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3Ü1WA3V- 

Data obtained  frcm testa  of .»ode la  ur.d   airplane a 
relatln.3  to  the  effcct3  of  various iving arrnanent  instal- 
lations >i£.ve  been  collie Led  and  analyzed .     Three  type a 
of gun  installation rero  comider'rü;  namoly,   gun porta 
(submerged machine  giois),   protrudLn^ machine  guns, 
and caanor.     Data have  been  ores-anted  as  drag-coefficient 
increments  of one  g^n based   on an sroa nqual  to   the  square 
of  the  local wing chord  and   as  incremental  lifts  for 
this   complete   Installation based   on airplane   (or model) 
win^ area. 

Toe  analysi3   of  t^ose  data rovt-alart  that  a wsll- 
de si pried {run pert  shoulc'  have  little  or no effect  on 
9ither the  drag or maximum lift  of an airplane.     A 
well-deoigned gun opening in the   let-ding edge   of a wing 
should not exceed  one-tenth  of  the wing  thickness  in 
height,   should  have  provision for air flow and ba 
fitted with a suitable  exit  vent,   and   should be   located 
on or a few percent  of  the   oherd below the  chord line. 
Gun porta  that did not  fall  in thia  category were  found 
to cause drag-coefficient  increments up  to 0.0016 and   to 
decrease maximum lift  coefficient by as much as  0.12. 
Gun openings  at  least up  to  25  percent of  the   local 
wing  thickness  in height may yield small  dra3 increments, 
however,   provided a faired noso-air-intake   shape  is used. 

The  smallest drag-coefficient increments   for 
protruding-machine-gun installations  were  obtained with 
machine  guns   that protruded  approximately i\. percent  of 
the wing chord ahead   of the  leading edge   of the wing, 
were  located  on  or rear the  chord line,   and were  faired 
smoothly into  the wing contour,     Unfaired guns with 
greater extensions  caused drag-coefficient  increments 
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UD to  0.0010,   and guns mounted "below the wing caused 
Increments  of 0,003$.     Gun extensions  of at least 
0.25  chord,  however,  were   found to have  less  adverse 
effect on maximum lift than shorter extensions. 

The drag-coefficient increments  caused bv cannon 
installations  on  the win^ were  decreased approxi- 
mately 0.0003  or O.OOOlj. b^ fairing the  cannon into 
the wing and  providing air flovr.     Cannon located below 
the  chord line  causod  increments  of  0.00JJ3,   or nearly 
four times   the   increment of ah vnfjiired  cannon mounted 
en  the  ffing.     I^sired   cannon located on tho wing generally 
had little  or no effect on maximum lift.     Phfaired 
cannon located  on  tho  wing aid faired cannon located 
below the win? were  found  to doerease  tax-mum lift 
coefficients  oy as nu.^h  13  0.09. 

TNT: 

A number of inve.7tl3atT.ons conducted by the 
Natioral Advisorv Corjnittse Tor Aeronautics during 
tV'e uest few -years L-.-ave dealt in part with the effects 
of -.ving-armarcent installations on the aerodynamic 
character!sbics of airplanes.  The purpose of the 
present report is to group these data in 3ome logical 
faanion to facilitate their analysis and to establish, 
wherever possible, trend3 for correct ces'gn. 

The armament installations considered fall logically 
into three groups:  gun ports (submerged machine guns), 
probruding rrach^ne guns, ^nd cannon.  An analysis of 
the data revealed some definite trends that should be 
of considerable aid in the design of improved ".ving- 
armament installations.  A discussion cf bbe t.33t 
results and of the various factors affecting Lie 
aerodynamic design of v.-ing-arnam.ent installations is 
given in tho following sections. 

