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SUMMARY

An analytical investigation has been made to determine the
relative performance of large teilless and conventional airplanes.
Tnasmuch a8 there hag been a great deal of interesgt in tail-boom-
type alrplanes having only a wing, booms, and talls, this type of
airplane has also been included in the performsnce comparison.

In the annlysis certain asswmptionse were made regarding weight,
drag, and stability which have not been wholly confirmed. The
findings must therefore be considered ag tentative pending confirma-
tion by edditional research. The principal conclusion drawn from
this analysis was that large all-wing tailless airplanes may have
better performance characteristics than their eguivalent conventional
airplane or tail-boom airplanes for certain types of missions.

INTRODUCTION

Tn recent yesrs much interest has been showm in all-wing tailles
airplenes because it has been believed that this type might have
considerably better performance than conventional airplanes having
a normal fuselage and tails. Some research has been conducted on
the problem of providing satisfactory stebility and control for
tallless alrplanes. The results of this research as summarized
in reference 1 have indicated that the flying qualities of tallless
airplanes might be made satisfactory. Before continuing the
studies of the flying qualities of tailless ajrplanes, however, it

appeared to be desirable to determine whether thie type of .alrplane
offers any real advantage in performance over the conventional type.
A generalized performance comparison of taillese and conventional
alrplanes has been made, therefore, in an effort to determine the
relative performance of thege two types of airplanes. This analysis
considered only performance and did not include special considerations
such as reduction of troubles due to compressibility at high speeds
or facility of loading the airplanes.
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Tt was realized that tailless airplanes could not be expected
to show an appreciable advantage over the conventional-type airplane "
unlese the tailless airplane was large enough to carry all its load
within the wing and thus eliminate the'whole fuselage. A direct
comparison of the all-wing tailless-type airplane with the conventional-
type airplane, however, is generally difficult because in ovder for
the tailless airplane to have the seme landing speed as that ol a
conventional airplane a lower wing loading is required. This differ-
ence in wing loading of the two types, caused by the absence of the
tail as an efficient means of trimming the airplane at high 1ift
coefficients, immediately suggested the tall-boom type of alrplane.
This type might have the same wing loading as the conventional air-
plane, tail booms that are emaller and lighter than a fuselage, and
slightly emeller tail surfaces than the conventional airplane. The

large enough to carry all Its load within the wing 1f any performance
gain is to he expected.

The results of an analysis, which was made to establish a
generalized comparison between conventional, tail-boom, and tailless
airplanes and would aid in determining the desirability of further
research on the tail-boom and tailless types, are presented herein.

The results show the performence possibilities of the three - ‘
types and supply information that will aid a designer in selecting
the. configurations that will give the optimum verformance
characteristics.

Tn the present investigation, calculations were made for the o
three types of airplanes (conventional, tail boom, and tailless),
illustrative sketches of which are shown as figure 1. These
skotches do not necessarily show the airplanes for which the .

" ecaleulations were made but merely illustrate the general char-

acteristice of the three types of airplanes as they might be
designed according to the assumptions made in the present paper.
The performance characteristics considered were top gpeed,; range,
rate of climb, take-off distance, and service ceiling. An analysis
was also made of the space available for passengers, cargo, and

The results of the calcwlations are presented as plots of the
performance characteristics on identlcal coordinates of power loading
and wing loading; thus, the optimum performance to meet a given
set of requirements is very simple to choose,
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Performance comparisons of the thred types of airplanes were
made on several bases - equal power loading and wing loading,
equal. landing speed, equal take-off distance, and a requirement
specifying number of passengers, range, and lanlind gpeed.

SYMBOLS

aspect ratio (b2/S)

wing span, feet

total propulsive efficiency
brake horsepower

minimum specific fusl consumption

Ve 17

lift coefficient / - E4 ,\\
\ B8(1.457)2
\

drag coefficient //' i ,\>
| 8 Bs(1. uozv)’/

airplane profile-drag coeflicient

drag coefficient due to flap deflectien

total effective drag cocefficient for take-off run
induced-drag coefficient

drag coefficient due to ground friction.

drag coefficient due to landing gear

1ift coefficient at instant of take-off

drag, pounds'

