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l. As an indispenssble premise to this study it should be
stated frankly that it is rather risky to judge of the approxi-
mate weight of an airship of large cubic capacity, ** say, 300,000
cublic meters, by taking as a basis the anticipated weight of a
similar airship of small cubic capacity, say, 30,000 cubic meters.

Even were it possible, by applyving the principles of me-
chanical similitude, to establish exact laws of variation for %the
weighte of the various constituent parts of the airship, the pre-
visions would still be far from the reality, especially for very
large airships. It may, in fact, happen that with incresase of
dimensions we find ourselves, at a certain point under the neces-
sity of radically modifying this or that part of the airship, or
we .:shall have to adopt materials having characteristics diffexr~
ent from those used in the model, or insummountable and unfore-
seen difficulties in workmanship and assembling may constrain us
to abggdon that type of airship or completely change the cubic
capacity. .

It is, however, undeniably useful to try to establish, even
by a very rough approximation, the laws governing the weight of
simlilar airships which mayg give a sufficiently clear idea of the
greater oxr lesser advantages to be obtained by a given cubic
capacity. Bubt when, having established these laws, we find, as
in fact, we do find, that the unit weight first decreases to a
minimum value in relation to the cubic capacity X and then in-
oreases until, in the cubic capacity Y (limit cubic capacity)

* From the "Giornale del Genio Civile," Anno LIX, 1921.

** For the sake of simplicity and clearness we shall use no umis~-
wal or out of the way terms, but only such as are in current
use, as cubic capacity, empennage, ballonet, eto.
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the weight absorbs the whole of the 1lifting force, we must con-
sider the values of X and Y as being aceeptable only as indi-
cations of THEIR ORDER OF MAGNITUDE, since it may well happen
that, for instance, for one of the reasons abowe indicated, the
limit Y may be reached more rapidly, or even exoceeded.

2. In applying, whenever possible, the laws of similitude
to alrship structures, we will keep in mind:

a) That the principal static efforts produced; either
by weight or by the pressure of the gas, may, with sufficient ap-
proximation, be considered: gs proportiocnal o the cuble capacity
V. Oonsequently, the stresses in the various parts are propor7
tional ’co‘ V, and therefore the weight is proportional to V% 3,

b) That the m?in dynamical efforts due to0 air pressure,
are proportional to V°'® and consequently the weight of the
various struetures varles proportionally tc V.

3. We will limit our investigations to the semi-rigld Ital-
ian T +type, but it is obvious that, by generalization, the law
of vaeriation that we shall establish is applicgble to any other
type of airship and, in particular, to the rigid Zeppelin type,
with some slight modlfications in the numerical coefficients in-
troduced in the general formula expressing the weight of the air-
ship in funcbtion of the volume and maximum velooity.

By the maximum veloceity of the airship we mean that velocity
which it can safely develop at a low altitude, say, at 300 m.
%gowe sea level. This veloelty, expressed in km/h., we indicate.

We

In speaking of the welght of the airship we will consider |
the following parts:

The external envelope and accessory organs;

The stiffening part of the bow of the enwelope;

The stabilizing and control planes (keel and rudders);
The frame structure and accessories;

The maneuvering devices (landing, mooring, eto.); .
Electric light plant, wireless plant, fans, eten;

The pilot's cabin;

The passenger czbin;

Reservolrs for benzine, oil, and water.

Besides this, in order to complete the evaluation of the
weights which, unlike those of the fuel and the useful load, re-
main constant, and cannot be dispensed with, we will also con~
gider the following weights:



The crew,;
Engine spare parts and various necessary toolsé
The reserve ballast and the ballast corresponding to the
. first 300 meters.
The reserve stock of benzine and oil.
§
4., - THE ENVELOPE - The envelope comprisesg:

The external envelope of the gas bag; .

The separating diaphragm between the gas and the alr, com-
monly called the internal ballonet;

The ballonet on the bean;

The transversal diaphragms; .

The connection between the frame with the keels and rud-
ders;

The gaé and air valves with their corresponding controls.

In the rubber-covered and varnished envelope employed in
the various parts of airships, we must always distinguish the
weight of the canvas part from the weighk of the rubber and var-
nish applied to it. The funchtion of the rubber is essentially
to render the bag gas-proof and, consequently, in theory, by
fixing the tolerance limit of the daily penetrabtion of air in a
cubic meter of hydrogen, the weight of rubber for every square
meter of the gas bag surface may decrease with the increase of
cubic capacity. In practice, however, for various considera-
tions we may assume the unit weight to be about constant, and
therefore the ftotal weight of the rubber may be taken as propor-
tional to V2/3 The same proportion holds for the weight- of
the varnish.

EXTERNAL ENVELOPE. - The weight of the exbernal part of the gas
bag minus the weight of the rubber 9btained as specified zbove,
may be taken as proportional to ¥*'%. In fact, while from one
side the surface increases as V2/3, on the other hand, the
tension (and consequently, for the same specifiec resisbance, the
thickness also) increases in proportion to the pressure, and %
the radius of curvature, that is, in proportion to VI/3x V%

DIAPHRAGM SEPARATING THE GAS FROM THE AIR. - This gas tight dia-
phragm, interposed between the hydrogen and the alr, must never
come under tension. It must serve only as a means of holding

the rubber and therefore its total weight may be taken as propor-
tional to0 VR/ 5,

TRANSVERSAL DIAPHRAGMS. - These must be capable c¢f withstanding
a given difference of pressure between two adijacent gas compart-
ments. It is, however, rational to consider such @&ifference as
being propoxrtional 1o the/mean pressure of the gas and, there-
fore, propertional to V*/ 3, Consequently, we may assume that/
the total weight of the diaphragms varies in proportion to V#/ 3.
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Implicitly we have also assumed that the number of diaphragms
is always the sane. .

CONNECT ING LINXS. - The tensions in the links commecting the ex-—
termal gas envelope and the longitudinal beam {ocatenaries) are
proportional to V./ The weight of such elements is therefore
proportional to V3, .

Regarding the elements or links connecting the envelope with
the keels and rudders, it should be remarked thab, as we shall
see 1a}zer on, the total forces acting on them are proporticnal
to Ve/S Also, the stresses to which are subjected these con-
necting links (except the stresses produced by inertia) fall un-
der the same relation of proportionality, and therefore the
weight of these connscting links will vary in proportion ‘bol /g,
considering that their length increases in proportion to V .

GAS VALVES. - For simplicity!s sake we will assume that the di-
mensions of these valves remain always the: saxe

. In this oase, increasing the pressure of the gas in the pro-
portion of V* 3/ the holding power of esarh valve increases in
the ratio of V' ®, It follows that the number of walves, and
consequently, their total weight, varles in proportion %o

e = WL

In order to avold introducing this new exponent, considering
algo the relative smallmess of this weight, we will:assume thatb
the weight of the gas valves is proportional to "V3/3. On the
other hand, this difference in the law of variation ray be real-
ized. by sultably increasing the dimensiome of the 1lifting part
of the valve only, up to the limit allowedi By the strength of

“the other parts. , '

CONTROL CABLES. -~ According to the hypotheses given above, the
¥eight of the @:a.}wles controlling the valves is numerically pro7
portional to V23, ywhile their length is proportional to Vi/3,
We may therefore take their total weight as proportional to . V.

It should be remarked here that, in practice, constructors
wlll probably awoid. having an excessive number of valves and
valve controls which would entail a more rapid variatiom of
welght, unless the struature of the valve could bs altered for
the purpose of making it less heavy.

AIR VALVES. - In this case, eonsidering the less far orable condi-
tione of funztioning, we must assume the pressure t0 be constant.
We may therefore assume the number of walves, and conseguently
thelr fotal weight to be proportional to V.
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Consequently, th?z weigh'y of the control cables increases in
proportion €0 V x VY3 = ¥4/ 3,

TOTAL WEIGHT OF ENVELOPFE. - We have now analyzed the welights of
the various partsof the en velope of cur model airship, and
thereby obtain the following expression for computing the total
weight of the enwelope:

o/s

3.410 v/2 +0.008 ¥ + 0.00374 V%3,
5. - STIFFENING OF THE BOW. '

The unit pressure exerted by the air on the surface of the
gtiffened part of the bow is proportional to the square of the
velocity. / Sinece, however, the linear dimensions are proportion-
al to V3, +{he bending gpoments, and co?seguently also the re-
sulting stresses, are proportional to V/3v®. On Bhe other
handi the total surface varies in proportion to V-'°. I%_there-
fore follows that the total weight is proportional to V v-.

In order to be exact, we should also consider the secondary
stresses due to the weight itself, stresses which, of course,
increase more rapidly than the preceding ones. These, however,
are negligible especially in the upper part which rests on the
envelope.

In the case of our model, the total weight of the stiffened
bow (including its cowering) is given by:

107 . 1.3V Vv?

wh7re, as always, V is expressed in cubic meters, and v 1in
km/h.

8. - STABILIZING AND CONTROL PLANES.