SYMBOLS 

CD    airplane drag coefficient 

CL    airplane lift coefficient 
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c^      section lift coefficient 

C(j      section profile-drag coefficient 

AGD     incremental wing-gun drag coefficient based on 
local wing chord squared 

[; 
S 

n „2 \  Dmodel + guns " ^PnodelJ 

n number of guns 

c local wing.chord at center of gun installation 

S wing area 

t maximum win3 thickness 

h height  of  —.in-rort  c^uning 

e extension  of <run  or cannon i*hoad  of wing 

Aj gun-port  Inlet  area 

Ae exit  area  of gun duct 

±AO Increment   ( + )   or decrement   (-)   In maximum 
,nax llft  coefficient 

R Reynolds number 

bf angular deflection of flap 

V0 free-stream velocity 

V* gun-port  Inlet  velocity 

TESTS 

The  data presented herein were  obtained from two- 
dimensional wind-tunnel  teats  of rectangular win^s, 
three-dimensional wind-tunnel  tests  of scale models, 
and full-scale  wind-tunnel  and  flight  tests  of airplanes, 
For the   two-dimensional  t<?sts,   ehe  drag was  determined 
by the wake-survey method and lift was  determined by 
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Integrabing the  pressure  along th9   floor and ceiling 
of the   tunnel   test  section  (reference  1).     Li all  the 
other  tunnels,   lift,   drag,   and moment were  obtained 
from balance measurements.     Standard methods  of speed 
determination were used in obtaining the   flight-test 
data. 

PRESENTATION OP DATA 

The  lift-  and  drag-coefficient increments,   together 
with the  important dimensions,   i^re  ^resented in table   I 
for the  submerged machine-gun installations,   In table   II 
for the  protruding machLno-gun ir.stallatlons,   and  in 
table   III for  the wine-cannon installations.     Drag- 
coefficient increments,   detailed  sketches,   and photo- 
graphs  of the   various  installations  are  presented in 
figures  1  to !;3 • 

The  tables  alone  should not b3  used  to  compare 
the  various  installations but  shovld  be  supplemanted 
by comparing the  plot3  of dras-coef "icient  increment 
agaln3t lift coefficient.     Because  of experimental 
inaccuracies  and  the   variation with lift  coefficient, 
the  drag increments  at any one  lift coefnicient may not 
£ive  a true   indication  of   the  relative merits  of 
diffsr.-nt  installations. 

Lift effects  are   s^own  for onlj  three-dimonolonal 
nod3Is;   the   incremental  coefficient  is  for  the   complete 
armancnt  installation and  is  based on total win^ area. 
In order to  facilitate  the  tJialy3is  and  use  of  the  drag 
data,  }"ow3vei,   lihe   increments have  been presented in 
term3  of  the  coefficient    ACn  . 

•Jc 

P.rjCISIO? OF MI AST"i'-.Y, iNVS 

In order to facilitate comparison of the data 
obtained in the Cifferent tunnels, probable errors in 
drag-coefficient increment have ^een estimated and are 
presented in tables I to III.  The oxperimsntal accuracy 
was assumed to be ±1 ocrc3nt of the total measured drag 
for all data not obtaLned by the wa:ro-survey method. 
This accuracy is thoujht to approrimate the limits within 
which a Doint may be checked, as determined from past 
experience. 
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Ha 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 3panwise drag curve might not taper off to the 
correct plain-wing drag at either end.  For each of the 
tests made by the wa?ce-survey method, therefore, the 
error given in tables I to III was obtained from the 
expression: 

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

The values of the probable errors in the drag- 
coefficient increments cf 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 g-ui installation on a wing 
mod9l often is of th.3 same ordor of magnitude as the 
drag of the model, wherea3 the drag of the armament 
installation en a complete airplane is but a very small 
part of the airplane 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 savoral significant parameters 
on the lift 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 airplane, maximum lift 
effects are presented wherever available.  The available 
tests showed that the effects of wing-armament instal- 
lations on the pitchlng-momont characteristics of an 
airplane were negligible.  Pitching-moment data, 
therefore, are not presentod. 

In several cases, the results obtained with gun 
installations on airplanes 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 
is mounted, because rough wing surfaces or pocr wing 
construction may partly mask the adverse effects of a 
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relatively poor gun installation.  In order to find 
the true effect of an armament Installation on a 
particular airplane, therefore, fall-scale data should 
be used. Data from model tests aro used in the deter- 
mination of the separate effects of the various factors 
that enter Into the terodynamic design of a wing- 
armament installation. 

Gun Ports (S'lbmerg-jd teacliine Guns) 

The effects of a ffell-deaiyied gun nort on the 
aerodynamic characteristics of a smooth '7ing are small. 
The Important factors to be considered In the design of 
such a gun port are discussed in tho following order: 
the air flow through the £v.n ^ort, the height of the port 
with resoect to the win-; thiclcness, and the position of 
the gun Dort with respect to the wing chord line. 