- airspeed, miles per hour except where otherwise indicated

landing speed, miles per hour

top speed, miles per hour
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. take-off speed, miles. per hour except where. otherwise

indlcated

wing area, square feet

wing chord, feet

airplens gross weight, poﬁﬁ&éx

wing loading, pounds per square foot
power loading, pounds per brake horsepower

waximumm frontal area of fuselags, tail boom,,K and nacells,
square feet

design load factor

fuel weight, pounds

ground -friction bUUa*LClCMt

thrust, pounds |

span efficiency factor, taken as 0.80 in tﬁis anal&sis
maximum lift-drag ratio

mass density of .air, slugs per cubic foot
total tail area, square feet

range, miles

take ~of I distance, feet

rate of climb, feet per minute

service ceiling, fest

indicated alrspeed, miles psr hour

number of pagsengers

bomb load, pounds
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METHODS

Description of the Airplancs

In order to realize the maximum performance possibilities of
the tail-boom or tailless airplanes, all the load should be carried
within the wing. The design of one all-wing airplane indicated
that an airplane of about 10,000 brake horsepower was large enough
tc be an all~wing tailless bomber and carry all its load within the
wing. Previcus calculations, the results of which are vresented
in figure 2, were analyzed to determine approximately how large a
tail-boom or tailless airplans should be in order to carry passengers
within its wing. In analyzing this chirt it was realized that, at
a given wing loeding, lower power loading indicates better performance;
thus, if the power loading required for a tail-boom or tailless
airplane to carry the same number of passengers at about the same
wing loading as a conventional airplane were much greater than the
power loading of the conventionsl airplane, the conventional type
could be expected to have the best performance. The analysis of
figure 2 indicated that calculations of relative periormance were
- warranted for airplanes with 21,000 and 42,000 brake horsepower,
but that airplanes with 10,500 braeke horsepower were too small to
be all-wing passenger or low-density cargo transports. The per-
formance calculations for these larger airplanes were considered
to be indicative of the relative performance of bombers down to
10,000 brake horsepower; therefore, no performance calculations were
made for the airplaneg with 10,500 brake horsepower .

The same total power was assumed for each of the three types
of airplanes. Tho 21,000-horsepower airplanes were assumed to be
powered by six 3500 brake-horsepower engines, and the 42 000 -horsepower
airplanes were assumed to be powered by twelve 3500 brake-horsepower
engines. The range of power loading covered in the present investi-
gation was from 4 to 28 pounds per brake horsepower and the range
of wing loading covered was from 20 to 100 pounds per square foot.

An aspect ratio of 10 was assumed for each of the three types
of airplanss. The other wing plan-form parameters were not
established except that the tailless airplanes incorporated some
sweep 80 that the deflection of the high-1lift flap need cause no
change in trim. Reasonable variation of the wing plan form would
not be expected to affect the performance appreciably.

The tailless airplane would probably be uvnable to obtain as
high a value .of maximum lift coefficient as the conventional and
.tail-boom types. The assumed values of maximum lift coefficient
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were 2.4 for the conventional and tail-boom airplanes and 2.0 for
the tailless airplane. These values were considered to be about the
meximum practical values. The flaps were agsumed to be of the
balanced-split-flap type which, when deflected to small angles for
take-of f, produce comparatively low drag.

Tt was assumed that each of the three types of airplenes
should have the seme directional stebility; the sizes of the vertical
tails were computed accordingly. The areas of the vertical tails
of the conventional airplanes, the tail-boom airplanes, and
the tailless airplane were 12, 9, and 15 percent of the wing
arcag, respectively. The areas of the horizontal tails of the
conventional and tail-boom airplanes were assumed to be 18 and
5 percent of the wing arcas, respectively.

Appendix A and references 2 and 3 present additional details
regarding the assumptions concerned with the design of the
airplanes.

Calculations

The first step toward making generalized performance calculations
for a series of airplanes, such as was required in the present
investigation, was to make certain gencral assunpbions regarding
factors affecting the powsr, drag, weight, and cargo space. These
essumptions, which are discussed in detail in appendix A, actually
constitute a further and more detailed description of the alrplane
than was given in the preceding section of the text. The Jjusti-
fication for the formulation of these general assumptions is fully
discugsed in reference 2., After these basic agsumptions were
established, the performance calculations were made in a conventional
manner for a systematic series of airplanes of various sizes. A
detailed description of the methods employed is given in appendix B.
The performance characteristice of the various types of airplanes
were then plotted ag functions of power loading and wing loading.
This system of presentation of the data and the use of the charts
are discussed in appendix C.

