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MENORANDUM PEPORT

for the
Army Air Forces, Materlel Command
GENERALIZED SELECTION CHARTS FOR HOMBERS
POWERED BY ONE, TWO, FOUR, AND ST X 2000-HORSEPOWER ENGINES
I. CAPACITY AND ECONOMY '

By Maurice J. Brevoort, George W. Stickle, and Paul R. Hill
INTRODUCTION

This paper is a continuation of the report entitled
"Generalized Selection Charts for Bombers Powered by One,
Two, Four, and Six 2000-Horsepower mnrlugs" dated
July 6, 19 h2.

This supplement uses the data )resented in the
oviglnﬁl report to show the cargo which can be carrled at
various ranges, the pounds of cargo which can be carried
for a pound of fuel, and other “ravhs which simplify the
problem of quickly determining the cargo which can be
carried at any range. The information as 1t 1s presented
in the supplement is in a form that is more easily aﬁpllbd
to the economic or tactical oroblems.

The assumptions, selected narametovo, and equations
goplying to the original report apply without change to
the sugpleﬁ@nt. Thb single-engine bomber is not treated
in this supplement. It ig assumed that the gasoline and
bombs are completely interchangeable. This assumption
requires that part of the bomb load be distributed inside
the wings for short-range operation if a design load factor
of Ii is to be maintained.

The selection charts of tlhe main report are reprcduced

in two narts in the supplement, and the power loading of the

charts have been ex tended to 30 pounds per horsepower.



USE OF SFLECTION GHARTS

Performance selection charts extended to a power losd
of 30 pounds per horsepcwsr.ars. presented in figure 1%,
Part I gives the speed, the rate of climb, and the take-off
distance. Part II glves the‘maXimzm rangc with no bomb
load and gives the dlsposable load Wthh inpiuuvu the
gasoline, oil, and bombs. P

Figzures- lL(a);'lL(b),'émd 1li{c) show olots of cargo

_capacity (which is made up of gasoline, oil, and bombs) .
ﬁplottad against the range.for some bombsrq with a take-off

istance of 3000 feet. These plots are made by graphical
integratioq assuming that the cargo is carried one-half of the

.. range. The end points for thess curves are given in part II
- of the ‘Selection charts.: Tt may be seen that these curves

arc nearly straight lines for low nower loading and they are
lightly concave for high power loading. If the shape of
thes curves for each power 1oadln@ is observed, a good
estimate of the curve of range versus cargo for any bomber
on the selection chart may be drawn, By the use of  thesgé
curves many interesting examples may be worked out in regard
to cargo’ and economy for a given mission. s
Cargo Capacity
By the use of ‘the graphically-integrated curves, such
ag those.of figure 1l, the curves (figs. 15(a), 15(b), 15(e),
16La),v166b), 16(c), 17ta), 17{b), end 17tc)) of zonstant
cargo capacity for fixed ranges were drawn. These charts
show that the bomb capacity is almost entirely dependent
upon the power loading. Wing . loadwng has almost no
effect at a range of 1000 miles There is an optimum wing
loading for the 6000¢mile rap&e at high power loading and
1t comes in the range of practicable wing loadings.

It should be ”emombered that these airplanes.are all
calculated for & design load factor of l and when the \
gross weight is 1nhrea8fd the structural weight is also
increased to maintain this design load factor. This 1s
mentioned to contrast it to'the case of.a given-airplane
being overlooked by adding cargo directly.:. Such a procedure
gives an even more rapid increase with power loading than
is shown on the figures.
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HEconomy

e the use of figures, such as f1~ure WL, the amount
of bombs divided by the gasoline and 0il m&y be computed..
Fisures: 15(“), 15(e), 15(f), 16(d)s 16(e), 16(L); 17(d),
17(e), and 17(f) show charts ~1v1“g ‘the ratio of bombs to

gagoline and oil. This ratio attains importance when the
supply problem becomes critlical, as dn thesceasse .of an air:..

base ohtaining its supplles by air transport. These. .
charts are built on the ass umptioq that the bombs and :
gasoline are interchangeable, The charts for 1000 miles

range requlre approximately 15 percent of the cargo to be. .

gasoline and oil load while those for 6000 miles range
require at least 58 percent of the cargo to be fuel load.
The determination of the most desirable degree of: inter-
changability of gasoline and bombs is beyond the scope of
this paper.

The importance of power loading is again shown by
these charts and the effect of wing loading is more
marked than on the cargo-capscity charts. In contrast
to the cargo-capacity charts, there seems to be an
optimum power loading in the nsighborhood of 25 pounds
per horsepower.

An interesting approximation to the economy for any
range may be obtained 1f it is assumed that the curves of
figure 1l are straight lines. From the geometry of
figure 1l it may be seen that

bomb load g Rmax - R . Rmax 1

weight of gas and oil R R

where Rpsx 18 the maximum range with no bombs and R
is the range of operation (round trip).

An interesting corollary to this equation 1s obtained
by multiplylng both sides of the equation by R.

Then

bomb load X miles

Bmax - R
weight of gas and oil



Mgure 18 gives the cross plots of the economy curves
of figures 15, 16, and 17 for a take-off run of 3000 feet.
However, thesge cunrves have been extended to include a
power loading of 30. These curves bear a strong resem-
blance to curves of maximum range with no bomb load '

(fig. 2(a) of the original report). . In each case a power
loading of 30 has an economy less. than at 25, The economy

of the two-engine bombher falls somewhat below that of the
four- and six-engine bombers. ' At low power loading the
six-engine bombers are superior to the four-engine bombers
and at high powsr loading the four-engine bomber 1s more
economical.

Langley Memorial Aeronauticel Laboratory,
National Advisory Committee for Aeronautics,
TLangley Field, Va., September 19, 1942.
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