e RN
Long fairings, | 3g WAL 1900 695 64,3x-320 | 48 %5 . ST
v
v—l' 0.57 0.0008 £0.0001
Shioelds, e 0.0010 $0.0001
no fairings, 0. 0!
no flow : . .
Short fairi 0.005¢
iy and 0.0008 $0,0001
+0L0c
Long fairings, above
no flow 0.0008 $0,0001
39 Low-drag section
g_. araane Y P=51B PST | 6.0 b Rt el KT 70.0 45.4 o | o 0.0006 0.0002 | ~0.07
2 0 pressure, 0.lc)
30.4
= 1 ¥ACa inboard 0.012¢
um..is‘ ....... PRy Fy0-1 st (7.6 Y 98 36.4 and 0 and 0.0002 $0.0003 | ~0.06
L3 20. .008l;
outbzlrd below
- T - PéR-3 psT [8.0 NACA 105 e R Bee 0 pimiasaatd 0.0004 #0,0003 | ~-eaee
T 5 L3 - 2305 picture
8The abbreviations used apply to the following twnnels:
FST, Langley full-seale tunnel CONFIDENTIAL NATIONAL ADVISORY

» Langley two-dimensional low-turbulenes pressure tunnel
19-ft PT, Langley 19=feot pressure tunnel
Ames 7 x 10, Ames T= by 10-foot tunnel

COMMITTRE FOR AERONAUTICS
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XP-47B airplane. Gun-port diameter,
10.4 percent t.

|
!
|
Figure l1.- Gun port on model of wing of
CONFIDENTIAL
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RIGHT &GLUN PORT ON CHORD EXHAUST VENT OF EACH GUN PORT ON UPPER

LINE SURFACE AT AILERON j%

CHORD LINE

TJ - NACA 6(2x/5)2/6 AIRFOIL SECT/oN ’/K—’/:—/

/_/LEF?' GULW PORT BELOW CHORD L JNE
E WOODEN PLUE INSERTED IN TUBE ¥

7O CHANGE GUN-POR7 SHAPE OR POSIT/ON

TYP/ICAL FRONT  VIEW OF GUN PORT.
(DIMENS/IONS E/VEN ON DRAG CURFES)

NATIONAL ADVISORY
CONFIDENTIAL COMMITTEE FOR AERONAUTICS

Figure 2.- Gun-port installations on model of wing of XP-63 airplane.
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NACA ACR No. L4L21 CONFIDENTIAL Figs. 3a,b

Gun-port dimensions ACp,
Height width
o 0.0l8c 0.033c 0
+ . ..021c «033c 0.0008
<012 S
+
= b
[ + AN
o / Ny
- (o] \
=i K= b
o / N
s . .008 7
3 + \\
oo v +
o © /| \
(e
-4 @70_0——9:_0;:1:6"0 G'_O\Q\O ‘o=o< 3
fol™) — - 1 e —— — — — — — — - — —
4 o0k 1y \ W —o—e't
Sio" 5 a4
8 o Plain-wing drag —|
(0]
0
8 6 L 2 0 2 L
Distance from gun-port center line, in.
ta) Gun ports on chord line.
Gun-port dimensions
Height width
o 0.012c 0.026c
«012 o+ «0Q1b5c «027c
X «033c +033c
3 =%
g o X\K ',(
TS5 008 A b e 1/ X
2 . X A \+\ X \x
o \+ —+>'/‘/0/18\@><+ \x,\ < Plain-wing drag
3]
s S I = = = it
O i "'*'Q——'
20 004
2 0
(S BN
Q
w -
ATIONAL AD Y
’ COMMITTEE FDR AERONAUTICS

L 2 0 2 I 6 8

Distance from gun-port center line, in.

(b) Gun ports 0.0l4c below ohoEd 1inas CONFIDENTIAL

Figure 3.- Spanwise drag variation of several gun-port installations on
model of wing of XP-63 airplane. ¢, = 0.16; R = 5.2 X 106.