It is extremely d&iffficult to establish a law governing the
variation of the weight of the stabilizing and controlling or-
gans, and would first of all require a close exmaminatiom of the
various points eonnected with these functions, an emamination
whioh we cannot enter into here.

We will therefore make only a rough approximatiomx by the ald
of simplifiying hypotheses. For instanoce, we shall not distin-
guish between the fixedi and mobile plares, assuming that, accord-
ing to the reguirements of steering, a greater or smaller part of
the total surface area may be rendered mobile without greatly .
affecting the mean unit weight.

VERTICGAL PLANES. -~ Comsidering only the stabilizing funotion, it
is evident that the total area of these planes must be propor-
tional to the sirface area of the enwelope, if the righting moment
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diae to the action of the air on the former is to be proportional
gotthe upsetting moment caused. iy the action of the air on the
attex.

On the other hand, the unit pressure may be assumed t0 be
con sgbant, and it then follows that the total weilght of these
Planes varies in proportiom to V.

If we now congider the variation of speed, it is evident
that, for increased speed these planes should be suitably strength-
ened, though it is difficult to establish a priori in what meas-
ure this should be done. But an the other hand, with increased
velocity the deviations due to the disturbing camse diminish,
and therefore if we wish to keep the stability comstant we may re-
duce as requlired the area of the planes. So that, for the sake
of simplicity and as a rough spproximation we may say that the
total weight of these planes is independent of .

HORIZONTAL PLANES. ~ For these planes we might employ the same
general considerations as for the vertieal planes, were it not
that the case is rendered more complex by/the statie righting mo-
ments vh ich increase in proportion to, V* 2., However, consider-
ing only the stabilizing function, the total area of the planes
in gquestion may increase less rapidly than V¥ '°%, and therefore
the total weight may vary less rapidly than V.

When, instead, we comsider the regime of mowement along in-
clined. trajectories, we easily come to the conclusion that if we
wigh, for instance, o maintaim the maximum climbing speed un-
changedl (that is eqal %o horizontal velocity, the maximum tan-
gent of the angle of c¢limb), it is necessary to increase the an-
gle of attack, thus bringing sbout an increase in the unit pres-
sure and therefore in the unit weight.

It is also useful to consider that by increasing V the mo-
bile part of the horizontal planes must increase more rapidly
than the fized part. Thig may lead to notable modifications in
the design which, in turn, will produce new uncertainties in the
evaluation of the weight itself.

From the various considerations so far made, we may conclude
that, as a rough approximation, the weight of the horizontal planes
varies in proportion to V. : '

For our model we find that the total weight of the empennages
may be expressed by 0.043 V.

RUDDER CONTRQLS. — The forces act mgson the rudder control aables
may be taken as proportional to V* and likewise their sea—
tions. Their weight is therefore proportional to V.
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In our case, comprising also the .control devices in the pi-
lot's eabin, we have, for the tobal weight , 0.004 V.~ .

7. LONGITUDINAL EBEAM.

The ocomplexity of the fowces acting on the framework (longi-
tudinal beam) makes it exbremely difficult to establish a formula
glving the variation in weight with sufficient approximatiom.

We will again refer to the exceptions made at the beginning of
this paper and here alse, for the considerasble item of the weight
of the airship, we must be satisfied with a rough approximation.

The longitudinal beam is simultanecusly acted upon:

a) By the static forces due to the loads it has to sus-
:’]a_aig: namely, the keels, rudders, power plant, fuel, and useful
o .

The total weight of all these loads is represented by the
difference between the total 1lifting force £ V and the sum of
the weights of the enwelope, the larger part of the keels, and
Part of the stiffened framewoxk. This weight can, therefors,
only be expressed by a rather complex function of the wolume.

However, on analyzing the above mentioned expression, we
find that this total weight may be taken, with an approximation
of 5%, asproportional to V.

On the other hand, for obvious reasons it would be difffi-
cult to vary the volume without altering the distribution of load
in the model. Since it is evidently impossible t0 provide be-
Forehandl for such varistions and even more impossible to account
for them, we must inevitably accept the simplifying hypothesis
that the distribution of load remaing the same.

Admitting this hypothesis, we are justified in saying thab
the forces due to stabic loads are proportional t0 V and con-
sequently, that gl;g weight of the longltudinal beam increases in
proportion to V . .

: b) By the dynamic forces brought about by the action
of the empennages. These forces, according to_the copgidera~
tions made sbove, must be tagken as proportional to V and
therefore the increase of welight in the armature due to0 them is
proportional to V.

¢) The dynamic forces due to the thrust of the propel-
lers, or, whidh is the same thing, the reaction exercised by the
alr on the various parts of the alrshipwhen its axis is paral-
lsl tc the line of flight. This reactiom is proportional to
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/ :
ve® 5P and consequently the resulting efforts in the armature
vary aoccording to the same law of variation.

We must however distinguish between v oconstant and v
variable when evaluabting the increase in welght dus %o these
foxces. .

In the first case, combining the dynamie forces in question
with the maximum leag favorsble forces enumerated in (a) and
(b) (calculating theee by means of various hypotheses on the
distribution and value of the useful load and of the load of fuel,
oil, and bgllast) the result is thabt the increase in weight in

;bl_h'e armature due to such forces, remsins slways proportionel o

~ Things are much more complicabed when the weloegity le taken
as being variable, beocause in that case, for a sufficiently high
value of that velocity it may hsppen that, at a given moment,
the reacting foree of the thrust of the propellers in a given
element of the amature will prevail over the forces a + b,
thus giwing rise t0 an increase in %the weight. of that slement,
which does not happen. in the model due to the fact thabt the =sign
of the maximm resulting effort is reversed. It is easily under-
stood that, under these qonditions, it is not possible to find
the means of accounting for such an eventuality.

However, considering that the dynamic forces of this cate-
gory are small when compared with those of the two preceding
categories, and coxsidering also that the velocity limits ab-
tainable are relstively low, we shall be able to say, with a de-
gree of approzimation sufficient for the nature of our study,
that the increase in weight due to the thrust of the propeller
is proportional to V v°.

In the case of our model, summarily analyzing the effects
due to the three kinds of forces mentioned above, we will con-~
sider that a sufficiently clear statement of the total weight of
the longitudinal beam is given hy the following fermula:

) (10° . 0.5 v® + 0.032) ¥ + 0.00336 v‘/?

8. ACCESSCRIES OF THE LONGITUDINAL BEAM.

We shall consider as accesaories the covering of the beam,
the internal gangway, and the pneumatic shock absorbers.

The preveiling forces are those due to the action of the
air. In consecquence of these forces the weight. of the covering
of the beam varies in proportion to V v® and, for our model
we have : 10~ . 1.3 V v2. :
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THE GANGWAY. - We should remember that live loads, though remain-
ing invariable in absolupe value, increase numeriocally at least
in the proportiod of V'3, Therefore, assuming that the width
of the gangwsy remains the game and that the number of supports
remaine alsy the same, the bending mowents increase proportion-
ally 0 V2/2 and likewise the weight itself.

It is probable, however, that the constructor gains in weight
by increasing, 1f possible, the number of suspensions. of the en-—
velope; but, on the ofther hand, 1t is probable that this will in-
volve increasing the width of the gangway. In conclusion,
therefore, it seems that we are ;ustified in assuming the welight
%o vary in the proportion of V22 ag stated abowe.

For ocur model we have: 0.374 . Va/a.

SHOCK ABSORBERS. - The forces t¢ which the shock absorbers are
subjected. are about proportional +o the cubic capacity of the
alrship. We may therefore assume that their number or length
must be increased with increassd. cublc capaeity, leaving the
width unchanged. In that case the total weight will inorease in
proportion o V. For ocur model the value is 0.003 V.

9. ENGINE SETS AND SUPPORTS.

After determining the maximum welocity whic¢h the airship
must be capable of )attaining, the power required may be taken as
proportional to VR/2v® and in inverse proportion to. the pro-
rellexr efficienc :

N = % ‘\Ia'/3 v
For our type of airship, exmpressing v in km/h, we may as-
e k = 107° x 1.05
and therefore for 1 = 0.7.

4

(1) N=10"°%., 1.5 . ve/s o =

We may admit that the welght per horsepower, which we will
call T remains comstant, and we may also admit that the weight
of all the accessories (radiators for water and oil, taken as
full; piping system; sbarting devices; econtrols; instruments; pro-
pellers) is proportional to the power and averages 0.85 kg. per

* For the various types of airships constructed by us so far, we
have foumd coefficients varying from 1.45 $0 3.10. In aur
future constructions we shall presumably reach somewhere below
l.4. For Zeppelins the coefficient is smaller.
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L.B. For engines weighing 1.20 per h.p. we may therefore comsiderx
the total weight of the engine set %o be about 1.85 kg. per h.p.

- A8 regards the supports, the forces o which these are sub-
jected are partly statbtic, proportiomal to the weight of the en-
gine set and therefore to V242, and partly & namic propor-
tional to the thrust of the propellers. If we assume, therefore,
that their numberwremains unchanged, their weight must increase
in proportion to V. .

