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FLIGHET INVESTIGATION OF WING-GUN FAIRINGS
ON A FPIGHTER TYPE AIRPLANE

By J. M. Nissen and M, D. White

SUMMARY

Flight tests were conducted on a Navy fighter airplane
to determine methods for fairing the wing-gun installation
so as to retain the mazimum 1ift of the clean wing insofar
as possible,

The unfaired-gun ianstallation increased the stalling
speed over that of the clean wing by approximately 5 knots
with flaps down, power off and by approximately 3 knots
with flaps down, ‘power on,

Two arrangements of fairings were developed that re-
stored the 1lift of the wing. One arrangement consisted
of engine cowl-type fairings for both projecting and sub-
merged guns. This arrangement provided an annular open-
ing between the gun barrel and the fairing lip for cool-
ing the guns, The flush arrangement consisted of the en-
gine cowl-type fairings for the projecting guns and faired
wing openings for the submerged guns. Successful opera-
tion of this latter type of fairing, however, required
that no air be admitted around the submerged guns, All
arrangements of fairings as well as the unfaired guns im-
proved the stalling characteristics of the airplane as
compared with the clean-wing condition, It also appeared
that the gun-fairing arrangements eliminated: the ground-
looping tendencies of the airplane that were atiributed

to wing stallinn This was evidenced by a series of land-
ings made with the wing guns faired and the small tail
wheel install i ir which no ground-looping tendencies were

noted.

On the basis of data from the full-scale wind tunnel,
it appears that no reduction in top speed need be antici-
pated with the four projecting fairings ventilated for
cooling as compared with the unfaired gun condition. With
the combination of projecting fairings and faired wing
openings with no air admitted, the top speed may actually
be increased 3 miles per hour as compared with the unfaired
gun condition,
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INTRODUCTION

At the request of the Bureau of Aeronautics, flight
tests have been conducted on a fighter type airplane by
the NACA at Langley Field, The purpose of these tcsts
was to determine tho modifications rcquired to corrcct
cortain undesirablc characteristics of the airplane, The
inveostigation startod on April 15, 1941 was suspendcd only
for an intcerval from May 28 to June 16, during which check
tests and nocessary structural changes werc made on tho
airplane by the Tavy at Anacostia and Yorfolk,

The present report covers the flight tests of gun
fairings designed to correct the detrimental effects of
the projeciing and submerged wing ganv od the airplane,
These cffoects, a 5-knot increase in stalling speed as
comparcd with the clean-wing cond tlox, and a morec pro-
nounced cc*'cwcv of the airplanc to ground-loop in land-
ings, were bclicved %to be due to carly and unsymmectrical
wing stalling produced by tho wing-contour irregularities
of the gun ianstallation, The Jlee; that wing stalling
‘influernced the ground-looping tnnﬁen~1eu igs based on
flight tests of other airplanes that showed that violent
ground-looring ,prde-u_cs were ceused by unsymmetrical
wing stalling in a three-point attitude,

AIRPLANE AYD IUSTRUMENT INSTALLATION
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.The airplane on which the investigation was carried
out is a Grumman F4F-3 i lace midwing monhoplane
fighter (fig., 1). -Airplane £33, which was delivered
to the NACA for the fest, tandard service model
except for the followiag ations,. The tail wheel of
the test airplane was C’r..: th a: pnoumatic tire that

compared with

raiged the tail approximately 5 incres

the hard-rubber tai n saxr models, By
thig substitution tae oun Le was redriced
about 2%, ¢ This ac"" wirich a oh iy 1k not
suited to ceck opsraz-ion, was adopted during early tests
to prevent ground- loy;ing until .specifiec dAnvestigation of
that problem was undertaken, Wheel hrekes of greater
capacity tlan those in service nodels were also substitut-
ed on the tecst airplane to provide additional grouand con-
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During the tests the airplane center-of-gravity posi-
tion was maintained at approximately 28,5 percent H,A.C.,
the iocation at which it was generally flown in service,
The starting weight for each flight varied from 6425 to
6735 pounds, the greatest part of the variation (275
pounds) being due to the removal or replacement of th
four guns, This weight variation corresponds to a differ-
ence in stalling spccd of approximately 1.5 knots; for
simplicity in analysis all the stalling spceds roeported
have been corrected to a zross weight of 6725 pounds,