Previous investigations for conventicnal airplanes, including
comparisonsg of calculated performance characteristics with those
measured in flight, have indicated that all the calculated character-
istics, except rangs, are probably accurate within 2 or 3 percent.
Because of the great effect of structural weight on range, small
errors in estimating the structural weight may cauce appreciable
error in the range computation. For instance, a 5-percent change
in structural weight may alter the computed range by 10 percent.
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Experience has shown that the structural weights for conventional
alrplanss can be estimated with a fair degree of accuracy. The
assuwned relative structural weights of the three types of airplanes
are believed to be quite logical, and the resulte of the range
calculations are believed to be qualitatively correct in all cases.
Nevertheless, the range calculations for the tail-boom and tailless
airplanes wers repeated for alrplanss having 90 and 110 percent of
the estimated structural woisght in order that the effects of such
variations in structural weight might bc interpreted.

It should be pointed out that the calculated performance character-
istics of these airplanes may not be directly comparable to those of =
some present-day airplanes. This fact is true partly because the
drag and particularly the weight estimates used in the present
calculations are fairly conservative and partly because of differ-
ences in design load factor. ’

RESULTS AN DISCUSSION

General Performance Comparison

The results of the performance calculatione are presented in
figures 3 to 6 as generalized performence selecticn charts which
give the performance characteristics of each of the three types
of airplanes at each combination of power loading and wing loading.
The charts are plotted on identical coordinates of power loading
and wing loading and may be superimposed to get a genersl comparison
of the three types of airplanes over & large range of power loading
and wing loading. Figures 4 and 6 are compesite selection charts
presenting a direct comparison of the top speed, range, and take-off
distance for the conventional, tail-boom,and tailless asirplanes,
These figures were evolved from the data from figures 3 and 5 in
order to facilitate the selection of the proper power loading and
wing loading to give the optimum performance.

The selection charts (figs. 3 to §) show that, at the same
values of power loading and wing loading, the performance of the
tailless alrplenes will be dsfinitely superior to either of the
other two types and that the tail-boom aivrplanes will have slightly
better performance than conventional airplanes. The difference in
top speed and range among the three types of airplancs is appreciable.
The top speeds of the tail-boom airplanes were of the order of
5 miles per hour faster than those of the conventional airplanes;
whereas the top speeds of the tailless airplanes varied from about
25 to 40 miles per hour faster than the speeds for the conventional
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airplanes. The ranges of the tail-boom and teilless airplanes

were 150 to 800 miles and 900 to 2000 miles greater, respsctively,

than the range of the conventional airplanes. Little or no

difference, -however, existed among the service ceiling, teke-off
distence, and rate of climb of the three types of airplanes. The
gorvice ceiling and take-off distance are primarily functions of

power loading and wing loading, and the rate of climb at low altitudes
and at the speed corresponding to the maximum lift-drag revio ls almost
entirely a functicn of power loading.

It appears that the tail-boom sirplanss will have a small
margin of performance over the comventional airplanes and that the-
tailless airplanes will be definitely supericr to each of the
other types. A direct comparison of the selection charts, however,
neglects several features which are very important in a comparison
of the three types of airplanes. For instance, such a comparison
doss not show the relative performance if certain landing-speed
requirements are met, nor does the comparison indicate whether the
airplanes will have sufficient &pace tu ‘carry their pay load in
the form of passengsrs or low-density cargo. A comparison of the
airplanes is therefore made based on consideraticn of several
parameters which are of concern to the airplane designer or operator.

Performance Variations with Structural Weight,
Landing Speed, and Take-Off Distance

The structural weight of the airplanes does not affect any of
the performénce characteristics except the range. The variation
of range with structuvral weight for the tail-boom and tailless
airplanes is shown in figure 7 as range selsction charts calculated
for the airplanses at 90 and 110 percent of the estimated structural
weight. The results shown in figure 7 are presented more simply
in figure 8. The range varies inversely with structural weight and,
for small changes in structural weight, the variation is almost
rectilinear. The range data may therefore be extrapolated to cover
airplanes having structural weights slightly greater or less than
those uged in these calculations. In order to determine exactly
the effect of variations of structural weight, cross plots of the
data from the range selection charts may be made similar to those
of figure 8. Figure 8 shows that o l-percent reduction in structural
weight may increase the range of these alrplanes from 50 to 100 miles.