Such an hypothesis is, however, hardly probable, since it is
cextain that, in order to obtain a better distribution of load,
the number of supports must be increased. Such being the case,
we will simply assume that thelr total weight is alsc propor-
tional to the power developed by the engine set which, in our
case, is given by 0«35 kg. per hePs

Summarizing the total welight of the engine set we have:

(7 +0.865 + 0.25) ¥ = (7 +0.90) 10™° . 1.5 . /o
and for T = 1.20:

10”° 3.15 v"/e’v'é

10. MANEUVERING DEVICES.

The total weight of these devices, and gﬁgecially of the
cables, evidently varies in proportion to V .

In point of fact, while the forces are proyortional to V,
the length of the cables is proportional to VS,

In ocur case we have:

0.00080 . v‘*/ 2

1l. LIGHTING PLANT, WIRELESS PLANTI, EIGC,

The equipment of the.airship is completed by the lighting
plant, wireless installation, ventilators, safety sppliances,
signals, and other minor accessories.

Of these weights some, such as that of the wireless instal-
lation, may be assumed to increase slightly with the cubature of
the airship (in faot, it is probable that a wider range of wire-
less will be required for larger ailrships). Other access?ries,
such as the lighting plant, increase in proportion to V=2/3;
others, as the ventilators and safety appliances, increase in the
same rabtio as the cubature.
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In the cases of our model we have:

4.5 vl/s + 0.19 VZ/S + 0.007 V

13. PILOIL'S CABIN.

The Pilot's cabin is provigded with all the instruments re-
quired. for navigation and with other necessary equipment.

It is difficult to give a definite ratio of the variation of
the weight with the cubature.

To simplify matters ye will assume that the area of the cab-
in is proportional to VS /and that the total load als in-
creases in proportion to . W/e then conclude that the v;;a;cal
weight varies in pr0po:ct10n to « In our cage: Q.300

13. PASSENGER CABINS.

It is not possible to determine a priori the weight of the
passenger cabins and their egquipment, since this must evidently
be proportional to the number of passengers carried. We oan,
however, include this weight in the useful loadi by adding 30 to
25 kg. per passenger.

14. BENZINE, OIL, AND WATER TANKS.

The weight of these tanks, comprising their supports, amounts
to about 6% of the weight of the liquid contained therein.

The weight of +the water tanks can be counted in with the
weight of the ballast, and we will reckon the weight of the ben-
zine and oil tanke by adding 6% to the weight of the benzine and
oil neededi per kilometer.

We have now evaluated the entire weight of the airship it-
self. In order to oonsider the airship in flying shape, we must
add. the weight of the orew, spare parts, reserve ballast, bal-
last needed for take off, and the weight of fuel and o:.l. '

15. THE CREW.

The number of men forming the orew depends mot only on the
cubature of the airshilp, but alsoc on other circumstances which
are wot possible to account for a priori, and we will thexefore
be satisfied with a rough approximatiocn.
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The ninimun crew needed consists of:
1 Comander
1 Pilot
1 Mechanie
1 Wireless operator.

With increased cubature of the airship, we may, generally
gpeaking, assume that the journeys undertaken will be longer and
more fatiguing, and that, therefore, double shifts will have to
be provided for. :

We are therefore justified in assuming Shat the weight of a
minimum personnél will be in proportion to V3,

The total nunber of mechanics, less the one included in the
minimin crew, may be I/G'nghly considered as proportional to the
power, thdat is, to VP 3vS,

There are also the all-around men who, though not regquired
on a small airship are certainly indispensable on a large one.
The weight of these may be taken as proportional to the cubature
of the airship.

In the case of our model, including also the weight of
clothes and food reserves, ws have:

20 vl/s +107°% . 0.20 . vs/av3 +0.003 . ¥V

16. SPARE PARTS TOR THE ENGINE SET AND TOOLS.

This weight nay be taken as proportional to the engine power.
In our case it is given by:

107% .. 0.18 . v"’/“vs

17. RESERVE BALLAST AND TAKE OFF BALLAST.

fs we sald at the beginning, we shall suppose that naviga-~
tion is nommally started at an sltitude of about 300 m. above sesa
level. The‘corresponding lightening of the airship will be ap-
Proximately given by 0.030 V.

The reserve ballast may also be taken as proportional to the
cubature and we may say that its weight in Xg. is numerically ex-
pressed by 4% of the volume expressed in cublc meters. _

The total weight of the ballast is thus expressed by:

0.030 V + 0.040 V = 0.070 V.,
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18. RESFRVE STOOX OF FUEL AND OIL.

It is logical, we believe, that, in order to ensure safe
navigation, the reserve stock of fuel and oil carried must be
large enocugh to meet all eventualities. This resexrve muceh be in
proportion to the amount required for normal navigahion. &2
will calculate this by increasing by 3% the usual congurption
per kilometer, or, which amounts o the same thing, the spscific
consuxption per h.Ps«

19. GENERAL FORMULA FOR THE USEFUL LIFTING FORCE.

Establishing, as we did. at the beginning, the approximate
laws governing the variation in the weights of the airship, the
armament, and the crew, we find that the total weight, P, of
the airship ready for navigation (except the passenger cabins,
the benzine and-oil tanks, and the reserve stock of benzine and
0il) is expressed in functiom of the cubature and of the wvelocity
by six terms respectively proportional t0

-vl/s , va/s , v3v2/3, V, v2V, v4/?

In Table I (see at the end of this paper) the numerical co-
efficients of these terms are summarized, and from that table we
derive the following expregsion for P:

() P = 24.5 vl/‘a + (3.874 + 107° 3.51 v°) v2/3+ T

+ {(0.180 + 107% 3.1 v®) Vv + 0.0087 v“/3

in which V 4is expressed in cubic meters, v in km/h and P
in kg.

V is the maximum effective volume of the gas bag after in-
flation.

If we subtract the weight P from the total 1lifting P ree
at the sea level, f V*, we shall obtain the lifting force of
which we can dispose for the useful load and for the provision of
benzine and o0il needed for navigation. We will eall this the
USEFUL 1ifting forxce and will represent it by €.

We should recall once moOre:

1st. That the useful load comprises ot only the weight

* In our calculations for £ we ghall assume the mean value of
1100 kg. per cubic meter of gas. -




of the passengers, their baggage and food supplies, but alsc the
weight of the cabins suitably fitted up for the number of passen-
gers that can be carried.

2nd. That in the provision of benzine and oil is in-
cluded. mot only that required for normal navigation, but also a
proper quantity of reserve stock together with the tanks requir-
ed for holding the entire provisiom.

Putting formula (8) in the general foru:

(31) P=o Y1/3 + B V-?'/a + YV + BV"/B
we obtain for O '
(3) ¢ =sv-(a v+ pv/s 4 vy s av“/a)

This formula shows that there are two values of V for
which ® = 0, one very smell, the other very large. Passing
from the first to the second value, the useful 1ifting force
first inoreases, then, after reaching a maximum walue, decreases-
until it again equals zero.

: The wvalue of V which corresgponds to ¢ maximum, is obtain-
ed by extracting the value of V from formula (3) and making it
equal to zero: . '

(4) fv:-—-%: av"‘/a+—§ BV2/3+'YV +-§- 5V4/3

20. VARIATIONS OF THE COEFFICIENT OF UTILIZATION IN FUNC-
TION OF THE CUBATURE AND VELOCITY.
LIYIT REGIMES OF FLIGHT.

We will call "Coefficient of Utilization® the ratio @ be-
tween the useful lifting force and the total lifting force:

(5) p = f%'-ﬂ 1 *%’(CLV—Z/S + BV-l/a + Y avl/a)

Here also, starting from a minimum value of V for which
P = 0, the value of P increases rapidly with the increase of
cubature until it reaches a maxirmm. After reaching this maxi-
mum, the value of O decreases slowly down to zero again for a
rather large value of V.

The valuss of V for which p = O (lower and upper limits
of ocubature) are obtained from the following equation:
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(6) tve av/s . g vt 4wy 4 oyl

and, of course, the lower limit is higher as the velocity is low-
ex. In fact, in this cese the coefficients B and v are small
also, and we have:

B=8 + B'v®

Y =% 4 ¥ v

_ In the case of our model we find for these lower limits of
¥V the following values* :

at 90 km/h V= ~ 1000
at.l20 ¢ V= =~ 3300
at 150 ¢ ¥V = ~13000
The maxdmum walue of P 1g found by the following equation:
5v4/3=a cx,vl/3+ SVa/s

from which, neglecting the first term of the second nember, we
obtain as a rough approximation: :

vz/"'= ~ _g= B' +6§"Vs;-'

We may therefore conclude that WITH INCREASE OF VELOCITY
MAXIMUM DIMINISHES AND TENDS TOWARDS LARGER CUBATURE.

ks a matter of fact, in ocur case we find the following val-
ues (see Tables II, III, IV and diagrams):

at 90 km/h max = 0.4850 for V = 35,000 m.®
S mo339 w 8 =0,345 " ¥V = 80,000 m.>
v1s0 oM " = 0.208 " ¥V =125,000 m.°

We would remark here that, contrary to the curryent opinionm,
the maximum walues of the coefficient of utilization are to be
found for relatively small cubatures.