The effect of air flow on the drag-coefficient 
Increment of a gun nort ".vas Investigated cy tests with 
and without air flow on a rod?l of the wing of the 
XF-)L7P airplane (table I, fig. 1).  At a lift coeffi- 
cient of 0.2 without air flow the g^n port caused a 
drag-coefficient incretn3nt cf 0.CD05, whereas the 
same port with air flow caus3d an increment of 
onlv 0.0001.  r'roTi th1 s result it ao*->ears advantageous 
to provide a suJtaole exit vent lor the gun port and to 
permit the air to flow around the g\in and to exhaust 
at sone 'ooint on the wing.  In this test the air was 
vented to the upper part of tho aileron slot.  In prac- 
tice, air usually flows through the gun port, although 
a suitable exit vent is  rarely provided.  In most cases, 
th3 air that enters the gun port lealcs out into the air 
stream through a wing joint or through the fuselage. 
The advantage of having air flowing through the gun port 
is thus partly realized, but the gain Is often more than 
off3et by the power required to overcome the loss 
resulting from leakage,,which causes an external 
disturbance.  Inasmuch as so.139 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 othar parameters with air 
flowing. 

The wing of the XP-65 airplane (table I, figs. 2 
and 3) and a model of the modified XP-Ii-1 airplane 
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(table I, figa. ij. and 5) wore tested to find the effect 
of gun-port height on the drag-coefficient increment 
caused by a gun port.  (See' reference 2.) ' Increasing 
the gun-port height is shown to increase the drag 
increment,  The drag increment for the gun port on a 
model of the XFij.TJ-1 airplane, which has a large inlet 
height (table I, figs. 6 and 7) waa about the same as 
the increment for the larger gun port on the model of 
the modified XP-lj-l airplane. From inspection of these 
data and of those for the XP-l^B wing section, gun 
ports having a height up to approximately 10 percent 
of the wing thickness (0.10t) appear to cause little or 
no increase in the wing drag.  Tests of the Flj.U-1 
(table I, figs. 8 and 9) and XF2A-2 (table I, figs. 10 
and 11) airplanes in the Langley full-scale tunnel show 
lower drags than would be predicted from model tests. 
Inasmuch as the w'.ngs of those airplanes were unusually 
rough, it might be expected that the adverse effects 
of large gun-port heights are partly masked in these 
cases. 

A low-drag g^in port with three type3 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 thickness of the bulged po±*tion of the wing in 
height, owe their low-dra3 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 Ij..  If it 3s necessary to have an opening 
that is large with respect 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 increments 
would then be possible. 

In order to determine the effect on drag of the 
position of the gun ports with respect to the chord 
iine of the wing, a comparison was made of the drag- 
coefficient increments for the gun ports 0.5 percent 
chord (0.005c) and 2.6 percent chord (0.026c) above 
the chord line of the wing of the XF2A-2 airnlane 
(table I, figs. 10 and 11, and reference 5).  The gun- 
port position nearer the chord lino was found to result 
in the smaller Increment.  Similarly, it is seen from 
table I and figure 3(a) that a gun port 0.0l8c high 
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by 0.033c wide  centered  on  the  chord line  of a model 
of  the wing of the XP-63  airplane  caused a negligible 
increase  in drag.     Comparison of the  spanwise  drag 
surveys  for similar gun oorts  on and  slightly below 
the  chord line   (fig.   3)»  however,   showsno important 
difference  resulting frc.11 positions  on the   chord line 
and below  the  chord  line.     Because  of the   limited travel 
of the  survey apparatus,   it was difficult to  obtain 
a  complete  span»ise  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)  ma>  be mado.     Gun ports  0.012c by 0.026c 
and 0.015c by 0.027c  centered  O.Ollp below   the  chord 
line,  both of which are   smaller in height  and  width 
than  the   0.0l8c  by C.0>5c   gun povt on  the   chord  line, 
caused sonewhat  larger drag increments  than  the  gun 
port  on the  chord line.     The  0.033c by 0.033c gun 
iDort centered  below   the  chord Itno,  however,   probably 
has  a slightly smaller drag t>ran  tbe   0.021c by 0.033c 
gun nort on  the   chord line.     These  results   indicate 
that gun ports  centered  on  or slightly below the 
chord  line  caused  smaller dreg,  increments  than gun 
ports  centered  above   the  chord line.     A reasonable 
explanation  for   this  conclusion .1^7 be  obtained  from 
consideration cf  tbe   stream lines  about the wing at 
the  cruising lift  coefficient.     If the  cruising lift 
coefficient  Is  equal  to or greater  than  the  design 
lift  coefficient  of the wing,   the  stagnation point Is 
at  or 3lightly below  the   chord line.     Gun ports 
contered above   the   chc^d lino,   In a hi-^h-velocity 
region,   thus have more  adverse effect   than gun oorts 
located in the  low-velocity region in tbe neighborhood 
of the  stagnation point. 