A comparison of the performance characteristics of cénventional,
tail-boom, and tailicss airplanes having the same landing speed
is not readily apparent from examination of the selection charts
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because of the lower maximum 1ift coefficient which the tailless
airplane may be expccted to obtain. Figure 9 was therefore prepared
to illustrate the relative performance of the three types over a
range of landing speed. The date presented in figure 9are quanti-
tatively correct only for & power loading of 14, but the comparison
of the three types of alrplanes is qualitatively correct at any
power loading. The performance margin of the tail-boom airplanes
over the conventiohal airplanes is the same as that obtained by a
comparison on & basis of equal power lcading and wing loading,
because the maximuh 1ift coefficient of the two types is equal.

The tallless airplanss, again, are superior to either of the other
two airplans types, but the margin of superiority is somewhat less
than that obtained when the comparison was based on egqual power
loading and wing loading for each of the three airplane types.
Althouzh this comparison doss not show the top speed of the tailless
airplanes to be so much greater than the conventional airplane as

a brief examination of the selection charts might indicate;some
improvement in the performance is gained by & shorter take-off run.

In order to illustrate the comparison of the other performance
characteristics of the airplanes for equal take-off distence,
figure 10 was prepared so that a performance comparison could be
made for a range of take-off distances. Figure 10 was constructed
by cross-plotting the data from the selection charts for a power
loading of 1k and is directly applicable only for this power loading.
Similar charts, however, could be prepared for comparison on any
basis. The data presented in figure 10 indicate that the teil-
boom airplane has a small advantage in performance over the conventional
airplane when their take-off distances are the same. Similarly, the
tailless airplane is shown to be definitely superior to either of
the other airplans types except that the landing speed, as indicated
by the wing loading, would be higher.

Performance Comparison Besed on an -
Arbitrary Design Specification

The most logical comparison of the performence of conventional,
tail-boom, and taillegs airplanes should be based on & design :
specification similer to that which confronts an airplane designer
when he commences the design of the new airplane. A degign specifi--
cation was set up which gave the number of passengers or weight of
bombs to be carried for a given range by an airplane having a given -
landing speed. A comparison was mads of the conventional , tail-
boom, and tailless airplanes, consistent with the specifications
and having the highest possible performance (top speed, take-off
distance, rate of climb, and service ceiling).
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Before the proposed comparison could be made, it was necessary
to prepare an additional selection chart to determine the load-
carrying capacity of the various airplanes. These charte consldered
both the space available for the pay load and weight of the pay
load for = given range. Such charts are presented in Ffigure 11 and
show the number of passengers or amount of bomb load that can be
carried for a given range: The charte are made up by using the
space charts of figure 2 and an interpretation of the range charts
where the disvosable load not required to obtain the given range is
assigned &g pay load. The curved (left) part of the lines of
congtant load represents the region in which the pay load of the
airplene is limited by 1ts weight-carrying capecity, and the
straight (right) part of the linés represents the region in which
the pay load of the airplane is 1*mited by the space available for
that load.

- The selection charts of figures 3, 5, and 1l were used to
determine the performance characteristics of the best possible
airplane designed to meet the following specifications for both
the 42,000~ and 21,000-horsepower airplanes:

Landing :
speed Renre Toad
(moh) (miles)
70 3000; 5000 | Passerigers ' -
100 3000; 5000 | Passengers
100 e 5000 Boubs

" The performance characteristics of the airplanes gelecteod as
having the best performance consistent with a specified landing
speed and renge are presented in figure 12 as functions of the
load-carrying capacity (passengers or bombs) .

Bxamination of figure 12 shows that the tailless alrplanes
had the best performance of the three airplanes types for all the
conditions investigated except for the eéxamples Involving passenger
trangports having 100-mile-per-hour landing speed and 3000-mile
range. Tor this case the conventional alrplanea wore found to
have the best performance.

The three types of airplanes were also compared on the basis
of the same arbitrary design gpecification but with assumed values
of maximum 1ift coefficient of- 2.0 for the conventional and tail-~boom
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airplanes end 1.4 for the tailless airplanes. The results of this
comparison are not presented but they were similar to the results
ghown in figure 12 except that the margin of superiority of the
taillegs airplanes in most cased was diminished. -

The reason the tailless airplane has the best performance for
some tacks whereas the conventional alrplane has the best performance
for others may be ascertained from figure 1l if it is recosnized
that (1) at a given wing loading, lower power loading means better
performance and (2) the difference in wing loading of the airplanes
required to give the same landing speed is relatively emall. At
low landing speeds (that is, low wing loading) the power loading
regulred to haove an airplane large enough to carey a given number
of passengers is limited by the weight-carrying capacity of the
airplane; whereas at high landing speeds (that is, high wing loading)
the power loading required is limited by the space available for
pay load. Because of the lower structural weight, the tailless
alrplanes may have lower powsr losdings and carry the same weight
and hence have the best verformance vhen weight-carrying capacity
is the limiting Tactor ag 1t 1s at low wing loadings. Similarly,
because of the greater cargo opace avallable, the conventional
alrplenes have the lower power leadings and bethter performence when
cargo space is the limiting factor as it is at high wing loadings.
At moderate wing loadinge, of course, either type of airplane might
have the better performance depending upon the design range.