)
am.
Section A-A b,.o28c di

s R
(I rer e - = ‘\\\\‘
o
E A
Section A-A
NATIONAL ADVISORY

CONKFIDENTIAL COMMITTEE FOR AERONAUTICS

Figure 4.- Gun-port installations on wing of model of modified XpP-41 airplane.
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ACp_

Drag~-coefficient
increment,

CONFIDENTIAL

Drag increment of this gun

port not measurable

. 001

N

TIONAL ADVISO —
T COMMITTEE FOR AERONAUTICS T_

-01

0 = | 2
Airplane 1ift coefficient, CL

” .h

CONFIDENTIAL

Figure 5.- Drag increments of gun ports on wing of model of modified
XP-41 airplane in Langley 19~foot pressure tunnel. R

6.15 X 106.
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NACA
LMAL 22987

i CONFIDENTIAL
5—scale model of XF4U-1 airplane.

Figure 6.- Gun ports on
Gun ports are of l-inch diameter with exits ahead of flap.
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Drag-coefficient

CONFIDENTIAL —
S
.002 E
Q
a
O
<
= .001
o )
o C N ¢ > ] o
: S 4 ﬂONAl ADVISORY
£ . COMMITTEE F?R AERONAUTICS
-.1 0 % § ol A 5
Airplane 1lift coefficient, CL
Figu?e 7= DFag increments of gun ports on wing of model of XFqu-1
airplane in Langley 19-foot pressure tunnel. R = 2.8 X 106.
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T ——— . eti— _—~‘

W/NG cHoRD LINE

WING CHORD LINE

& _OF &uN PoRT

3
T
f‘ NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

CONFIDENTIAL

Figure 8.- gun port on F4u-] airplane.
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a =
RN S)
g <
: prerr
o v
20 001
oo
L))
§ 283 NATIONAL
% COMMITTEE FORAAD il
@ 5 ERONAUTICS
b -e 1 0 ° 1 ° 2 ° 3 oh ° 5
Airplane 1lift coefficient, CL CONFIDENTIAL

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 CONFIDENTIAL Figs. 10a,b,c

jﬁ%ﬁﬂlfﬂ#%ws

N\ MOUNTING-POST FARING

(a) Low flush gun position.

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

,07¢c-—1
'/

> D

70oP VIEW

'L

e/ G

o Nl _JMMZEZ_é_____éé___
iy

_CHoRp LINE
NATIONAL ADVISORY

FRONT YIEW SECTION 4-A COMMITTEE FOR AERONAUTICS

5 (c) Typical gun sleeve.

Figure 10.- Details of gun mounts on XF2A-2 airplane.
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o - 002 NATIORAL ADVEORY

s COMMITTEE| FOR AERONAUTICB
£ \\
= 0.026c above cho
R + \
<o ,001 T ‘
g E G \ \/
EIJD § \ \"\ 3 4 — — 4
35 - s New
S 0.005c above chord line

- .2 - 1 o [ ] 1 [ 2 ° 3 .h

Airplane 1ift coefficient, CL CONFIDENTIAL
Figure 11.- Drag increments of gun ports on wing of XF2A-2 airplane in
Langley full-scale tunnel. R = 5.5 X 106.
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%{ |
¥
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* —>{ 3/ C
R
Type 1
ol

\ 1
—
Type 2
§ |
i
— +—\ e 7
M
- l—-—.osac
i/
T
Type 3 NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
CONFIDENTIAL

(a) Front view of three types of opening.

Figure 12.- Details of openings of low-drag gun port.
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Rear view.

&&W g ,’wnvﬁm«-“: :

Front view.
(b) Type 3 opening.

Figure 12.- Concluded.
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B 0 4 | o2 .3 L 5

Section 1lift coefficient, ey

CONFIDENTIAL

Figure 13.- Drag increments of low-drag gun port in Langley two-dimensional
low-turbulence tunnel. R = 3.8 X 106.

*ON ¥DV VOVN

1231¥%1

*31y

A



CONFIDENTIAL

032 ¢ did
Gae ./08c
034 c d/am.
_ i

WNACA
64,3x-320

WINE cHho

L

Figure 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.)
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|

.026 ¢ diam.

e —B WING CHORD LINE

Figure 15.- Machine-gun ports on model of wing of XA-4]1 airplane.

(These holes also tested centered 0.0082c and 0.0165c below
chord.)