The drag-coefficient  increments  for gun ports  on 
a model  of  tho  wing of the  XA-I4.I airplane,   anere no 
air flow was provided   (table   I,   figs.   1I4. to l6),   showed 
that  the  gun nort3  on or near the  chord line  caused 
larger drag  increments  than those  above  or below  the 
chord line,   and   these  drag increments without air 
flow in nearlv evorv case were  much larger  than anv 

1 measured with air flow.     One   such gun port,   l6— percent 

of the wing thickness  In height and  centered  slightly 
above  the  chord  line,   caused a drag-coefficient  Increment 
of 0.0018.    Without air flow,   the  gun ports  on or near 
the  chord line,   depending upon their size,   probably 
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spoil flow on both surfaces, whereas 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 ports centered below the chord 
line even without air flow. 

Three gun-port configurations were tested on the 
T-51B airplane in the Langley full-scale tunnel 
(table I, figs. 17 and 18).  The gun port was tested 
(1) in tho service condition (gun port open), 
(2) covered with tape that was torn to simulate the 
con-iitcn after firing, and (3) covered with metal 
plates 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.  The taped gun ports 
gave slightly lover drag increments than the service 
gun ports.  The cover plates having small holes resulted 
in the be3t arrange.nsnt tested on this airplane. 

An examination of tho effect of the various gun 
ports on the inaximum lift coefficient (table I) indicates 
that few of the installations had serious uö"verse effect. 
The large less in maximum lift coefficient of 0.12 on 
the P-51B airplane probably occurred because the gun 
port was 26 percent of ths win.3 thickness in height. 

Protruding Machine Guns 

Because of apace limitation or other considerations, 
it is often r9ce3 3ary to install machine guns that 
protrude ahead of tho leading edge of the v/ing.  The 
most important variables affect\n£ the design of a 
protruding machine-gun installation from aGrodyncmlc 
considerations are tho position of the gun with respect 
to the chord line and the oxtension of the gun barrel 
ahead of the leading edge of the wing. 

Several gun extensions and two oositions with 
respect to the wing chord line were tested on tho 
XF2A-2 airolane in the Langley full-scale tunnel 
(table II, figs. 19 and 20).  An extension of 0.028c 
caused a lower drag-coefficient increment than a 
0.139c extension, bub the drag of the 0.159° extension 
was essentially the same as that of the 0.25l^c extension. 
The 0.139c extension wu3 tested 0.005c and 0.02oc above 
the chord line.  The oosition nearer the chord line 
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yielded the  lower drag increments.     Protruding machine- 
gun installations were  also tested on a model o.f the 
modified XP-lj.1 airplane  and on the  F6F-3  airplane 
(table   IT,   figs.  21  to 23).     The  0.100c extension on 
the modified XP-l+l  airplane  caused about  the  same  drag 
as  the  0,159c extension O.OOpc  above   the  chord line  of 
the  wing o.f the  XF2A-2 almla/ie.     The  lowest drag- 
coefficient increment  for protruding machine  guns 
MCrj    =  O.OOGl"'!     was  obtained vMth the [j.-oercant-chord 

extension mounted   0.02c above   the   chord  line  of the 
wing of   bhe   Fo^-J aimiane.     For these  tests,   the  guns 
were  provided -with  a v/e 11-de signed   smooth  fairing. 
The  0.19c  gun extension on the XP-65 win.^ moJel 
(table   II,   ligs.   2I4- and  23)   cau30d the highest drag- 
coefficient  increment     (&"rc  ~  O.OOIO}     of any protruding 
gun mounted  on or near  tho  chord lin3.     The  largo  drag 
increment  of th4s  installation As cua  to  the  laminar 
flc.v that was  spoiled en   the  low-drag wing.     From th3 
foregoing results,   it u^nsni-a  that  short well-faired 
gun extensions  and mo^jitLiXg pos'.ti 0113  on or near th9 
chord line v/ill have   the  lowest drag. 