Tt 18 interesting to note that the tail-boom airplanes have
the limitetiong which caused the conventional or tailless airplenes
each to be the poorer in a glven region. That is, the structural
welght of the tall-boom-airplane is very nearly the same ag that of
the conventional airplane; therefore, in the low wing-loading range
vhere the weight-carrying capacity is the determining factor, the
performance of the tail-boom airplane ig not nearly so good as that
of the tailless airplane. The cargo svace of the tail-boom airplane
is the same as that of the tailless airplane; thereiore, in the
high-wing-loading range where cargo space ig the limiting factor,
the performance of the tail-boom airplane, agein, 1s not so geod
as that of the tailless airplane.

None of the bombers considered in the present comparison were
small enough to be limited by the space available, therefore, the
tailless airplanes were always shown to have much better performance
than either the tall-boom or the conventional sirvlanes.

On the basis of the design specification previously discussed,
a general conclusion may be made regarding the relative performance
of the three types. For alrplanes having 21,000 cor more brake
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horsepover, the all-wing tailless airplane will have the best
performence for carrying low-density cargo in airplanes having low.
wing loadings. At high wing loadings and for low-density cargo,
the tailless design will still be the best for long-range ailrplanes
but the conventional design will be the best for short-range .
airplanes. The tail-boom-type alrplane may never be expected to
have the best performance of the three types.

CONCLUSTIONS

& comparison of the calculated performance chsracteristics of
conventional, tail-boom, and all-wing taillecs airplanes having
21,000 and 42,000 horsepover indicated the following conclusions:

1. Large all-wing tailless airplanes may nave better performance
characteristice than their equivelent conventional or tail-boom
airplanes, when designed as bombers or long-range transports.

o, Conventionzl alrplanes may have the best performance of the
three types of airplanes when designed as short-range transports
with high wing loadings.

3. Tail-boom eirplanes having only a wing, booms, and talls do
not appear to have as good performance ag elther of the other two
types for any type of migsion considered.

Langley Memorial Aeronautical Laboratory
Naticnal Advisory Committee for Aeronautics
Langley Field, Va., March 3, 1947
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APPENDIX A
ASSUMPTIONS USED IN CALCULATIONS

The basic asoumutlons regarding power, draa, weights, and
passenger or cargo space of the three types of airplanes (conventional,
tail boom, and talllscsﬁare discussed in the following pairagraphs.

Power

_The 21,000-horsepower airplanes were assumﬂd to be powered
by six 3500—hors power engines driving six pairs of 15-foot diameter,
four-blade, counterrotating propellers; the ko 000-horsepower airplanes
wersa assumed to - be powsred by twelve 3 500-hcrseoower engines driving

six pairs of 15-foot diameter, elght-blade, counterrotating propellsrs.

These engines were equipped with twosstage turbosuperchargers and
had a critical altitude of 50,000 feet. The power loadings given

in this paper are based on 21,000 and 42,000 horsepower per airplane.
The assumed minimum specific fuel consumption of these engines at
various powers are given in figure 13.

.. The propulsive efficiency at sea level was assumed to vary
with velocity as shown in figure 14. Cooling power was assumed to
be proportional to brake horsepower and was expressed as & roduction
in propeller efficiency. The variation of cocling power (reduction
of propeller efficiency) with altitude is shown in figure 15.

Drag

The parasite-drag coefficient based on the effective frontal
area of the fuselage, tail booms, and nacelles is assumed to
be 0.10. This value represents the drag of carefully designed
airplanes (in the case of bombers, all turrets retracted). Wings
on these airplanes have a profile-drag coefficient of about 0.0090.
The drag coefficient of the thin-airfoil tail surfaces was assumed
to be 0.0085. The total profile-drag coefficient of the airplane
is then: ' J

’ ; St T
Cpg = 0:0090 + 0.0085%" + O‘l.(%
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where the total tail area and the fuselage, tail-boom, and nacelle
frontal area were assumed to be as follows:

Brake Type of St F
horsgspower airplans 'S

21,000 Conventional| 0.30 170

21,000 Tail boom el 116
21,000 Tailless A5 66
k2,000 Conventional| .30 184
42,000 - | Tail boom 2k 130
42,000 Teilless - A5 €0

The small changes in frontal area with power caused so little
differencte in the profile-drag coefficients that the curves of
relative drag coefficients of the three tyves of airplanes
(fig. 16) show the same profile-drag coefficients for the
21,000-horsepower and 42,000-horsepower airplanes.