CONFIDENTIAL
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NACA ACR No. L4L21 CONFIDENTIAL Fig. 16

Hole diam. Position relative
to chord line
o 0.026c 0.016c below
+ .026c. .008c below
X .026¢ On
o .033c On and .005c above
O .033¢c .00bc and .010c above
/IL— =4 pa g
£ =/ L =7
== / /
— N / 7
Y — = = t E !
= I =N | 1
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
S T
o l 88—
o
g \6_
Q B
-4
28 |
wd 2 001 .1_
gt o M I S W == I
0 E 3:::::_———4@—~‘“ +—_1 | |
S g | | R . i
(33 &1 ——
S q 0} © £»~,~#~__~ I
5T | G|
e 5l L
-oz -.1 o ol 02 03 ah

Section 1ift coefficient, el

Figure 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 = 6.35 X 106.
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NACA ACR No. L4L21 CONFIDENTIAL Fige. -17a;b,¢

(a) Gun ports open.

(b) Gun ports sealed with tape.

(¢) Gun ports covered with metal plates

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

Figure 17.- Gun ports on B=51Brairplane.
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Drag-coefficient

CONFIDENTIAL
.002 ' ’
= NPI[ IONAL  ADVISORY)] , '
(&) COMMITTEE FOR|AERONAUTICS
< o Gun ports unsealed
+ Gun ports covered with tape, tape torn
5 X 0.053t diam. hole ‘in gun cover plate
B .001
=
o B
X + )}_—i
O l \5‘ —— ¥ .- I \ﬁ-—J
e 2 - 01 - 1 ® 2 . 3 .

Airplane 1lift coefficient, S CONFIDENTIAL

Figure 18.- Drag increments of several gun-port installgtions on P-51B
airplane in Langley full-scale tunnel. R = 6.5 X 106°
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_& of qun blast jube

_ o _ Chord [ine
Mounting post fuirlng oh — &
S 0.028c  extension ohly §
t———o JOFC —————————— 273C
NATIONAL ADVISORY
TICS

CONFIDENTI AL COMMITTEE FOR AERONAU

Figure 19.- Machine-gun extensions on XF2A-2 airplane. a = 0.026c or O-OOSc;
0.254c gun extension not shown.
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Drag-coefficient

increment,

AC

CONFIDENTIAL

Gun extension

Height above
chord line

o 0.028¢c 0.026¢
+ «139¢c . 02€c
X +139c .005¢c
u] «254c -005¢
00k — conr PTIONAL apusof
OMMITTEE FOR AERD uTIcS
//F
.002 b
i\ 7
\F\\\\+ 1 :
7
X-\ Y — %
0 l xr E;;;E .
e a -e 1 0 . l 02 . 5 ° h

Airplane 1lift coefficient, CL
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Figure 20.- Drag increments of machine-gun installations on XF2A-2
airplane in Langley full-scale tunnel. R

5.5 X 10°.
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CONFIDENTIAL

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 21.- Machine-gun installation on model
of modified XP-41 airplane.
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NACA ACR No. L4L21 CONFIDENTIAL Fig., 22

Figure 22.- Service gun fairings on F6F-3
airplane.
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AC

Drag-coefficient increment,

CONFIDENTIAL
. 001
Q
a
0
(a) service gun fairings on Fep-3 airplane in Langley full-
scale tunnel. R = 8.0 X 106.
.00k b 1
NATIDNAL Ai/lSORY
MMITTRE FOR AERONAUTICS
.002
|
| ¥ | S
y e r 7
-e 2 ‘01 0 . 1 . 2 . 5 oh

Airplane 1ift coefficient, Cy, CONFIDENTIAL

(b) Machine-gun installations on model of modified XP—4é airplane
in Langley 19-foot pressure tunnel. R = 6,2 X 10

Figure 23.- Drag increments of two machine-gun installations.
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I AR
= i WING CHORD LINEY
1
L( ) NACA 66(2/5)-116,a = 0.6
e
= /96
NATIONAL ADVISORY
CONFIDENTIAL COMMITTEE FOR AERONAUTICS

(a) Gun mounted on chord line of model of wing of XP-63 airplan:.

Figure 24.- Machine-gun installations for XP-63 airplane.
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NACA 66(215)-//6,a =0.6

WING CHORD LINE

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Hbe

8 1

)

.254c

.350c

449 c| S77%

-fe3c 1.000c

!
08 Q|
N
,844———‘v§
Yok =
e
T,T}Q
§-§°\ L O/3a.006c
T o ”
S 3

(b) Machine-gun mount on model of XP-63 wing and on P-63A airplane.