•Chd9r3lvng machine  guns   were   tested  on a model  of 
the wing of the XF-65 c.irolane,   on the   F-63A airplane, 
and on a model  of  tho  XA-26  eirplane.     Scotches  and 
drag data  for  these  arrang'viients  are  presented   in 
table   II and  figures  2ii   to 27.     H coupcrison of the 
drag of the  underslun^ arrangements  and  the drag of the 
arranceirents having  guns  fixed at  cr near the   chord 
Una   (table   II)   shows   that  the  drag-coeffLcient 
increments  caused by the  underslung  guns,   often ns 
mi-.ch  as   0.0033,   are  e-cessive.     At  a lift  coefficient 
of  0.2,   the  vndersl^ng arrangement  on  the  XP-63 '-ving 
model  caused an  ircr3ment a^oroxinatoly 60 vereint 
greater than tho  gun mounted  en tue  chord  11ns.     (See 
fig.  25.)     The   installation on the  P-65A airplane, 
which represents  the manufacturer's  best attempt  to 
reproduce   the  model  installation,   caused  a c^rag 
increment  approximately twice   that  of the model  instal- 
lation.     Sealing tve   ejection  slots  and  the  annular 
snace between the  gun barrel  and fairing on the  air-plane 
reduced the  crag 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  en the  actual   installation. 
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Some  observations  concerning the  effect of gun 
extensions  on maximum lift may be made by comparing 
the  decrements measured öh  the XF2A-2 airplane  in the 
Langley full-scale  tunnel   (table   II).     The  0.028c 
extensions mounted 0.026c above  the   chord line  decreased 
the maximum lift  coefficient  O.llj.,  whereas   the  0.159° 
extensions mounted 0.005c  above   the   chord line  caused a 
decrease  of 0.13.     The  0.25l|.o extension,   however, 
mounted 0,005c above  the  chord line  decreased the 
maximum lift  coefficient by 0.09.     It appears  that gun 
extensions  of at  least  C.25c ar9  less detrimental  to 
maximum lift  than shorter extensions  - probably because 
the   separation at  the   tip of the  short extension passes 
close   to  the  vpper  surface  of the wing and  spoils  the 
flow,   whereas  th^s  separation for the  long guns masses 
farther above  the wing and has  le3s detrimental effect. 

A. number of wing-gun  f-iirings were   tested  in flight 
on the  FI±F-3  airplane   to  improve   tte  maximum lifb  and 
stalling  characteristics.      (See  reference  6.)     Photo- 
graphs  of the   various  fairings  are  presented  in fig- 
ure 2dm     The  addition of unfairad gui3  tc   the  otherwise 
clean airplane   caused a considerable  increa3e   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 al3o aided  in correcting the  poor 
stalling  characteristics  of  the  airplane.     unsealing 
these  fairings,   however,   caused  a loss  in maximum 
lift  coefficient  of  0.2b.     The  pertinent data  for 
these  arrangements  are  given in table   II. 

Wing-Cannon  Installations 

Wing-canncn  installations may be  best compared on 
the basis  of  the mounting oosition with respect  to  the 
chord line,   the   type  of cannon fairing,   and   the provision 
for air flow. 

Two underslung and one  oartly submerged  cannon 
Installations were  tested on the X?2A-2 airplane  in the 
Langley full-scale   tvnnel   (table   III,   figs.  29 and 30). 
At a lift  coefficient  of  0.2 the best underslung 
arrangement  caused a drag-coefficient  increment 
^ACD    = 0.0033}     170 percent greater than the partly 
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submerged installation.     This  result again shows  that 
the  drags of underslung arrangements  are  excessive. 