It was assumed that the airplanes were so designed that their
critical speed was not exceeded in level flight.

© The  induced-drag coefficient was calculated from the conventional
expression

o ek
Di T enA

where the aspect ratio A was 10 and the span efficiency factor e
was assumed to be 0.80.

The drag coefficient during the take-off was determined from
the expression

Cop = CDO +/Cpy + CD“ + CDflaps + CDgear

in which the effect of ground proximity on the 1lift and the drag of
the airplane was not included. The minimum drag coefficient during
the take-off run was assumed to be attained at a 1lift coefficient

of 0.28. The ground-friction coefficient p was assumed to be 0.020,
which is the value generally used in connection with concrete runways .
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The drag coefficient of the flaps was assumed to be 0.0051

CDfl aps
for half-span, balanced split flaps having & chord of 0.20¢, at
20P dePleotlon The landing-gear drag coefficient CDgear was

assumed to be equal to the profile drag of the clean airplans.

Weight
From studies of airplane weights the following weights were
gelected for use in the present investigation:

(l) The landing geer is T percent of the gross weight. .

(2) Weights of the hydraulic system, surface controls, cabin
furnishings, electrical equipment, and cabin suvercharging equipment
are shown in figure 17.

(3) A crew of 10 members was agsumed for all airplanes. A
weilght of 215 vounds was allowed for each crew member. This weight
includes oxygen equipment and other personal items.

(4) The instruments and autopilot weighed 650 pounds.

(5) The weight of the cormunication system is assumed. to
be equal to 0.003W.

(6) Wing weight is determined by considerations of strength.
An expression equating the internal resisting moment to the extcrnal

bending moment at the center ssction gives the following relationship:

W= (CyWo + W) £a3/2 gl/2
h Wy T

where

W airplane gross weight
Wy wing weight

W2 distributed load. on wing

Cy; distributed-load effoctivensss (for a perfectly distributed
load, €3 = 1.0)

£ design load factor (assumed to be U4 in. the prosent investigation)
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A wing aspect ratio
O wing area
G wing thickness (assumed to be 20 percent)

end K is a coefficient dependent on the distribution of lif't aloag

the span, the strength-weight ratio of the material used in the
construction of the wing, and the perfection of the design as an
efficient wsight-to-strength beam. The higher the value of K,

the more efficient is the beam as a weight-carrying structure. For

i

the purpose of this analysis a valus of K = 100,000 was used.
the 42,000-horsepower airplanss, C) was assumed to be 0.90 and
Wp teo be 0.50W. For the 21,000-horsepowsr airplanes, C; was
asswned to be 0.95 and Wz to be 0.30W.

For

Althovugh the tail-boom and the tailless airplanes would probably

have glightly lowsy wing weilghte bacause of a better load distribution,

the weights calculatsed for the conventional airplanes were used.
all thres types because of the uncerteinty of the design and the

for

ossibility of other factorg such as the influence of Ilntter and
Y

torsional bending on thc wing weisht. It wes also assumed that

the

small amount of sweepback required by the tailless ailrplanes would

not appreciably afiect the wing weight.

(7) Te fuselage weight of large conventional airplanes was
assumed t vary as the 1/3 power of the gross weight. (See fig.
The woilghts of the flooring, fittings, bomb-bay doors, and other
structur=~ usually in the fuselegs, but necessarily in the wings
the tail-boom and tailless airplanes, were arbitrarily chcsen as
1/3 the fusslage weight of the eonventional airplane.

(8) The weights of the tail booms on the tail-boom airplans

were computed from considerations of strength. These values were

approximately 0.02W.

18.)

of

3

(9) The weights of the tail surfaces were assumed proportional

S+
to the wing weight, or equal to O.43Wp-F
. 2 a =] ‘LfD

(10) The weights in pounds of each »owsr vlant unit and .
accessories are:
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(11) The weights of the nacelle groups are assumed to be
6000 pounds and 12,000 pounds for the 21,000-horsepower and
Lo ,000-horsepower airplanes respectlvely

(12) The total propeller welghts for six counterrotating
propellers were determined from figure 19 to be 4200 and 8400 pounds,

respectively, for the 21,000-horsepower and MQ,OOO-horeepower airplanss.