The instruments used in all the tests were a record-
ing air-speed meter installed on the airplane air-speed
line and s three-element control-position recorder record-
ing the movements of the elevator, rudder, and ailerons,
Tufts were -installed on the upper surfaces of the wings
and in some cases in the immediate vicinity of the gun
fairings to aid in the study of the behavior of the air-
plane at the stall,

The locations of the two 0,50-caliber machine guns
in each wing are illustrated in figure 2, Figures 3
through 7 are photozraphs of the various types of gun fair-
ings tested, In figure 3(a) are shown the submerged gun
in ite unfaired condition and the projecting gun fitted
with the fairing submitted by the Grumman Company., The
Grummen fairing resembles an engine cowl in appearance
except that the space betweon the gun barrel and the fair-
ing was sealed with rubber grommet, Figure 3(b) shows
the projecting gun in its unfaired condition with the sub-
merged gun removed, The Grumman fairing which was the
only fairing used on the projecting guns was at first
tested as submitted, In later tests. the grommet was re-
moved and the edze of the opening was bent in so as to
provide an annular space about 1/8 inch in width around
the gun barrel for the entry of cooling aire

Several fairings for the submerged gun, designated
For brevity No- I, WoJ @, Wios 6, aud “feired opening,!

’

are illustrated, respectively, in figures 4, 5, 6, and 7,
Fairing ¥o. 1 is a modified version of the Grumman fairing,
being somewhat more oval in cross section as compared with
thé flat sides of the %atter, Fairings Nos, 2 and 3, which
are shorter versions of the No, 1 fairing, differ from each
other only in width, ¥o. 3 being the narrower, The faired
opening shown in figure 7 is faired into a tube that en-

circles the gun varrel for a distance vack from the gun

muzzle of about 6 inches, and an annular space about 1/8



inch wide is provided between
to permit the passage of cooling
spaces
other fairings,
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TESTS, RESULTS, AND DISCU

tall' 'Characterigtics

The results of the stall tests wit
nts of ﬂu: fairings are presented in

“11~ht conditions investigated, These
were the landing condition, power off,
gear down, and the carrier-approach co
of mercury manifold
gear down, In these flic

)
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conditions

were obtained of stalls m;roacnefq

ly level attitude, the pllot neting the
stall, the rc}oonhc of tho airplans to
power application in the stall, and tho

thoe stall approach,

The results tabulated in table I

b
marized as folliows:

1. 7 Inrithe power~of iy
each set of unfaired guns
alone effected a 3-knot
over the clean

are provided between blast tube and fairing

ndition

pressure and 2350 rpm,

gradually in a.

may

flap~-down -

projecting or submerged
incraase in stalling speed
-wing condition whils.

this tube and the gun barrel

Similar annular

for the
h various arrange-

table I for the two
flight conditions
flaps down, and
23,5 inches
flaps down and
continuous records
lateral-
wiolence,. of the
the ailcrons and to
tuft behavior in

be briefly sum-
condition

flight

in combination

the increase was 5 knots, With powér on, flaps.
down all arrangements of unfaired guns increased
the Sualll g sorcds by about 3 knots (tosts 1, 2,
Oy, and . b '

2. A fairing arrangement consisting of the
Grumman fairing on the projecting gun and the Yo, 1
fairing on the submerged gun (fig. 4 and test ¥o.

PR b

7) effected improvement

¥ over
condition in the fodlowing

the unfaired-gun-

respects:

(a)  The stalling speed in the carrier-
apprioach ‘candition was reduced by 1 ,or. 2. knotls
as compared with the unfaired-gzur condition
and the landing-condition stalling speed was
reduced to tie clean-wing values,
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(b) The stalling characteristics were inm-
proved over the clean-wing condition as indi-

cated by the milder roll at
increcased responsiverness of
ailcron movement or power
Stallo
ity in the stall ag listed in
on tests in which,

ailerons were applied against the roll or
forward only

was applied and the stick moved

the stall
the airplane to
application at the
Conclusions regarding the controllabil-
table I are based
immediately after the stall,

and the

power

enough to prevent & sharp rise of the nose,

3, Another gun-fairing arrangement consgisting
of the Grumman fairing on the projecting gun and

the faired wing oponing for the subme
7 and test

to those 1
ic

isted under paragraph (2),
ed conditic
A

b
ns: that is, the effective
of this rangement required that no
permitted tahrough the fairings. (Com
Nos, 11 and 14,) If it is nccessary
mitted to cool the guns during firing