Cannon installations  on a conventional airfoil 
section and  several  low-drag sections were  tested in 
the Langley two-dimensional low-turbulence  pressure 
tunnel  (table   III,   fig3.   51 and 32).     AS might be 
expected,   the  increment 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 a rcufjh spot  on  the  leading 
edge  of the NACV 66(215)-2l6  air?oil  section yielded 
anproxircately equal drag incremonts   (fig.   32(b)). 
The  rough snot,  which was made  up of carborundum 
grains having an average  diameter of  0.01  inch 
attached  to  the  airfoil with shellac,   covered  the 
same  area  as  the  cannon having   the  0„l6c extension. 
The  results  indicate   that  when  a considerable  amount 
of leading-edge  area is  covered by tho  armament  instal- 
lation,   tho  amount  of flew  3pcilec1 by the  interference 
at  the   juncture  of the   can".cn and wing is more  important 
than the  extension ahead of  the wing.     At higher lift 
coefficients  the drag Increments  of the   cannon exceeded 
that  of tb3  rou;p.i sp-ob.     Separation of the  flow from 
the  protruding csnnon  tnd  the  increased frontal  area of 
the  cannon are  responsible   for this increase   in drag. 

All   tests   of modols  of  the  TCTllj.CI-2,   Xr'cF, 
and XFi^U-l  airplanes   in the  Lan^loy l-p-foot pressure 
tunnel   (table   III,   figs.   33  tc 36)   showed  that  the 
drag-coefficient increments caused by the  win^j-cannon 
installation may be  decreased  0.00C3  or O.OOOij. by 
providing fairings  similar  to  the  ones  that gave   the 
least drag when installed  on those modols.     The  best 
faired cannon for these  three  tosls  caused approxi- 
mately equal drag-coefficient increments  regardless 
of tho  extension,   position on the winj,   or  the  airfoil 
section upon which they were mounted.     (See  fig.   36.) 

Several fairings  and  various  amounts  of air flow 
were  tested  in conjunction with wing cannon  on a model 
of the wing of  tho  XA-1+1 airplane  in the  Ames  7- by 
10-foot tunnel   (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 increment,   at least at inlet-velocity 
ratios  above  0.26.     At a lift coefficient  of 0.2,   the 
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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 cannon on the F-51B airplane (table III, 
figs. 39 an^ l|-0) caused a higher drag increment than the 
unfaired installations on the Pij.U-1 and F6F-3 airplanes 
(table III, figs. I4.I to Ij-3).  The adverse effects of the 
unfaired cannon are probably partly masked by the 
unusually rough wings on the latter two airplanes. 

Table III indicates that the unfaired cannon 
installation caused more adverse effect on the maximum 
lift coefficient than the faired cannon. As a general 
rule, the loss in maximum lift was greater with flaps 
extended than retracted.  The wic3a fairing on the 
underslung canron on the XF2A-2 airplane (fig. 29) 
decreased the maximum lift 0.09 (table III) as compared 
to a decrease of 0.0I4. for the narrow fairing on the 
underslung installation and 'or the partly submerged 
installation.  A suitably faired underslung cannon 
installation, therefore, need not result in an appre- 
ciably greater loss in maximum lift coefficient than 
a nartly submerged installation. 

CONCLUDING REMARKS 

Prom the analysis of the effects of wing-armament 
installations on the lift and drag characteristics of 
airplanes, the following general statements annear to be 
justified: 

In order to decrease the drag-coefficient increments, 
air flow should be provided through gun ports.  A 
suitable exit vent should also be provided to minimize 
the leakage lcsses.  The drag of a gun port increases 
as its height increases, but a gun port with a height 
no greater than approximately one-tenth of the wing 
thickness should cause little or no additional drag. 
In order to obtain the smallest drag increase, gun ports 
should be located on or slightly below the chord line 
of the wing.  Gun ports that satisfy the preceding 
conditions should have little or no effect on either 

drag or maximum lift.  A gun port 16^- percent of the 
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wing thickness  in height,   centered slightly above  the 
chord  line,   and without air flow,   caused a drag-coefficient 
increment  of 0.0018,  whereas  another gun port 26  percent 
of the wing thickness  in height decreased   bhe maxl.num 
lift  coefficient by 0.12.     Jt is possible   to use  a gun 
opening larger than 10 percent of the wing  thickness 
with a minimum of drag increase, however,   provided  a 
faired nose-air-inta-:e  share  is used. 

ohort,   faired  gun extensions  located on or near 
the  chord line  caused   the  lowest dra^-coefficient 
increments  of nrotrudtng nachine-gun installations. 
A faired  gun extending If  percent  chord ahead of  the 
leading edge  of  the  v/Ing and  located  0.02  chord  above 
the  chord line  causod a dra^-coefficicrt  increment  of 
only 0.0001,   wherea3  :JI unfaired gun centered  on  the 
chord line with a l^-j.ercoiit-chord extension caused 
an increment of 0,0010.     TLe  dr^g increments  of guns 
mounted below   the wing were  excessive   in every case; 
for example,   one  such installation caiised  an Increment 
of  0.UC3d. 