(13) The weight of the fuel or the oil is 6.0 pounds per gallon.
The weight of the fuel system is 0.55 pound per gallon and the weight
of the oil system is 1.25 pounds per gallon. The tanks are assumed
to be carried in the wings. Sufficient tankage weight is included to
obtain maximum range with no pay load. It was assumed that 1 gallon
of o0il is required for every 15 gallons of fuel.

(14) All other weights not specified, such as armor, armament,
cargo, bombs, and passengers, were assumed to be part of the pay load.
This load may be carried in any form or combination desired.

Space

The space available for the accommedation of passengers or
cargo was computed for each of the ‘three types of airplanes (con-
ventional, tail boom, and tailless) by determining the floor area
over which a ceiling height of 6 feet could be obtained. Passengsr
accommodations within the wing never included more than one deck
although the accommodations in the fuselage might be provided in
multiple decks. All the pay load in the tailless and tail-boom
airplanes was assumed to be within the wing inasmuch as the tailless
airplanes had no fuselags or "pod" and s*torage in the booms of a
tail-boom airplane would prcbably cause the center of gravity to
be too far rearward. Ths pay load was assumed to be carried in
both the wings and fuselage of the conventional airplanes. The
fuselage size was assumed to be 100 square feet of frontal area,
exclusive of that submerged in the wing, and the usable length
was assumed to be l/? the wing span. The space available for pay
load was then converted into passenger capacity by assuming that
12 square feet of floor space would be raguired for each passenger.
This amount of floor space per passenger was determined by an
analysis of present-day transport airplanes. Sufficient space was
always available for carrying the full disposable load in fuel withcut
using space which was of suitable size for passengsrs or cargo.

General computations of the space available for the bomb load
were not made, but investigations at.several extreme sizes indicated
that the alrplanes represented on the charts 1n the present paper
could carry their full pay load in bombs. :
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' APPENDIX B
METHODS OF COMPUTATIONS

All the performence characteristics were computed in a con-
veptional manner, using constsants and variables based on the
agsumptions glven in appendix A. ' A

Maximum Spesd
The maximum soeed was computed from the basic relations:

DY
n

Q
=4
fl
|
i
i

&)
1
o
[w]
o
®y Q
A
=i
e el
Mo
n
<
I\

These sxpressions can be combined to give:

where 7V is in feet per second. Substituting the appropriate
constents and values of the variables V and S in the [foregoing
cquation can give curves of constant velocity as in figurss 3(a)
and 5(a).

Take -Off Distance

. The take-off distance_(ground run) on a level field with no
wind was computed.

If it is assumed that the take-off distance is proportional
to the excess thrust at 0.71 times the take-off speed, the following
relations are obtained:
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2
Vg

6urex

where VT 18 the take—off speed in feet per second and Tex’ the
excess thrust at 0.71Vp, equals T - D where

T. 3 550})”
© 0.7V
P e 2
D = Cpn = S(0.71V
by 5 S(0.TIVE)

and

with Cpp taken as 1.3. These formulas combine to give

0. 7lvT3w

0]

550P ~ i_CDT (0. 71V 5]}

where n 1is determined from figure 1k at 0.71Vyp. By solving this

formula for minimum take-off distance over a range of weight and
wing area and by plotting curves of constant wing area, cross plots
of constant take-off distance may be made as in figures 3(b) and 5(b).

Rate of Climb at Maximum L/D

It is assumed that maximum rate of c¢limb occurs very near

the speed for the maximum value of the ratio of 1lift to urag The
formula used is:

, _ 330002, 189673 i
° TV W5 Do
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where V is the airspeed in miles per hour at maximum L/D and is

equal to o
P P
1.467
whers

Cy, = |/ teAlp,y

The rate of climb will be obtained at constant indicated airspeed.
Therefore, a correction for the acceleration must be introduced by
multiplying the computed rate of climb by the aporopriate values
taken from figure 20.

Service Ceiling

Service ceiling is computed as the altitude at which the
meximum rate of climb equals 100 feet per minute if the supercharged
engine is assumed to deliver full power up to 50,000 feet. Service
ceilings above 50,000 feet were not considered in the present
investigation.