(=5

¢

rged gun (fig
s Nos. 14 ard 15) gave results similar
under restrict-

functioning

air flow be
parec tests

that air be ad-
s Ghen "in o0P-

der to utilize this arrangement in service, provi-

sion would have to be

an alr seal around th

made for openin
gun in fTlignt,

44 None of the other arrangements
table I was considered satisfactory.
terest to note, however, that at leas
other fairings for the submerged guns
when tested alone with the projecting
but was entircly
fairing on the projecting gun
Apparently dctrimontal interfercnce &
from the c‘o e proximity of

ether, especially with power ons

In addition fto the results tabulatcd in
formation was ovtained from tuft studics tha
ercd of intorest., The tuft observations ind
oven in the clean-wing condition the initial
cf flow ocecurs in the vicinlty-of Phe gun lo
fact explains to somc extent why the gun-fai
was critical, ‘'The tufts showed teo that,'in
character of the stall corresponded with the
tent of spanwise progress of tihe flow breakd
break and fast roll in tkhe stall, for exzsmpl

incffective in combin
(tosts Yos. 8 and 9).

g and closing

listed in

It ig of ,in-
t one of the
was effective
gun removed,
ation with a

ffects result

the two guns to each

tadle I, in-
is consid-
icated that
breakdown
cations, This
ring design
genoral, the
rate and ex-
woe | &l sharp
s Occurred

ct

3
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when the flow breakdown spread rapidly to the wing tip as
in the clean-wing condition; on the other hand, a mild
roll resulted when the flow progressed only to a station
somewhat inboard of the ailerons as in the unfaired-gun

conditions and as with the recommended fairings,

From the above, it is evident that the troubles ex-~
perienced following the installation of unfaired guns on
the clean wing were due not to their harmiul sffects on
stalling characteristics but only to the increased stalle-
ing speeds that they produced, The mild rolls that fol-
lowed the early advent of the stall would causc disturbing
moments on the ground which, combined with the inhercntly
unstable landing-gear arrangement, resulted in violent
ground loops,

Tests with tuft n dia
fairings showed maianly t s t
submerged gun that suffered from interf

1 ared t
t 5

g

iy

nce, while the

e maintained
without the

cts of the tufts

flow about the oth
satisfactorily. C
tufts near the 1
to be negligibd
tests conducted on the recommended
by a squadron at Norfolk, it was re-
de annular space between gun or
gave adequate gun cooling, No fir-
ed with openings sealed,

On the basis of full-scale wind-tunnel tests conduct-
ed on another airplane, it is estimated that there will
be no reduction in top speed due to the projecting fairing
as compared with the unfaired guns, The use of the faired-

wing opening with the flow sealod off would actuwally in-

crease tho top speed by about 3 miles per hour as comparcd
with the unfaired guns,.

Ground-Looping Tests

Previous tests on other airplanes have shown that
frequently objectionable ground-looping tendencies are as-
sociated with an unsymmetrical, early stalling of the
wing in the ground run, 4s was stated earlier, it was
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with the idea of reducing the ground angle of the airplane
below the decreased stalling angle of the unfaired-gun
arrangement that a pneumatic tail wheel was installed on
the airplane,

This tail wheel reduced the ground angle by about - 4
It is calculated that in the power-off condition the 1ift
rccovered by the recommeanded gun fairings corresponds to

an increase in stalling angle as compared with the unfaired-

gun condition of 3 ., With the gun fairings on, therefore,
the ground angle could be increased by as much as 30 with-
out exceeding the stalling angle; hence, the pneoumatic
tail wheel no longer seemed necessary.

To verify this conclusion, a series of landings was
made with the original hard-rubber tail wheel installed
and the guns faired with the Grumman and the No, 1 fairing.
No ground-looping tendency was noted in any of the land-
ings. PFrom thesc landings it is evident that thec acrody-
namic sources of gromnd-looping teandencies wore climinated
by the gun fairings, It should be notcd, howover, that
this modificatior in no way affected the natural tendon-
cies of the airplane to ground-loop; in fact, the landing-
gear arrangement of this airplane appears less satisfac-
tory from this standpoint than do many others,

GENERAL REUARKS

The problems associated with the installation of wing
guns in the subject airplane appear to be of a rather gen-
eral naturec, For example, the difficulties that necessi-
tatcd the prescnt investigation were duc largely to the
introduction of discontinuitics in what is known to be the
most critical portion of thc wing chord, that is, tho up-
per surface of the wing in the immediate vicinity of the
lecading odgoce

