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FATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

EMERGENCY MEASURES FOR INCREASING
THE RANGE OF FIGHTER AIRPLANES

By Robert T, Jones and Joseph W. Wetmore
SUMMARY

An analysis was made to show the relative effective~
ness of streamline external fuel tanits, a fuel tank in
the form of a wing mounted in a biplane position, and
auxiliary wing panels attached at the wing tips to in-
crease the span as temporary means for increasing the
range of a fighter-type airplane. The airplane con-
sidered is representative of either an Army or Havy
single-engine heavy fighter. Figures and charts for the
various devices considzrsd show the results of calcula-
tions of range, duration of flight, and take-off distance
for both land~-base and carrier operation,

The results indicated that the Wing-tip extensions
were the most promiging of the devices considered. It
was estimated that 10-Toot tip extencions - that is, an

increase in span of 20 feet - used in conjunction with g
streamline external fuel tank would increase the range

of the airplane 125 to 130 percent without any increase
in the distance required to take off from either a land
base or a carrier. With 5-foot tip extensions, the range
would be increased 65 %o 70 rercent, under the same limi-
tatiorns, The tank wing was found to cause some reduction
in the efficiency of the airplane in terms of miles per

gallon., The added area would permit a greater fuel load
to be carried, however, for a Ziven take-off distance and
the range would therebty be increased. TFor s given take-
off distance from a land vase, the calculated increase in
range due to the tank wing was about 45 percent, The in- -
crease for a given carrier take-off would be about 20
percent. Increasing the range 50 percent bty carrying

extra fuel in a stresmline external tank without any
other modifications to the airplane would require an



increase of 20 percent in take-off distance frecm a land
base and 32 percent from a carrier.

INTRODUCSTION

The range of fighter-type airplanes is ordinarily
relatively short because of high span loading and limita-
tions on thP space available for fuel. Permarent modi-
fications in the design of the airplane to achieve longer
ranges wculd not be abceptaole.because of the consequent
impairment of other characteristics that are ordinarily
of greater importance Under certain circumsiances, how-
ever - for example, f“r ferrying purposes - it would be
of great value t9 increase the range of fighter airplanes
by temporary devices, despite sacrifices in other perform-
ance characteristics., -

Consideratle incrgases in range may be obtained by
carrying streamline externel fuel tasnks buit cnly at the
cost of a pos 1bly prohibisi increase in take ~'ff disg-
tance. Several methods deszfnﬁd to increase the range
without increasing tha takﬁ—olf digstance, have bﬁen sug-
gested, One of these methods coasists css sentially in

making the external tank in the shape of an airfoil to
increase the total wing area. Another method consists

in adding area a% the wing tips, which has the advantage
of increasing noct only the wing area for take-—off but
also the span and, thoreby, the efficiency in terms of
niles per gallon of fuel, Such area night be added in
the form of temporary extensions attached in plzcec of the
remcvable fairings on the original wings,

Determination of the most expedient method will de-
Pend on a number of factors outside the field of %he
present investigation such as pilot endurance, area
available for take- off znd structural conqldclat ons.,

[6]

The following analys is intended to UlC"l € a corpar—
icon of the cuggp ted math0¢q on the basis of maVimrm at-
tainable range, flying time required, and take-off dis

tances from ern er a land bYase or a carrier. The Cal~
culations weve made for an airplane the characteristics
of which may be considered representative of either an
Army or Navy single~ engine heavy fighter,
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ANALYSIS

Airplane.~ The characteristics of the airplane con-

sidered in the analysis are:

Wing area, square feet . . . . . . . . . . . .o 310
Wing span, feet . . . . . . . . . . . . . . . PR 41
Wing incidence angle, degrees . . . . . . . . ... 2
Ground angle (longitudinal axis), degrees . . . . . 12
Empty weight (design grogs welgnt less .
normal fuel load), pounds . . . 11,000
Engine displacement, cubic inches . . . . . . . . . 2300
Supercharger s s e - v o v v« two-gtage, gear-driven
Propeller . . . . . . . . . . three-blade, constant-speed
Propeller gear ratio . . . . . . . . . . . e e 211
Maximum speed at ses level, miles pef hour ., . . , 317
Capacity of internal fuel tank, gallons . . . . . . 300

A sketch of the airplane with a tank wing of 30C-
gallon capacity (4-ft chord by 20-ft span) iz showr in
figure 1., In figure 2 the airplane is shown with 10-foot
wing~tip extensions (area increas se, approx. 80 sq ft) and
a 800~~a110ﬁ streanline external tank.