"?he drag-coefficient  increnents  cans3d  by cannon 
insballations  on the  wing were  decreased   0.0003  or O.OOOlj. 
by fairing  the  cannon into  the  wing.     Cannon counted 
below the wing caused  incrpmenbs  of  O.OO38  or nearly 
four  time3  tre   increment  of an uiifairec   installation 
neun bed on. the  v.'lng.     Paired  cannon located on the  wing 
generally had  libtle   or no  adverse  effect  on maximum 
lift,   but unfaired  cannon located  ci the  wing and faired 
cannon located below  the wing were  found   to decrease 
mexl^um lift.  coofficient3  by as r,;uch as  0.0^. 

Langley Mamorial  Aeronautical Laboratory 
National Advisory CoTiitteo  for Aeronautics 

Langley Field,   Va. 
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NACA ACR No. L4L21 Fig. 1 

Figure 1.- Gun port on model of wing of 
XP-47B airplane. Qun-port diameter, 
10.4 percent t. 
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NACA  ACR  No.   L4L21 Figs.   3a,b 

Gun-port dimensions ^CD( 
Height Width 

o 0.018C 0.08SC 0 
+     .021c .OSSe a. 0008 
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6       k 2       0 
Distance from gun-port center line. In. 

fa) Oun ports on chord line. 

Gun-port diMMlons 
Height      Width 
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+  .015C        .027c 
X  .035c        .0S3C 

Plain-win; drag 

2       0       2       k 6 

Distance from gun-port center line, in. 

(b) Oun ports 0.014c below chord line. 

Figure s>- 8panwise drag variation of several gun-port installations on 
•odel of wing of XP-63 airplane.  c{ - 0.161  R - 6.2 X 10

6. 
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Figure 4.- Gun-port Installations on wing of model of modified XP-41 airplane. «1 
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Figure 6.- Gun ports on  scale model of XF4U-1 airplane. 
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Gun ports are of 1-inch diameter with exits ahead of flap. 
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NACA ACR No. L4L21 Figs.   10a,b,c 

^flMRJtßt. 

3&BCH fWRMG 

'   (a)   Low flush  gun  position. 
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iOLtmMs-nsr mnr* 
(b)  High  flush  gun  position. 

NATKXML MWSORV 
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(c)   Typical   gun  sleeve, 

figure  10<- Details  of  gun mounts  on XF2A-2 airplane. 



o 
Q 

c < 
V 

•H 
o •> 

•H «9 
^ ß 

0)-S 
O 0) 
0 u 
1 o 

cd «H 

Q 

• 002 

.001 

Airplane lift coefficient,  CL 

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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NACA  ACR No.   L4L21 Pig.   12a 

Typ« 1 

J20c 

Type  2 
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(a) Front view of three types of opening. 

Figure IS.- Details of openings of low-drag gun port. 
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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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Figure 14.- Cannon ports  on model of wing of XA-41 airplane. 
(This arrangement also tested with 0.032c dlam.  holes 0.005c 
above chord and 0.034c dlam.  holes 0.010c above chord. ) 
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Figure 15.- Machine-gun ports on model of wing of XA-41 airplane. 
(These holes also tested centered 0.0082c and 0.0165c below 
chord.) 
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NACA ACR No. L4LS1 Fig. 16 

Hole dlam. Position relativ« 
to chord lino 

o 0.0S6C 0.016C below 
+  .026c      .008c below 
X  .0£6c On 
•  .033c On and «006c above • 
O  «033c      .OOBc and .010c above 

0       .1      .2 

Section lift coefficient, c/ 

Figure 16.- Drag increments of gun ports on model of wing of ZA-41 airplane 
in Anes 7- by 10-foot tunnel. No flow through ports.  R - 6.39 X 106> 



NACA ACR No. L4L21 Pigs. 17a,b,c 

(a) Gun ports open. 