The upper limit regime of flight to which the alrghip can
steadily 1ift itself (assuming that there is no change in equi-
librium between the internal and extemal temperature) is that
for which the corregponding value of the air density is in the

*Regarding the possibility of practical ly realizing these minimum
values of cubaburey. the reservations and observations made at the
beginning of this study apply here alsgo.
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same ratio to the density of the air at sea level as P to f V.
This limit thus depends essentid ly on the value of pP.

Considering the mean oconditions of temperature and atmos-
pheric pressure, and assuming a constant difference of tempera-
ture of 0.0055 centigrades per meter, we find the following val-
ues which have been computed. taking into account also the first
300 meters elevation.

for P = 0.30 H max. = 2430 m. above sea level.

" 0.25 " 3080 noow o
. 0.30 " 3700 W
" 0.35 " 4380 nom
. 0.40 " 5120 noow
m 0.45 " 5870 noowon
. 0.55 " 6700 woowo o

and in the case of our model, corresponding t¢ the values of p
max. giwen above, we find:

5870 m.

at 90 km/h V= 35,000 Hnmax. =
"0 n vV = 60,000 " = 4260 m.
m1sg  om v = 135,000 " = 34%0 m.

3l. OPTIMUM CUBATURE. CONSUMPTION PER KILOMETER.

For the balloon the optinmum cubature is evidently given by
the maximum value of the coefficient of ubtilization.

As a matter of fact, for p max. the useful load is raised
to a given height which is maximum, and the altitude to which a
given useful load. can be raised is also maximum.

But in the case of an airship it is evident that we must
take into aceount the maximum distance over which a given useful
load can be carried.

If we call P the lifting force per cubic meter required
for the useful loé&, and ¢ the supply of benzine and oil re-
quired per kilometer, we shall be able to measure the UNIT VELOO-
ITY of the airship by:

c=fp =Py
C
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. which represents the maximum distance L over which the load
P, can be carried.

As we must first establish a value of p, we will take that
which gives the maximum value of L x p,. This maximum is ev-
idently obtained when the useful llf'bing force, P £, is equelly
distributed: between the useful load and the supply of fuel and
0il. We will therefore assume as the ratio of the unit efficien—
cy of the airekip, the valus:

p
€ = 0, —
(7) € = 0.55 ~

We will now determine the value of ¢ Iin the hypothesis
that THE NORMAL VELOCITY OF NAVIGATION, wv,., IS OBTAINER BY
UTILIZING HALF OF THE AVAILABLE POWER, that is:

= 4 k 2/3_s

We shall then have:

and therefore:
No _ Xk v2/342
-?Fg‘ N T.588

We will assume that the engine plant comsumes about 280 grs.
of benzine and oil per hp/h. In order to calculate the total
supply of benzine and oil needed, we will add 20% to the normal
consumption, and in order to calculate the total weight we musd
also take into account the weights of the oontainers which we
have evaluated at 6% of the total weight of fuel and oil. We
shall then: have per h.p./h. a weight of

(0.2% + 0.075) x 1,08 = 0.345 kg.
and therefore the total v-weigh'b per kilometer will be given by:

¢ = 0.345 -%-
Yo
and assuming for % the value 10™° 1.5 we obtain:
(8 o= 107° x 338 x v*/%*

and subsk itubting in the expression of ¢:

(9) €”‘3’9'9" —:7‘5—5 —:—%—s
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The QPTIMUM CUBATURE is that for which € assumes its maxdmum
value. It is obtalined by solwing the following equation:

(10) FE-vY)V=4 « YL B YR v‘/3

We should not be surprised that we find some very low values.
In fact it is evidenit that the optimum cubabure must always be
less than the one ocorresponding to the maxmimum value of p, be-
cause for larger cub_patures the denominator of ¢ increases,
while the numerator decreases.

In our case we find:
for 90 kw/h. : optimum cubature = ~ 5,000
T 120 u : n u = ~10,000
vois0 0t ;. ® " = ~30,000
If we now consider the velocity only as variable, it is ob-
vious that efficiency diminishes with the increase of velocity,
that is, there does not exiast an OPTIMUM VALUE OF VELOCITY out-
slde of zero for which effielency becomes maximum. And in fact,
if in —?é_g we express the coefficients B and ¥ in functiom
v

v
of the weloglty:

B = B' + B"v® = 3.874 + 107° 3.B1 v3

vy v'+ v = 0.160 + 207° 3.10 v

and then make: i

d r p 5
a}; i v§7 GVS% O
#

we find: / / /
8= B YN VTE o ey 597 L g
2 g"
which, for greater clearness, we may write: s

ya= £V - (¢ vi/s 4 ﬁ‘_V?/3+ YV + ﬁv;"/s)
3- B"v’3

from which Wwe see that the existence of an optimum value of the
velocity different from zero is contingent on the eondition:
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fv<av/rs gyt Yy svel

which @an never be attained because weé should also have:

£V < P

23. CUBATURE OF MINIMUM CONSUMPTION. DISTANCE LIMITS.

Then we come to consider the efficiency of the airship solely
from a mechanical point of view, we find that for each velocity
there is a certain cubature which permits of carrying the unit of
useful weight to the unit of distance with a minimum expenditure
of energy, that is, with a nminimum consumption of fuel.

Let P.., be the maximum useful load which an airship can car- -
ry o a d.is%ance: L. The consumption of fuel per kilogrammeter -
will be gilven by '

= _C

—————

c
P L 2

We will assume, as before, that the useful lifting force is
squally disbributed between the useful load and the supply of fuel
end oil in such a way as to give P,L 1ts maximum value.

In such a case the consumption per kgm. will be proportional
to: o
c

KR

that is, in inverse proportion to the maximum distance which the
alrship can cover without any useful load. We will call this
distance the "LIMIT DISTANCEY.

It is evident that there exists a value of ¥V for which the
wunit consumption is minimum and therefore the distance limit is
maximin, In fact, we have only to consider that if the cubature
increases indefinitely, the useful lifting force will finally
reach zero, while c¢ always has a positive value.

We will determine the value of this CUBATURE OF MINIMUM CON-
SUMPTION, whioh we may also call the CUBATURE OF MAXIMUM RANGE.

Keeping in mind foxrmulas (3) end (8) we can put:

/s 2/a o3
(11) A Q2. fV-(aX¥ =3 8 Vv +2?3\;2-1- sV 7}

c 107 . 338 .V

Solving this equation for the volume and taking it as equal
to zero we find:
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/3
-

(13) fV+ oV YV - 23 av"/3=0

an equation which, solved for VWV, gives the value of the cubature
of minimun eonsamption.

This value being very high, the terms © vl/ ® may be consid-
ered. as negligible, and then we have only:

(13) v=f/f£

a result which may be enundi gbted. thus: THE LINEAR DIMENSIONS OF
THE ATIRSHIP OF MINIMUM CONSUMPTION VARY LINEARLY WITH THE COEF-
FICIENT Y AND THEREFORE WITH THE SQUARE OF THE VELOCITY AND IN-
CREASE AS THE VELOCITY DIMINISHES. :

In point of faci, having, for our model:

for 90 km/n f - =0.915
i 130 tt 1 = 0.896
14 150 n 11 - 0.870

and 3 & = 0.0134, we find:

for 90 km/h : oubature of min. cons.=~ 318000m®
~ 209000m°
~ 374000m®

n 130 n s 1 .omom n
150 " . n non n

33. LIMIT VELOGITY.
For each cubature, the airship is designed for reaching a
certain maximum velocity which cannot be exceeded. This limit
value ls abt once obtained by solwing for w +he equation: P = f V.

Taking as a basis the expressions of P gi{cen by formula (3)
we find, for our model, the following values:

= 1,000 m3 Veloeity limit = 92.5 km/h

V = 5,000 @ n no=133 @
v = 10,000 m? " ¥ =148 ®
vV = 50,000 m® n no= 173 n
¥ = 100,000 ud n "= 181 v
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vV = 200,000 w®  Velooity limit = 185 km/h
vV = 300,000 m? " .® =185
V = 400,000 md " o= 178 o

As we see, the limit velocity first increases rapidly-with
the incresse of cubature, then, after reaching a maximum-of 185
km/h. for a cubature of frem 200,000 to 300,000 cubic meters,
slowly decreases.

In practice, of course, .these values of absolute maximuhn of
velocity should not be reached; in fact, they should not even be
approached.

34, INFLUENGE OF THE COEFFTOIENT OF RESISTANCE AND OF
PROPELLER EFFICIENCY.