Calcvlation of range.- Ths range was calculated by
the Breguet formula, which takes accouut of the coantinu-
ous reduction in power required to cperate at constant
lift-drag ratio. The ecuation is

‘ El
= 375 -g- ~t
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t
wac assumed to be that of an ellipsoi
t

where

R range, milesg
n. average propulsive efficiency during flight
¢ average cpecific fuel consumption during flight,

pounds per horsepower-hour

airpiane

iy

L/D lift-drag ratio o

W, weight of airplene at take-off
t &€
We weilght of airplans with tanks enpty
Calculation of aercdynamic efficlency L/D,- The
alues of aerodynamic efficiency L/D for use in the
range cguation were computed from the reiation
Lo :
D ~ -
1.0757¢ v’f/p'»r”
W/oT2 T 1,075 py @
where
f parasite area of airplane
W weight of airplane
p mass density of air
v true ~airspeed, miles per hour
- ’ &
b, effective span

For the original airplane, ths valus of was calcu~

lated from considerntion 0f the maximum speed and corre-

sponding power outnau of the engine, Increments in baras=
site arcea dub the c¢xternal tanks, the tank wing., and the
wing-tip extensions ware cetimated by det ermining the wetted

o=
areas of these additions ‘and m;]tlolv1vo by 2 skin-friction
coefficient of 0,005, rTepre

Y o turbulent boundary
layer, For the stro ranline extern nks, the wetted ares
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rag of a faired tank has been found to be slightly lesgs
than that cbtained by this method.

For %the normal airplane and the virplane with wing-

tip extensions, the effective sspan bc was assumed to be
s0 percent of the actual span. For the tank wing, the
effective span was teken as the effzctive span of ths
original airplane multiplied by Munk's span factor: the
value of the factor for the configuration assumed (figo 1)
vas taken from refererce 1; and the assumpiion that the
lift would bve distributei between the two wings in pro-

portion to their respective areas was used.

The curves of L/D againsﬁ where W is
the a2irplane woeight with any fuel lsad and ¥ is the true
airgspeed ot an asltitude of 10,000 feet, are plotted in fig-
ra . 22 A 0 Al )
ure 3{a) for the ricvs nodirications of ths airplanc
e n

airplane ccafiguration

ti
Ta
The curve for a givr
lotted in this MEnner.,

of lozding when p

Celenletion of engiva-propellar efficiency n/C =~
Values of propuleive cfficienao: n were computed from fulle
scale test dstn on a suitatle propeller-nacelle combination,
Specific fuel consumption € was determined from manuface

T 1 i

turerts perfornwncb charis

was assumed that the wngine was operat r in low blower nnd
subject to the limita*ions on engine speed and manifold
pressure specificd for the cruising power conditicn, The

"
values of C weare increascd 5
0il consumption, The maximum v
determined for several valucs

kre ]

]
-

(¢}

L o rsepcwsr ot ene
of a number of sirspseds: o2 alt ltlm: of 10,C00 fect was
assumed, It was fTound that the maximum value of n/C at
a giver airspsed is practizally uwnsffected Py considerablie
variations in power, with the result that g single curve
of 0n/C againsi true air speed, given in figure 3(5),

r
could he used for all the airplane modificsiions considered,

Determination of loading,
was estimaited on the basis of
value was iucr s
The weight ©f th
weignt of the %
weight of the fuel the tanks g
welght of the : 4 ext
square foot of ar
eral modifications of ths airplane




the calculations are given in the following tablse:

S — L. ———
| Total fuel | ZEBupty Take-off

Conéition capacity | weight wolght | W/,

, (gal) (19} (1%)
Norral zirplane 300 11,000
200-gsllon externsnl :
tank added 600 11,319 15,092 11,333
5-icot wing tips
acdded 360 11.1858 15,043 | 1,158
5-f00t wing tigs ond
Z00-gaellon cxternal
tank added 006 11,474 15,247 | 1,328
10-foot wing tiws ! ;
added aGo 11,500 13,182 i 1.166
t
600 | 11,619 ! 15,392 | 1,324
: !