<< -<n 

(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. 
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Figure 18>- Drag increments of several gun-port Installations on P-5IB 
airplane in Langley full-scale tunnel. R * 6.5 X 106' 
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Figure 19.- Machine-gun extensions on XF2A-2 airplane.  a - 0.026c or 0.005c; 
0.254c gun extension not shown. 
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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 106. 
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NACA ACR No. L4L21 Fig.   21 
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Figure  21.- Machine-gun  Installation  on nodel 
of modified XP-41 airplane. 



NACA ACR No. L4L21 Fig.   22 

Figure  22.-  Service   gun  fairings   on  F6F-3 
airplane. 
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(a) service gun fairings on F6F-3 airplane in Langley full- 
scale tunnel.  R = 8.0 X 106. 

•5  .OOU 

.002 

/^ 

1  mLu. tAnxm 1 
IMMHnfEm«3IMWITK 

<Sjp£=5 

"     T T 1 f Y 
-.2 -.1       0      .1      .2 

Airplane lift coefficient,  CL 

.k 

(b) Machine-gun installations on model of modified XP-41 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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(b) Machine-gun mount  on model  of XP-63 wing and  on P-63A alrpl&ne. 

Figure 24.- Concluded. 
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NACA ACR No. L4L21 Pigs.   25a,b 
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(a)  Drag increments  of  gun  installation on P-63A airplane 
in Langley  full-scale  tunnel.     R - 6.4 X  106. 
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(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 10°. 

Figure 85.- Drag increments of machine-gun Installations on model 
of wing of XP-63 airplane and on P-63A 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 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 P4F-3 airplane. 
(Prom reference 6.) 



NACA ACR No. L4L21 Figs. 28c,d 

(c) 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. 



NACA ACR No. L4L21 Figs. 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. 

Figure 28.- Concluded. 
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(a)   UnderBlung cannon Installation. 
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(b) Submerged cannon Installation. 

Figure 20*-  Wing-cannon  installation  on XFSA-2 airplane. 
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Figure 30.- Cannon drag Increments on XF2A-2 airplane in Langley 
full-scale tunnel.  R = 5.5 X 106. 
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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 Figs.   32a,b 

NACA airfoil section 
o 66(2151-216 
+ 66,3-418-. 
X 88010 

.1      .2      .3 -k 
Section lift coefficient, ct 

(a) Drag Increments of cannon on three NACA airfoil sections. 
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(b) Drag Increment of two cannon extensions compared with drag 
Increment of rough spot on NACA 66(216)-216 airfoil 
section. 

Figure 32.- Twenty-millimeter cannon Installations In Langlej 
two-dimensional low-turbulence pressure tunnel.  R - 6.0 X 106. 
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Figs.   36a,b,c 

o     fairing A 
+     Fairing B 

.001 

(a) cannon installations on model of XF14C-2 airplane 
In Langley 19-foot pressure tunnel.  R - B.B X 106. 
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Figure 36.- Drag increments of sereral SO-milllneter cannon Installations. 

(c) cannon Installations on model of XF6F airplane In 
)1.  R - 6.16 X 106. 



NACA ACR No. L4L21 Figs.   37a,b 

M&C — 

(a)   Short  fairings  and  cannon. 

NATIONAL ADVISORY 
COMMUTE FO« AEJWWJTCS 

(b) Long fairings and cannon. 

Figure 37-- Cannon and fairing installations on model of wing 
of XA-41 airplane.  Cannon are centered 0.006c and 0.010c 
above chord line.  Pairings are circular in cross section. 
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figure 88.- Several cannon installations on model of wing of XA-41 airplane in 
Ames 7- by 10-foot tunnel. R - 6.35 X 106.  Holes around cannon have 0.0S2c 
and 0.054c diameters. 
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Figure 40.- Drag Increments of cannon on P-51B airplane in Langley 
full-scale tunnel.    R = 6.0 X  10. 
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NACA ACR No. L4L21 Pig. 42 

Figure 42.- Twenty-millimeter cannon mock- 
up on F6F-3 airplane. 
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.002 

.001 

o 
a u 

c « 
a • u 
u 
c 

-J-^r^n =9= =9 

(a)   Cannon  Installation«  on  F6F-3  airplane  In Langley 
full-scale  tunnel.     R -  8.0 X   106C»PProx}. 
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(b) cannon on F4U-1 airplane in Langley full-scale 
tunnel.  R - 7.6 X 10B. 

figure 45.- Drag increments of several 20-niUlneter 
cannon installations. 
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