In the general expression of P given in formula (3') the
only term which depends on the power, and therefore on the coef-
ficient :0f resistance k as well as on the propeller efficienoy
.m., 1is ' .o '

ﬁ'vz/a‘z (BQ + 'B" vs) v2/3

B being proportional t0 N and consequently also to ,—lf.l- '
‘1t is therefore easy $0 gee the affécts produced by a varia-
tion of the rabio .7151 . : -

As regards the coefficient of utilization’ p, of course it
inoreases: as J,'Er, diminighes and vice versa. More exactly, we may
gay that, for a given cubature, the variastion follows a linear
law, as.is shown by the general expression for P . We may add .
that the varia.yion is more rapid for small cubatures, for which
the term B V?/® geoquires greater importance with respect o the
other terms. '

/

The approximate expression V- ° = % wich givesthe cubature
corresponding to p maximum, thus shows that with incrBage of 5
© meximum is obtained for a larger oubature, and when -1,% de~
oreases, p maXximum tends towards a2 smaller oubature.

The CUBATURE OF MINIMUM CONSUMPTION OR MAXIMUM RANGE remains
unchanged., This is oclearly shown by formula (13) in whioh V 1is
independent of B.

On the other hand, we have notable variations in the distance
limit given by formula (11). Indicating by A a numeriocsl coef-
floient, this may be put in the following form:
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Lpax = £V~ (e v1/3+ E.,V?‘/3 + YV _+ 5V‘/3)
m
N %Vefa.vs

and from this it ¢learly results that when X inoreases, the num-
erator decreases and, at the same time, the genominator ingreases,
and therefore L, ., decreases. On the other hand, when de~

creases, the numerator increases and the denominator decreases,
that is to say, Lp,y Iincreases.

Finally, the limit veloeity also varies with X, increas-
ing as % decreases. ' - 1

35. VARIATIONS OF THE LIMITS OF DISTANCE AND VELOCITY
FOR M ALL VARIATICNS OF VOLUME. :

In order to show more clearly the influence of the increase
of velocity and range on the cost of operation of asrial Ptrans-
porb, we will oonsider a difference in volume sufficientl¥y, =mall
t0 enable us to assume that for all intermediate cubatures the
coefficient of utilization, p, remains just about constant.
This we can always do, even for rather large differences in vol-
ume, when, for insgtance, we consider the region of the maximum
value of p.

The distance limit, in the above hypothesis is given by:

: _ P v ) _ vl/a N
. Imax = = 2
AV Avd ok
and therefore
) a
(14) ! T = %—% v® LPmax

from which we may conclude that for emall variations in volume,
the volume is proportional to the cube of the ratio K, +to the
sixth power of the velocity and to the cube of the didtance.
This last result may also be enunciated in a suggestive form as
follows: THE LENGTH OF THE AIRSHIP IS PROPORTIONAL TO THE MAXI-~
MOM DISTANCE THAT IT CAN COVER.

Thus, for instance, in order %o increase the distance limit
by only 10%, we must increase the volume by 33%, and if we wish
tg incre%se the velocity by only 5%, the cubature must be increas-
ed by 35%.
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Of course the results are even more unfavorable if, in the
differences of volume considered, the value of p decreases, as
is the case when this difference is on the right hand side or the
cubature for which p is maximum. '

26. DETERMINATION OF THE MINIMUM CUBATURE
REQUIRED FOR A GIVEN TRIP.

The data of the problem are: the number of passengers. ng,
and the distance L,, %0 be covered without landing.

In round figures we may take 100 k for the weight of each
Passenger, comprising therein hils part of the weight of the cabin
and cabin fittings and also his part of the foodstuffs.

Then, taking V as the unknown cubature, we shall have:

) 1/ 2/a - ‘i=/3~ Lo =

pubting more briefly:
B=156 7 7

The preceding equation solved for V, gives the required
cubature in function of Ly and ng4.

We may now ask what value of V renders n, maximum, the
value of L, being established. ' .

Solving the first member of the egquation and taking it as
equal to zero, we find: :

= 1 /s 2 /3 4 4/3_2 Lo

£V 3U-V +3sz +'YV+3:V 35—“;'27'3

If we oompare this equation with equation (4), we see, as we
might have anticipated, that the volume V for which n, is max-
imum, is always less than that for which & is maximum and that
the difference of volume between n, max. and ¢ max. is less as
the distance L<> is shorter. We may therefore deduce that for
small values of Ly, the value of V correg onding t0 n, maxi~
mun is greater than the cubature of minimum consumption. Tn other
worde, this cubature cannot, in general, be considered as a limit
cubature, admight appear at a first glance.

The use of tables and disgrams gives a rapid solution of the
problem, as we shall show by a few examples. .
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1st. Let us consider the transportation of 100 passen-
gers (weight, 10,000 kg.) in a non-stop flight from Rome to New
York, (distance about 7300 km.). '

From the table we find that it isnot possible t¢ use airships
having a maximm velocity of 130 km/h., and still less those of
150 km/h. We will therefore suppose that we Have v = 90 km/h.,
and consequently Vo, normal velocity of navigation, equal to
about 71.5 km/h. '

Glancing at the table, we may conclude that the required
cubature (certainly greater than 605000 cubic meters since for

this value we have Lp.y = 7331 km.) is comprised between 100,000
and 150,000 cubic meters. In point of fact, we have: .

for 100,000 m.3 $ - cL,= 5,800 ke.
" 150,000 m 3 W 12,380 kg.

Considering that we must have: ¢ - ¢ L, = 10,000, by a sim-
ple interpolation we at once obtain:

V= ~ 133,000 n2
The number of passengers which can be carried over the dis-

tance stated above by airships varying in cubature from 60,000
to 350,000 m®, is as follows: '

Vv = 60,000 ng= ~ 1
¥ = 300,000 v 58
n = 150,000 no= 134
" = 300,000 "= 183
" = 350,000 o= 330
" = 300,000 "= 37
" = 350,000 "= 300

8nd. In the previous case, suppose that we make a stop
at the Azores for the purpose of taking in fuel. Under these
conditions the maximum distance is reduced to abgut 3,700 km.,
and the cubature for v = 90 ¥km/h., +to 45,000 m>, instead of
132,000 as in the first case.

. 3rd. Let us consider the line London-Parig-Marseilles- .
Rome-Naples-Taranto-Cairo, with stops at London, Rome, Taranto
and Cairo.
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There will be non-stop flighte having the following lengths:
London—-Rome 1635 km.
Rome -Taranto 460 k.
Taranto-Caixo 1700 km.
Adopting alrships of 120 km/h., we find that with a cubature
of 50,000 n® we can carry 80 passengers, and with a cubature of

100,000 we can carry 300 passengers, covering the entire distance
in about 40 hours' flight.

4th. Suppose we have a passenger service between Milan
in Italy and Alexandrias in Egypt (distance about 2,400 km.) op-
erated by airships having a maximum velooity of 120 km/h. and a
normal velocity of 95 h.

For a non-stop flight, we have at once from the table:

for 40,000 u® n, = 17
" 80,000 m® "= 55
" 80,000 m? no= 93

But suppose that we make a stop at Taranto (Milan-Taranto,

875 km.; Taranto-Alexandria, 1535 km.), the maximum distance t0

be covered in a non-gbop flight is reduced from 3,400 $o0 1,525
« and we have:

for 40,000 m® n, = 59
" 60,000 n® Po= 118
" 80,000 m3 no= 189

CONCLUSIONS.

1. The results we have reached in this inves igation fully
confirm the essential poinbts characterizing the airship: a fly-~
ing machine relatively slow, but capable of carrying a large
useful load over a long disbtance.

These characteristiocs are the contrary of those of the air-
Plane, which, in the present state of asrial technical data, is
a machine essentially fast, but which can only carry a rélative-
ly small useful load over a relatively short distance.
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There is, therefore, no reason to talk about competition bex
tween these two means of aerial lecomotion, since they are so es=
sentially different from each other, each bhaving its own definite
field of activity, the one serving to complete the other, The
co-existence of airships and airplanes forms a complete solution
of the problem of aerial navigation.

The advantages of airships of large cubature are so evident
as to justify the greatest hopes for their immediate future. It
ghould be remarked that it is not too much to hope that the lim-
its we have foumd, asnd which are already pretty large, will be
exceeded in actual practice, since in our investigetion we have
abstained from considering the developments which may confident-
lz be expected from the genius of inventors and the skill of con-
strucbors.

Even without ftaking these probable developments into account,
though they are by no means negligible quantities, we see that
there is a certain limit to the advantages of large cubature.

This limitation is due, essentially, to the gradual decrease
of the coefficient of utilization and CONSEQUENTLY OF THE MAXIMUMK
ALTITUDE OF FLIGHT. By increasing the ocubabure beyomd the point
corresponding to p maximum, (which bur calculations show %0 be
much smaller than is commonly believed), the maximum altitude of
the alrship goes on decreasing, in spite of the facht that the
range of action in a horizontal plane and the ussful load go on
incoreasing.

Now, the possibility of rapid ¢limb is undoubtedly an essen-
tial faotor of security of amerial navigation in the ocase of
storms.

The other factor of security is velocity. To run ahead of a
storm is another way of avoiding it.

High altitude and high speed are, however, antithetlcal
texms., It is possible to build airships capable of rising to
high altitudes, but they will, necessarily, have low veloalty,
just asit is possible to bulld. airehips having high speed, but
having a low ceiling.