Calculetion of soke=~07f distence. - Takewofs digtances
from both » land base and & carrvier 72re conmputaed for the
various airplane conditions. For the land-base takas-cffs,
the distance requirsd to clear a S50-foot oovstacle was ip-
cluded, It was assumed thnt flaps would uot be wser and
that thers vas no winad. fihe ground-run distances wors
ccnputed by ths method of reference 2, The talra-cf
was taken a2e 5 percent in excess of the power-ofi g%
speed and the rollinzs-friction oo efficlvu,, as 0,058
run distances were estimated fron 22 Tesults of a3t
step intemﬂﬂtlons 0of the alr-run fligh rath, dbasszd
the assumption that the Lirs coefficient at whick 4% ha
plans tabeq of £ w ald,be maintainsd up $o +the 50-foot
height, For the carrier take-offs, only the dictaice Tem
quired to attain takc-~off speed was calculated. Zsgtimation
of take~off specd was bascd on the assumption that the tail
wheel would bte in zontact with the dock at tate-off. The
airplane was assumed to he equipped with partial-span
slotted flaps thsat would be deflected 309 for carrier takom
offses The deck-wind velocity was taken ns 25 krnots snd the
rolling~friction co“ffivient o8 0.02.. The method of refere

-
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2 was used for the calculation of the take-off dig-~
s

For btoth land-base and carrier take-offs, account
was taken, as well as possible, of the effects of slipstre
and prozimity of the ground. Lifs inc"ements due to the
slipstream were estimated from the semi enpirical formulas
given in reference 3, The parasitc drag of parte of the

£

airplane in the slipstream was assumed 10 be increased
proportion to the increase in dynamic Pressure in the
stream. It was assumed that the indvced drag associate
with the 1ift increment due to the slipstream would be
same as though this 1ift increment were obtained with a
flap having a span egual to %he siipstream diametor. T%
effects of grournd interference on the lifte~curve s
induced drag were estimzted on the basis of Wicsel
adaptation of biplane theory (refarcnsze 4),
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Ir the upper right~hand section of the chart, curves

.. . . s L w
defining the relation between 1 2 and Jt/we for con-
) CD

stant values of range are plotted. The lower part of
the chart chows the variation with ﬁL/I of tako-off
distarnce from a land base or a carrier 1or the various

i
airplans configurations.

.The method c¢f using the chart is indiecated in fige
ure 4 by the dashed lines drawn betwecen the small circles
on the curves and scales. The case illustrated is that of
estimating the maximum range and duration of flight of the
normal airplane for which the take-off distance from a land
base is limited to 2500 feet, A line is drawn vertically
from the 2000-foot point on the land-base take~oif cCurve
for the normal airplane through the Wg/¥Ws, scals and up

to the range section., Another line is drawn horizcnially
o m~ T
from the psak of thes proper ?‘i curve 0 intersect the
vertical iine. (It will be nchead t1at the valus of 2 L
‘ D
1s between ths peals ¢f %the no-~external-trnk and the 3C0-
gallon~external-tank curves %o take account of the fact
that en intermediate external-tarnk aizs isg reguired for
the case assumed in the exzemple.) The intersection of
the horizontal and vertisal lines gives the valwue of
maximum range - about 2030 miles for the example, In
order to estimate the nsan velocity, a vortical line is
drawn down from the point corresponding to the walue of & %

used in determining the range. Thae PO
cf $his line with a horizontal lin:

nt of intsrsection
e ¥ T I
€stablished point on the Wy/W, scal

om the previously
3 < Spe\:,d.

t
of the flight - about 206 milss mer hour for the examnle,
The duration of the flight is given by dlvig
by the mean speed and is found to bhe about
The same prodedure would be followaed for *+
off from a carrier, using the carrier take-
stead of the land-base curves.

Figeres 5 and & have beon Freoprred from the chart in
figure 4 to provide & more dircet compariscn of the wvarious
means for increasing the range, Figure b ghows the minimum
take-off distances and the correcsponding duration of flight
plotted against range, Figurce 6 gives the variation of
take-off distances with ronge when the duration of flight
for a given range is the same for all cases as inat for .the
original airplane operating at mazimum efficiency.
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Strearline external tank.- In f3 tgure & it is shown
that, by increasing the fuel capacity of the airplane fron
300 tc 600 gallons through the use of a streamlins 2xternal

tank, the maximum range would be increased frou about 1450
to 2600 miles or about 80 percent. The teke-off distance
from a2 12nd base would be increased Trom 2160 Feet %o
2940 feet cr about 35 percent. From & carrier, the takee
off distance would be increased from 308 to 500 feet or
about 62 percent., The extent to which an increase in
take-off distance from a land bose wou uld be acceptadle
denends, of course, on the size of airfield available,
For carrier opersticn, however, any material increase i
take-of £ distance would probably be =2 szsrious disadvantage,.