Corroctive measurcs that might logically be cmployed
in future designs would Dde: (1) to lower the gun within
the wing possibly by turning the gun on its side so that
it would project below the stagnation: point, or (2) to
provide a faired opening with an air seal that can be
opened and closed in flight if it is considered necessary
to admit cooling air to the guns, From the standpoint of
simplicity of design and installation, the former alterna-




tive recommnends itself, ZFor ready adaptation, however, y
the installation should be incorporated in the original

design since structural limitations will generally prevent
relocation of the guns once the airplane has been con-

structed, as in the present instance,

The sscond alternative has the disadvantage that it
might require the added complication of a movable air
seal, This disadvantage would be compensated for, to a
"considerabloe extent, however, by thc roduced drag of this
installation as compared with the first and by the protee-
tion from adverse weather conditions that it affords the
gun o

Regardless of the fairing installation employed, pro-
vision must be made for bore-sighting the guns, This could
be accomplished most readily by first bore-sighting the
guns and taen inctalling the fairings so that the guns are
centered in the opeaings,., |Another problem that merits at-
tontion in connection with wing-gun installations is that
of minimizing the size of leading-cedge oponing reguirecd
toreover difforent setiings of thesgung:.In:this cohnec-
tion, consideration might logically be given the possi-
bpility of changing the angle of the gun about the muzzle
instead of about the front support., Whatever the means
employed, nowever, it appears desirable that some steps be
taken in this direction,

COIICLUSIONS

As a result of the flight investigation of wing-gun

fairings oa a fighter type airplane, the following con-
clusions may be stated:

le Tae installation of unfaired guns on the other-
wise clean wing resulted in a premature stall that in-
creased the stalling speed in the carrier-approach and
landing conditions of flight,

2¢ By suitably fairing the guns it was possible to
reduce the stalling speeds to very nearly the values cor- .
responding to the clean wing and at the same time elimi-
nate thec objcctionable stalling charactoristics associ-
atcd with the clcan-~wing condition, b
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3¢ For immedlate adoption on airplanes now in serv-
ice, a gun-fairing arrangement consisting of the Grumman
fairing on the projecting gun and a modification of this
fairing for the subuerged gun recommends itself largely
because of its simplicity.

4, An alternative and equally effective arrangement
consisting of the Grumman fairing for the projecting gun
and a faired wing opening for the uubmo“fod gun dependcgd
for its effectiveoness on the secaling off of cooling air
around the gun, so that in service means might havc to be
provided for opening and closing an air secal in flight,

5¢ In a serics of landings made with the original
hard-rubber tail wheel installed and the guns faired, no
ground-looping tendency was noted, The landing-gear
arrangement on this airplane, however, appears less satis
factory frou a ground-looping standpoint than do many
others,

Langley Memorial Aeronauvtical Lavoratory,
National Advisory Committee for Acronautics,
Langley Field, Va,
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Figure i.- Three~fourths front view of Grummen F4F-3 airplané with pneumatic tail wheel installed.
No guns installed. £
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CHORD LINE OUTBOARD WING GUN STATION e
| (SUBMERGED GUN)

CHORD LINE INBOARD WING GUN STATION

(PROJECTING GUN)

Figure 2.— Present locations of .50 -caliber machine quhs 1y
in wing of F4F-3 airplane. 0g,
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NACA Fig. 3

Figure 3a.- View of submerged gun in unfaired condition and projecting
gun with Grumman fairing., Rubber grommets installed around
edges of fairing and wing opening.

Figure 3b.- View of projecting gun in unfaired condition with submergea
gun removed.
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Fig. 4

Figure 4.- Views of No. 1 fairing on submerged gun and Grumman fairing on

projecting gun. Both fairings provide annular space about
1/8" wide around gun barrel or blast tube for cooling air.
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NACA

Figure 5.- Views of No. 2 (wide) fairing on submerged gun and Grumman
fairing on projecting gun. Both fairings provide annular
space about 1/8" wide around gun barrel or blast tube for cooling air.






NACA Fig. 6
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Figure 6.- Views of No. 3 (narrcw) feiring on submerged gun end Grumman
fairing on projecting gun. Both fairings provide annular
space about 1/8" wide around gun barrel or blast tube for cooling air,







NACA Fig, 7

Figure 7.- Views of faired wing opening for submerged gun and Grumman
fairing on projecting gun. Both fairings provide annular
space about 1/ 8" wide around gun barrels for cooling air.