Our investigation leads us to conclude that s meximum veloc-
ity of 120 km/h. is as far as we ought to go. Thie figure can
only be exceeded by excessive reduction of altitude of ceiling,
range of flight, and useful load.

Now, at 130 km/h., for g cubature of 300,000 cubic meters,
we have a coefficlent of utilization of 0.31, which, including
the 300 m. of initial rise, corresponds to a ceiling of about
4,000 m. altitude, reached, however, with a zero useful load and
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at the end of the flight only, after having consumed the entire
supply of benzine and oil. This ceiling is evidently of rela-
tively low altitude, and we should therefore consider the advis-—
ability of exceeding the above given cubature for airships of
this type.

Of course, with decreased velocity there would be an improve-
ment. For instance, with the same cubature of 300,000 cubic me-
ters and a gpeed of 90 km/h., the ceiling would be at about 5,000
m. The gain in altitude would not, however, altogether compen-
sate for the pronounced decrease of maximum velocity.

3. We will now consider the use of the airship in a public
passenger service.

The essential requisites of a pdblic transport sexrvice are
safety and regularity of service.

The first of these requirements can undoubtedly be met. We
have only to adopt a cubature large enough for realizing the fol-
lowing three conditions: (a) the certainty of being able to rise
rapidly to a height of 1500 or 3000 m. right at the beginning of
navigation; (b) a fuel reserve sufficiently ample to enable the
- ship to sail for much longer than the anticipated time, should

this be required by the aftmospheric conditions; (¢) the possibil-~
ity of developing & relatively high maximum speed. .

When these three conditions are satisfied we may say without
fear of exaggeration that AERIAL NAVIGATION BY AIRSHIPS IS SAFER
THAN MARITIME WAVIGATION. As a matter of fact; s ship on the
water cannot rise above the gale as an alrship can.

The necessity of satisfying all three conditions at the same
time, leads us to conclude, on %the basis of our dalculatioms,
that under the present conditions of aerotechnics it is not ad-
visable with airships used for passenger service, to exceed & nor-
nmal flying speed of 80 or 90 km/h. or a non-stop flight of more
than 3000 to 4000 km. In other words, we are convinced that the
best cubature to adopt is not that which aims at increasing the
length of non~stop flights or of the speed of flight, but rather
that which aims at safety in navigation by increasing the supply
of benzine and the amount of ballast.

The requisite of regularity, meaning thereby starting and
arriving at schedule time, is, for the airship, intimately con-
neoted with the guestion of safe navigation, since, when this is
assured we may, in a large measure, count on the flight being
aceomplished within the stated time. It cannot, however, be de-
nied that, aerial navigation being still largely dependent on at-
mospheric conditions, a strict adherence to schedule time can on-
ly be guaranteed. if the service is limited to the most favorable
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season of the year, though it may be remarked that the regularity
of the maritime service is also influenced by weather conditions
in a certain measure. '

We may hope that airships will be much less affected by
weather conditions when, in the near future, the problem of me-
chanical mooring, housing, and getting the ehip out of its hangau,
has been satisfaatorily solved.

3. I% is thus possible to assure an airship service offering
the most absolute guarantees for security of flight and alsv,
within practical limits, regularity of service. We must now con-
sider the question from the sconomical point of wiew.

We do not deem it necessary to enter hére into an analysis
of the unit cost of aerial transportation, but we may cerbainly
affirm that, in most cases, the cost of asrial transport will
necesgsarily be greater® than transport by land or water, especi-
ally when, as in a public service, satisfactory  regularity and
absolute safety are required. o

E -

But in judging the economical aspect of transportation, we
must conslider not only cash outlay, but also another essential
factor, namely, speed.

Considering the question from this point of view, we shall
not be so foolish as t0 pretend that the airship competes with
the railway or motor-car unless (and such cases are not rare) over
difficult or mountainous country or where business is limited.

In these cases the aerial service would show a considerable sav-
ing of time as compared with other means of transport, either on
account of the airship being able to take the most direct route
or on account of greater speed.

Also, we need not be surprised if in such characteristioc
cases the cost of aerial transport should prove o be less than
the cost of transport by rail or motor-car. For instance, if
the line is intended to link up two places difficult of acoess,
far digbtant from each other, and having only sufficient business
to warrant, say, a bi-weekly service. Under these conditions it
is quite certain that the cost of establishing and running an
aerial line would be muioh less than that of laying a railway or
meking routes for motor-cars.

Except for the exceptional cases just mentioned, we believe
that AN AERIAL SERVICE WITH AIRSHIPS IS ESPECIALLY AND PARTICU-
LARLY SUITAELE FOR FLIGHTS OVER LARGE EXPANSES OF WATER.

* And greater generally with airplanes than with airships. This
statement may seem, at first sight, rather paradoxical, but
it can easily be proved by even a summary analysis of the cost
of transport.
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We must here distinguish between short distance.end long
distance flights.

In the first case, 1t is evident that we can attain a high
flying speed, thereby obtalning a considerable advantage over the
usual maritime service, whether over seas or lakes. Such may be
the case, for instance, for a line Rome-Cagliari, or Rome-Tripoli,
or Rome-Paglermo.

For a longer distance, we must, on account of the reasons
given above, reduce our speed, bul, in any case, we may take it
that the journey will be completed in sbout half of the time re-
quired by the fastest ships.

The question now arises whether this gain in speed as oom-
pared with maritime navigation is such as to compensate for the
greater cost and the inevitasble decrease in comfort.

The answer to this query cannot be doubtful. When the safety
of the journey is assured and there are regular departures (two
conditions which, as we have seen, can be complied with) passen-
gers will certainly not be lacking.

Concerning the question of departures at stated times, we may
remark that for long journeys over the sea, punctuality in leav—
ing according to a pre-arranged time~teble is of less importance
than for short journeys. That is to esay, the departure of an
airship need not be announced much ahead of the time, nor nesd
the departures be arranged sccording to a fixed time-table. It
will be sufficient if the time of departure is announced two or
three days beforehand, so as %0 give intending passengers time %o
prepare, and to decide whether they will travel by air or by the
ugual maritime service. This consideration is of some import-—
ance, sinoce it meets the dbjection raiged that aerial transport
being, as it is, dependent on the weather, cannot compete commer-—
olially with maritime navigation.

4. THE AIRSHIP FOR TOURISTS.

In this field the airship has a unique position, surpassing
even the airplane. The airship tourist service cannot fail to
develop and flourish since it requires only a small capital and
combines large profits with sbsolute security of investment.

Such a service is especiglly important in countries like
Italy, where there is always a great influx of visitors from
abroad. We are convinced that a wsll organized gystem of touring
airships, especid ly in tourist centers, would not only be suc-
cessful from an investor's point of wiew, bubt would also react
favorably on the general economic conditions of the country.
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The following considerations justify the theory that a tour-
ist service with airships is capable of being developed under
the most favorable conditions.

lst. The sensation of absolute security given by an air-
ship in comparison with that felt in other modes of flight, can-
not fail to attract a large number of tourists.

2nd. For passenger transport the airship offers much
greater convenience and comfort than the airplane; also, the
alrship can slow down during flight or even remain stationary in
the air, thus allowing greater enjoyment of the panorams.

3rd. The risks of navigation are reduced to a minimum,
or even altogether eliminated, since the tourist service will
_only operate in suitable weather.

4th. The cost of terminal stations, material and per-
gsonnel are reduced to a minimum, especially for short distance
flights such as Rome-Naples, Bay of Naples, the Italian Riviera,
Siecily, eto. TFor longer flights, such as Rome-Constantinople,
Rome-Cairo, Rome-Paris, etc., these items will amount to more.

5th. Considering the class of passengers who will be
catered for, the rates charged may be fixed at a sufficiently re-
mmergtive figure.

5. RIGID AND SEMI-RIGID AIRSHIPS.

We will conclude this study by a rapid comparison between
the two types of airships which are today contending for suprem-
acyt the semi-rigid Italian type and the rigild German type.

Of the Italian semi-rigid type there are .two classes, one
having an articulated longitudinal beam, the other, a rigid lon-
gitudinal beam. .

While for small cubabtures, the absolute superiority of cur
articulated beam type 1s generally recognized (and proved by the
numerous requests from foreign Governments for sample alrships of
this type and the appreciations of them expressed. in the officlal
organs of those Governments;*) many experts and especially many
amateurs maintain that, even for large cubatures, the Itallan
semi-rigid type can successfully compete with the German rigid
type.
* Our Aeronaubtlcal Construction Works has just completed an M type
airship for England, and two O types, one for the U.S.A., the
other for the Argentine. Another of the same type is being bullt
for Spain. The O type, derived from the P type, (Crocco-Ricecal-
doni) may be comsidered as the most successiml of Ibtalian small
cubature airships. It was designed by Engineers Pes¢e and Nobila.
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Though there may be a doubt in the mabtter as regards the ar-
ticulated type, there can be none whatever as regards the rigid
type, as.shown by the brilliant success of our experience with our
first T type airship. We are convinced that to whatever dimen-
sions our T type may be increased (within the limite suggested
in this study) we shall always find that the particular character-
istics which constitute its fundamentally good qualities are not
only preserved, but even acaentuatbed.