Zank wina. - The
roviding
ay take o
ngﬁ missions 2nd, at 4
1 r this extra fusl T
j¢] be mounted 23 th
sacwn in figure 1, With
theoretically possidle %o
the airplane to some exten
would be required for sthe
r
b

S escgentially 2 temwvorary
area in order that %
reater fuel load for certain
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The effect of thig reduced efficiency ohows in fizure 5
as a reducticn in range from 2609 to 2440 miles with a 600~
gallon fuel load, Fne teank wing does, however, give an
increase in range for a given taks-off Cistance, becausec of
the greater fuel load that can be corried, For land~base
operaticn, the tank wing increases the rangz Trom 1440 4o
2100 miles or abou: 45 percent for the same take-off dig—
tance as for ths original airplane with the normal full fuel
load of 300 gallons, For carrvier cperation, the rangze would
be increased to 1750 miles or about 20 percent, :babeffsc~
tiveness of the tank wing for carriecr operation in comparison
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fl?p on %the original wing is used for the carrier take~nffsg
and the added wing area due to the tank wing does not, in
thais case, prorortiocnately increase the takewoff 1lifj

k Tf 1ifsg,

Wing~tin exteonsions,- Increasing the span of an aire
?lane,OEher things remaining equal, will proportionately
increase the marximum range aittainable with g giver fuel
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back in the wing-tip extencions or by properly disposing
the fuel load carried in oxiernal tanks. Wing-tip exten-—
sions might be designed with sufficient dihedral angle to
improve spiral stability, if necessary, in order that the
pilot could fly with rudder alone in smooth air.

The use of wing-tip extensions, either alone or in
conjunction with streamline external fusl tanks appsars to
be the wost effective of the means considered for inpr;131ng
the range attainable with fi ghter airplanes. Not only 1is
the efficiency of the airplane increased, as shown in fig=

ures 3 and 4, with the result that the range with a given
fuel load is greater, but also the added wing area will

give a subdstantial improvement in takg—off distance. .In
Tligure 5, the maximum rangc of the airplane with 600 gallons
of fuel is shown to be 1nbﬂea<ed from 2600 to 3030 miles
with B-foot tip extensions and to 3450 niles with 10~foot
tip extensions. It is alao shown that, without exceeding
take~off distance of the original ai irplane from either a
land base or a carrier, the. range is increased from 1440

to adout 2400 miles or almost 70 percent with 5-foot tip
isions and to about 3300 miles or betwecen 125 and 130
nt w1th 10-foot tip extensions. The Wing-tip exten~
ih contrast with the tank wing, appear equally

in increasing the range for a given take-off
from either a land base or a carrier becausb the
ed lift-curve sl,pe with the wing-tip extens ions

relatively higher take-off 1lift for the flxed"

attack of tne carrier take-offs than is obtained
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12
CONCLUDING REMARKS

Of the methods considered for temporarily increasing
the range of fighter-type airplanes, the use of auxiliary .
wing=tip cxtensions ampears the most pronising., For the
airplane considered, it was estimated that 10~foot exten-
sions ~ that is, an increase in span of 20 fset - used in
conjunction with an external fuel tank would increase the
range of the airplane 125 to 130 parcent without any .in-
crzase in the distances requirad to take off from cither a
land base or a carrier. With 5-foot tip extensions, the

‘range would be increased 65 to 70 percent, under the same

limitations.

. An auxiliary wing of 4~foot chord and 20-font span
nounted above the main wing and providing tank capacity
for 200 gallons of extra 7. 21, was shown to give somewhat
lower effioiency in terms of miles per zallon than the
original airplane with the extra fuel carried in s stream-
line external tank. The tank wing would permit a greater
fuel load to be carried for a given take-off distance
because of the added wing area, and the range would thereby
be increased., For a given take-off distance from a land
base, the increase in range was estimated to be about 45
percent., The increase for a given carrier take-off would
be about 20 percent.,

Increasing the range 50 percent by carrying extra
fuel in streamline external tanks without any other modi-
fications to the airplane would entail an increase of
20 percent in take-off distance from a land base and

32 percaznt from a carrier.

Selection of the most suitable method for a rarticular
application will of course depend on other factors besides
the attainable range and take-off Perfermance, such as
structural problems, pilot endurance, and area available
for take-off, For example, if in a given casz the duration
of #ligh% with external tanks alone is equal to the endurance
of the pilet and if the area and the span availatle for take-
off are adequate, there will be little advantage in the wuse
of more efficient methods,

Langley Memorial Aesrcnautical Labtoratory,
Natioral Advisory Commititee for Aercnautics,
: Langley Pield, Va.
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