Figure 24.- Concluded.
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NACA ACR No. L4L21 CONFIDENTIAL Figs. 2ba,b

0 Unsealed installation

(a) Drag increments of .gun installation on P-63A airplane
in Langley full-scale tunnel. R = 6.4 X 106.
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. Section 1lift coefficient, cy and airplane lift coefficient, CL

(b) Drag increments of two gun installations on model of wing of
XP-63 airplane in Langley two-dimensional low-turbulence
pressure tunnel. R = 6.0 X 106.

Figure 25.- Drag increments of machine-gun installations on model
of wing of XP-63 airplane and on P-63A airplane.
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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
airplane in Langley 19-foot pressure tunnel. R = 3.6 X 10°.
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NACA ACR No. L4L21 CONFIDENTIAL Figs.

(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.)
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NACA ACR No. L4LZ21 CONFIDENTIAL Figs,

(e) View of fairing 2 (wide) on submerged gun
and Grumman fairing on projecting gun.
Both fairings provide space around gun
barrel for cooling air.

(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.
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NACA ACR No. L4L21 CONFIDENTIAL Fige. 28e,f

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

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

cooling air. CONFIDENTIAL

Figure 28.- Concluded.




NACA ACR No. L4L21 CONFIDENTIAL Figs. 29a,b
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(a) Underslung cannon installation.
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(b) Submerged cannon installation.

Figure 29.- Wing-cannon installation on XF2A-2 airplane.
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Figure 30.- Cannon drag increments on XF2A-2 airplane in Langley

full-scale tunnel. R =

5.5 ¥ 109
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Figure 31.- Twenty-millimeter cannon installations on low-drag
and conventional airfoil sections.
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NACA ACR No. L4L21 CONFIDENTIAL Figs. 32a;b
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(b) Drag increment of two cannon extensions compared with drag
increment of rough spot on NACA 66(215)-216 airfoil
section.

Figure 32.- Twenty-millimeter cannon installations in Langley
two-dimensional low-turbulence pressure tunnel. R = 6.0 X 106.
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Figure 33.- Cannon installations on XF14C-2 airplane.
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Figure 34.- Cannon installations on model o1 XF6F airplane.
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Figure 35.- Cannon installations on model of XF4U-1 airplane.
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Figure 35.~ Concluded.
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NACATACR No. L4L.21 CONFIDENTIAL Figs. 36a,b,c
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(a) Cannon installations on model of XF14C-2 airplane

in Langley 19-foot pressure tunnel. R = 5.5 X 106.
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(b) Cannon on model of XF4U-1 airplane in

002

tunnel. R = 2,75 X 10°.
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(c) Cannon installations on model of XF6F airplane in
Langley 19-foot pressure tunnel. R = 6.15 X 106.

Figure 36.- Drag increments of several 20-millimeter cannon installations.
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NACA ACR No. L4L21 CONFIDENTIAL Figs.
023c — .099¢ 1
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(a) Short fairings and cannon.
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(b) Long fairings and cannon.
Figure 37.- Cannon and fairing installations on model of wing

of XA-4]1 airplane. Cannon are centered 0.005c and 0.010c
- above chord line. Fairings are circular in cross section.
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(b) Cannon with air flow.

Figure 38.- Several cannon installations on model of wing of XA-41 airplane in

Ames 7- by 10-foot tunnel. R = 6.35 X 106.

and 0.034c diameters.
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Figure 39.- fCannon installation on p-51B airplane.
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Figure 40.- Drag increments of cannon on P-51B aigplane in Langley
full-scale tunnel. R = 6.0 X 10°.
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Figure 41.- Cannon installation on F4U-1 airplane. CONFIDENTIAL
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Figure 42.- Twenty-millimeter c¢annon mock-
up on F6F-3 airplane.
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NACA ACR No. L4L21 CONFIDENTIAL Figs. 43a,b
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(a) Cannon installations on F6F-3 airplane in Langley
full-scale tunnel. R = 8.0 X 106(ﬁpprox).
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(b) Cannon on F4U-1 airplane in Langley full-scale
tunnel. ‘R =706 XS0

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