Of course, we do not say that great increase of cubabure can
be made without giving rise to difficulties. When the cubabture
exceeds 100,000 cubic meters the problems of construation and as-
seriblage take on a certain importance, but though these problems
may be difficult of solution they are never such as t0 lead to un-
favorable conditions.

We eonsider that the essential reamn why ocur type is super-
ior o the German, lies in the conceptiom of the rigidity itself.,
In the German type, the whole of the external surface is made rig-
id, even where the natural pressure of the gas is sufficient to
preserve the shape. The Italians only make rigid those parts
which really require such treabtment, thus greabtly simplifying con-
gtruction and assembling which more than compensates for the
slight disadvantage of a less penetrating form. Moreover, as re-
gards the preservation of the form, the rigld type does not ap-
peaxr to have much advantage over the Italian semi-rigld, since,
with the rigld bow of the T type the excess pressure of the gas
in the envelopa gan be maintained relatively low, without fear
of any inconvenience arising either during navigation or during
mooring operations.

The superiority of ths Italian conception appears, however,
not merely in simpler construction, btut ale , and more especi-
ally, in greater strength. This is evident when we compare the
HUGE, DELICATE, FRAGILE ARRANGEMENT formed by the metallic frame-
work of the Zeppelins with THE STRONG, ELASTIC BACKBONE formed
by the longitudinal beam of the Italian type. This backbone is
STRONG because its parts, being relatively small and exposed %o
great forces, have a resistance which we shall sesek in vain in
the framework of the Zeppelin. It is ELASTI(, because its artioc-
ulated. joints, the peceuliar characteristiec of our longitudinal
beam, give it an elasticity which enables the airdip to withstand
shocks and bumps, while the Zeppelin, as experience has proved,
carnot support such shocks without seriocus damage.

These are the two most important advantages of the Italian
type over the German type. Ve may also mention the following:

ist. Rapidity and certainty in designing.

and. Rapidity of construction and utilization of mater-~
ials of current uae and constant characteristics.
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3rd. Great rapidity and simplicity of mounting.

4th. Possibility of taking the airship to pieces rapidl:
glther for purposes of storage or transport when it is not ad-
visable to send it under its own power. We may note that the Zep-
pelin cannot be taken apart.

5th. Possibility in the future of assembling the alrship
outside the hangar. In fact, the assembling of our longitudinal -
beam complete with all its accessories, comprising the siiffening
of the bow, the powsr plant, rudders, etc., @an be done without
inconvenienca in the open air if it is protected from the weather
by & temporary covering of limited dimens ons. When the rigid
part is assembled we can, given favorable condlitions and fine
weather, proceed. rapidly to the inflation of the envelope and to
its connection with the rigid part. After this, the airship may
be ready in a few days, if not to fly, at least to be moored so
that the final adjustments may be made without danger.

8th. Great facility of inspection and repalring of sin-
gle metallic parts. This considerable advantage arises immedi-
ately from the faot that the rigid part occupies only a small
space,  and alsy that the various parts are articulated together,
so that a damaged part cen easily be changed.

7th. Lower cost of construction and assembling. We need
not dwell on this point. Greater rapidity of construction and
assembling together with the use of current meberials must conduce
to a lower cost of production.

This advantage, however, must be set off against the cost of
operation. As a matter of fact, in the Italian type, when, from
any cause, the gas basg becomes inefficient, it must be entirely
renewed. It is certain that to change one of the gas compart-
ments of the Zeppe.lin is a much lese costly operation, but, on
the other hand, when we consider that the cost of upkeep of the
" rigid part is much less in the Itallan type, we come to the con~
clusion thab, on the whols, the upkeep of a Zeppelin is more -
costly than the upkeep of an Italian alrship.

In summing up all the advantages of an Italian airship over
.a Zeppelin, we must, however, admi% that in one point the latter
are superior, namely, in the coefficient of head resistance.
But we are convinced that this inferiority will soon be eliminabed
by successive inmprowements in the Italian type of airships. ’

Rome, December, 1920.
Translated by Paris Office, N.A.C.A.



TABLE I.
WEIGHT OF THE VARIOUS PARTS OF THE AIRSHIP
IN FUNCTION OF VOLUME AND SPEED.

P=v3 2 (B +p% v3) V¥R & (w'+ v'vE) v 45 ve/e
" (P in kg.; V inm.®; v in km/h.)

: - B v2/l3

PARTS i’ v1/3§
- : 8! . B" v3

Envelope with all aocces-
gory organs inaluding ¢
valves and valve oon- : :
trols : : 2.410

*e B
3

Stiffening of vow

Stabilizers and rudders
with controls.

o pe o

e od

Longitudinal Beam

Accessories of longi-
tudinal beam {(cover—
ing, gangway, shock

absorbers 0.374

" A 6 a2 ou ¥S Bw AV g o u
»

Power plant with sup-

ports 107¢ 3.15 v°

5 %) ee @B AP A se Y NP se e v av o a0 vP e a9 wp» .

% w8 e an e

Maneuvering devices :

Plant for lighting, : :
wireless, ventilabors : 4.5 : 0.1

Pilot's csbin : 1 0.300
Crew : 20.0 : : 10°° 0.20 ¥v°

Engine spare parts .
and tools S : : 107% 0.18 v®

Resexve ballast and
ballast for initial :
climb of 300 m. :

G = 84.5:8'= 5.574: BT = 10-% 3.51
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TABLE ”I (Cont.)
WEIGHT OF THE VARIQUS PARTS OF THE AIRSHIP
IN FUNCTION OF VOLUME AND SPEED.
P=v2 4 (B'+ B"v?) v243 L (v e y"vB) V o+ & VY2
(P in kg.; Vin m.®; v in km/h.)

R .
'.l » 4

: /3
PARTS : : ; 5w

Envelope with all aoc~-
cesgory organs includ-:
idg valves and valve

e as

eontrols - : 0.008 : : 0.00374
Stiffening of bow : : 107° 1.3 ¥

Stabilizers and rudders':

with controls : 0.047

Longitudinal Beam : 0.023 : 107 0.5+v® :  0.00236

" Accessories of longi- : :

tudinal beam (covering: : :

gangway, shock absorb-: : e s -

;8rs) : 0.003 1077 1.3 v° :
Power plant with sup-

ports- : : :
Maneuvering devices 0.000860

Plant for lighting,
wireless, ventilators

0.007
Pilot's eabin
Orew : 0.003

Engine spare parte : '
and tools : : :

Resexrve ballast and :
ballagt H r initial

L)

olim b of 300 m. L 0.0 ;
. t ¥V = 0.1680: v =10-° 3.1: O = 0.0067

.
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TABLE II.

90 km/h.

Normel Velocity of Fiight, about 78 km/h.

:Ugeful

:1iftin

rCoeffic-:Fuel & : Limit

: No. of
i ient of :0il per:distance:passengers: passen—

%for.

:No. of

Cubabure: fores uhiliga~: P for 1000 l*mgars for
:£ = 1100 tion : : : 5000 k.
: kg/m.2 : : : : :

vm® : @ke. : P : ckg.: L km. @ :

5,000 : 1,877 : 0.3411 : 0.773: 3,431 : 1 0
10,000 : 4,473 7 0.4005 1 1.33%: 3 847 3L 0
15,000 : 7 095 : 0.4300 : 1.€086: 4 418 : 55 0
20,000 : 9 700 ¢ 0.4409 :  1.946: 4 2985 7Tt % O
25,000 : 13 2”5 . 0.4463 : 3.3E58: 5 436 100 : o)
30,000 : 14,83‘5 : 0.4489 : 2.8580: 5,809 : 133 21
35,000 : 17,313 : 0.4497 : 23.836: 6,136 : 145 = 32
40,000 : 19,775 : 0.4194 : 3.089: 6,403 : 187 43
45,000 + 232,303 : 0.4485 : 3.341l: 6,645 : ige 55
50,000 : 24,539 : 0.4471 : 3.534: 6.861 310 : 87
80,000 : 89,264 : 0.4434 : 4.047: 7,831 : 358 80
70,000 : 33,8086 : 0.4390 : 4.48&: 7, 538 @ 393 114
80,000 : 38,336 : 0.4344 : 4.903: 7, 706 ¢ 333 ¢ 137
90,000 : 43,406 : 0.4383 : 5.304: 7,995 = 371 158
100,000 : 46,699 : 0.4345 : 5.620: 8,307 : 410 : 182
135,000 : 56,893 : 0.4133 : 6.803: 8,57 : 501 : 237
150,000 : 68,083 : C.4005 : 7.456: 8.863 : 586 : 288
175,000 : 74,923 : 0.389% : 8.563: 9,067 : B87 : . 336

200,000 : 83,358 : 0.3784& : 9©.032: 9,&8 742 381
225,000 : 91,118 : 0.3R8L : 9.77Q: 9,536 : gl3d 433
250,000 : 98,541 : 0.3583 : 10.420: 9,403 @ 881 : 461
275,000 : 105,548 : 0.3489 : 11.139: 9,450 944 497
300,000 @ 118 184 : 0.3399 : 11.835: 9,4Y7 : 1,003 @ 53C
335,000 : 118 407 + 0.3313 : 12.484: 9,485 : 1, 059 560
350,000 - 124 299 : 0.3339 : 13,118: 9,477 : 1 118 587

e
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TABLE III
Maximum Velocaity,
Normal Velocity of Flight, about 95 km/h.