Rearranging the rate-of-climb formula gives

288000D, W3
P. = =
(33000P7 - 100W)2sCy,

This formula is solved and the results are plotted in the same
menner as take-off distance.

Range

The range was computed by use of Breguet's formula:

» Q/I: W UV (.
R = 3750 ﬁ)max 1oge (w 2 wf_)

Specific fuel consumption is assumed to be proportional to the brake
horsepoweyr required to fly at maximum lift-drag ratio when rate of
climb equals zero. Propeller efficiency and cocling power are taken
from figures 14 and 15. The fuel weight is found by adding all the
weights in the airplane except the weight of the fuel, fuel system,
0il, and oil system. The fuel weight is then a constant percentage
of the sum of the weights of fuel, fuel system, oil, and oil system.
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APPENDIX C
GENFRALIZED SELECTION CHARTS

Methods have been developed by the NACA (references 2 and 3)
for presenting performance calculations by plotting the performance
characteristics on identical coordinates of wing loading snd power
loading, thus making 1t possidle to choose the optimum performance
characteristics to meet a2 given set of requirements.

Pigures 4 and 6 show selection charts made by superimposing
curves from figures 3 and 5. Hach point on every chart represents
a consistent group of sirplane characteristics. Performance charts,
such as figures ¥ and 6, give a picture of the relation between speed,
range, climb, take-off distance, and service ceiling and relate
these characteristics to the principal airplane parameters of wing
loading and power loading. These charts facllitate the selection
of the parameters which give a certaln type of performence. The
charts may aleo be used, as in the present paper, to make generalized
comparigons over a large range of weight, power, and wing area.

This system should not be interpreted as a new method of
performance calculation to supersede accepted methods, but rather
ag an adsptation of accepted methods to making generalized
calculations for many airplanes.
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1. Stability Research Division: An Interim Report on the Stability
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3. Brevoort, M. J., Stickle, G. W., and Hill, Paul R.: Generalized
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Six 2000-Horsepower Engines, NACA MR, July 6, 19k2.




S . - ¢ - .
A e i - & . i , .
8 5 2 o = ¥
~ 3 G g NS T B P .
= i 5 % o Y < : )
g 4t { ST e, b i ¢
h v 5 7 Y 5 <
v 2 z 4 e o 4
E - 5 e Y ' s
- AR g - 14 4l 4
o R ) . ’ 4
B -3 B b :
~ c . h - -
# . -
e 32 E s . = K F . !
- I - k3 P . %
A L x y 0
< A g ¥ 2 4 . i = |
2 L - i
¥ " " 3 S . . i
£ . - - i
. * L 1
B - -
% 3 s . ) e X -
) . & , 2 L B 4
. . . i |
. s . g g B
Y ‘i v "
- 8 v
(5 . = & . ¢
X - ‘ - & - % .
A . H e 4 k= 3 4% A= -
x o . i % o =
. = . : v -
: 3 %
j § e S
? - . - Lig il 3 Z . =
P . 2 SN
> . 2 . < - 5 3 3
. x - « 1 5 . - b
R ¢ - R O R —— wensisclion -2 o - s
N g g - T g X s . ] gt &
, : - why v . .
o - 3 - ’ ™ d
y " . o &
= A - - - . " £
g . & 7 B v : = i
- .n B - Cad ~ i _
s v 3 i f Z . -
v s 5
N > < e -~ i~ : v
. | i .. = ) i
- e 2 3 v £ i
= i A .
s . - N e~
A 5 e . 4 s 7 5 A ’ 2 -
2} > - & i - : -
. - o i - £
o . . .
o i = 2 i =
e 5 = 3 = E B
= " & o &
& i s = Yoy . - B X
N s k4 . = 2 3 .
< E £ £ : 9 r e
3 2 . = & . : P B A ,
= - i ST ] . .
- - o - & ! % .
- " ot Y A v
- v o) e
i g 5 N g = .
o F s g E n %
. - . . - -
- 7 e R s 5 =
g8 5
o i s
5 %, - s 1 = 2 Lo
5 ’ : T 5
i " =
: . < -« » 4‘
[ s s :
!
< - .
: :
N
< & "
4
= o U | ey | e o e N U el n S e e s 0 = i = : -




LLYT "ON NI VOVN

(@) Conventional airplane.
Figure |- Sketches of possible airplane designs.
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(b) Tail-boom airplane.
Figure |- Continued.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
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(c) Tailless airplane.
Figure |- Concluded.
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