130 km/h.

: Ugeful :Coeffic-:Fuel and: Limit

&50,000:

No. of : No. of
i lifting :lent of : oil :distance:passengers ipassen;: -,
Cubature: force :utiliza~:per km. : for :gers for
2 ' tlon : 1,000 km. :3,000 km.

Vw2 : OXkg, b o kg L km.

5,000: 758 : 0.1378 : 1.373 : 553 : 0 0
10,000: 32,654 ; 0.3412 : 3.170 : 1,318 : 5 0
15,000: 4,678 : 0.3835 : 2.855 @ 1 638 : 18 0
30,000: 8,737  0.30683 : 3.489 : 1,948 : 33 0
35,000: 8,802 : 0.3200 ¢+ 4.014 : 3,193 : 48 0
30,000: 10,888 : 0.33%0 : 4.533 : 3 396 : 83 0
35,000: 12,895 : 0.3342 : 5.033 : 2 587 : 79 0
40,000: 14 914 : 0.3388 : 5.491 : 8,716 : 94 0
45,000: 18,911 : 0.3418 : b5.939 : 23,847 : 110 0
50,000: 18 881 : 0.3433 : 6.371 : 8,963 : 135 0
60,000: 33,751 1 0.344%7 ¢+ 7.195 ; 3,163 : 158 i3
70,000: 86,523 : 0.3444 : 7.973 : 3,336 : 185 36
80,000: 30,187 : 0.3431 : 8.716 : 3,464 : 215 40
20,000: 33,6891 : 0.3403 : ©9.428 : 3,574 : 343 54

100,000: 37,246 : 0.3388 : 10.114 : 3,683 : 271 69
125,000: 45,553 : 0.3313 : 11.736 : 3,881 : 338 103
150,000: 53,335.: 0.3233Z : 13.852 : 4,035 : 401 138
175,000: 60,6838 : 0.3149 : 14.687 : 4,138 : 459 186
200,000: 67 468 : 0.3068 : 16.055 : 4,302 : 514 193
335,000: 73 873 : 0.2985 : 17.365 : 4 254 : 565 2318
250,000: 79 877 : 0.2905 : 18.630 : 4,887 : 612 340
375,000 85,496 : 0.28826 : 19.85% : 4,307 : 856 259
300,000: 20,753 : 0.2780 : 31.037 : 4 314 : 897 876
335,000: 95,860 : 0.23676 : 233.120 : 4,311 : 735 291

100,237 : 0.86804 : 33.314 4,389 769 303
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TABLE IV.

Maximum Veloeity,

150 km/h.
Normal Velocity of Flighti,

about 119 km/h.

: Useful :Coeffig-:Fuel and:Limit No. of : No. of
: lifting :ient of : 0il :distance:passengers:passen=-
Cubature: .force rutiliza-:per km. for :gers for
: tfion : : : 500 km. : 1000 km.
Ve : & xg. 0 a kg. L km. :
5,000 : ~1,083 : -0.298 : :
10,000 : - 389 : -0.038 : : : :
15,000 : 772 : 0.0468: 4.481 : 178 0 : 0
20,000 : 1,957 : (0.0889;  5.40¢ : 36z 0 : 0
25,000 : 3 210 + 0.1187: &a.271 : 512 . 1 : 0
30,000 : 4 496 : 0.1362: 7.083 @ 635 : 10 : 0
35,000 : 5 80 : 0.1506: 7.848 : 738 19 : 0
40,000 : 7 113 : 0.1817: 8.579 : 829 : 38 s 0
45,000 : 8,428 : 0.1883: 2.379 : 208 : a8 : 0
50,000 : 9 735 : 0.1770: 9.955 : 278 : 53 : 0
&0,000 : 12 331 : 0.1868: 11.843 : 1,097 : 87 : 11
70,000 : 14.883 : 0.1932: 13.458 : 1,19% % 87 : 24
80,000 : 17,384 : 0.1975: 13.618 : 1,376 : 106 : 38
G0,000 : 19,743 : (0.1994: 14.730 : 1,u40': 124 B0,
100,000 : 22 leg : 0.23017: 15.802 : 1,404 : 143 : 864
135,000 : Zﬁ 850 : 0.2085: 18.337 : 1 ,219 187 H S5
150,000 : 33,115 : 0.3007: 20.707 : 1,599 : 238 : 124
175,000 : 37,993 : 0.1974: 23.948 : 1,656 .: 265 : 150
300,000 : 43,497 : 0.1933: 35.085 : 1,894 : 298 : 174
835,000 : 46,638 : 0,1884: 27.134 : 1,719 : 331 : 185
250,000 : 50,335 : (0.1830: 89.109 : 1,739 : 358 2123
275,000 : 53,899 : 0.1783: 31.012 : 1,786 : 384 229
200,000 : 57,045 : 0.1723S: 32.871 : 1,735 : 407 243
325,000 : 55,883 : 0.1875: 34.873 : 1,737 : 435 252
350,000 : 63,4236 ': 36.429 : 1,73 442 360

0.1621:

+3
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THE FUTURE OF AERIAL TRANSPORTATION IN PUBLIC SERVICES.*
By Umberto Nobile.

Any one wishing to express synthetlcally the essential char-

acteristics which differentiate the airship from the ainplage,
would not hesitate to ascribe to the former great potentiality of
transportation with limited velocity, and to the latter great
velocity with limited potentiality of transportation. (Hote- In
nozenclature peculiar to aerial transportation, it would perhaps

be well to introduce this new term: potentislity of transportaiion,
Wwoicn is understood to mean the maximum Quantity of passengers -
kilometer or tons~kilometer - which the aircraft is capable of car-
rylng, under the assumption that navigation is effected at a do-
termined height of, say, 5000 meters above sea lavel. The oppoT-
‘tunity of employing this new. term comes on reflecting that the _
term "useful load," by which is meant the total weight of fuel wit:
relative tanks end reserve contalners, and the weight of the pas-
sengers with relative cabins, or, in other words, the term used in
my previous article: useful lifting power, does not define com-—
pletely the transportation characteristics of aircraft, and, con—
sequently, one is obliged to give also the radius of action, whica. .
however, varies according to the hypothesis wmade in regard to di- -
viding up the useful load betwcen the welght of the gasoline and
0il, and the weight of the passengers or merchandise. Therefore,
for the sake of " uniformity and greater convenience in draying
comparigons, it ia well to fix once and for all the criterion on
which is based such distinction, and define, as stated above, the
ot f & rtation of aircraft. This also is propor-
tional to the maximum distance over which aircraft can travel, ]
withou? landing, or distance limit, as I termed 1% in my preceding
study.

These characteristios are deduced from a study of the prog-
ress made during the last years in both types of aireraft: in alr-
ships of recent comstruction the useful loads are calculated in
tons, whereas the unit of measure as applisd %o airplanes is still
the duintal.

Approximately, the same ratio is applicable to the radii of
action, that is, a few thousand kilometers for alrships, a few
hundred kilometers for airplanes. As regards velocity, if air-
ships have exceeded 100 kilometers per hour, alrplanes have for
some time now exoeeded 300 kilometers per hour. In order to be
convinced of the exactness of these statements, it is sufficient
to glance at the characteristic data in the tables appended here-
to of the airships and airplanes constructed in Germany during the
war. These tables show that the maximum useful loads of the air-
gships are quite twelve times greater than those of alrplanes .
(Zeppelin L.71 compared to airplane Zeppelin R XIV) and the poten-
tiallty of transportation (and consequently also the distance-
1imit that can be flown without landing), is seven times grsater

* Translated in Offlce of the HMilitary Attache, Rome.
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than that of airplanes (airship Zeppelin L.71 compared to airplene
Friedrichshafen, G.IV a). Let us compare the data relative to the
1ar%est airship constructed by the Germans during the war, the

L. 71 to the greatest German bombardment airplane, the R.XIV, con-
structed in 1918 by the "Zeppelin-werke - Staaken," and with the
fastest German pursuit airplane, the Siemeng-Schuckert D.VI:

Useful Velooclty Useful Useful load pex
load load per HP x VelOCi'b'f _

- HP (proportional .

. ' potentiality of

kg. - km/hour kg. transportatior)
Airship L. 71 51,000 128 33,0 4,028
Airplane R.XIV 4,200 120 to 135 3.4 437
Airplane D.VI 2,300 230 1.4 317

Now, thess different charaoteristics of the two systems of

aerial locomotion are so closely connected with the very nature
of the two systems, that a noteworthy variation of these charac-
teristics is considered highly improbable in future ,constructions..

On the other hand, sufficient light has been thrown on this
point by mathematical analysis through the application of the laws
of mechanical similitude, analysis, which, while to some nay per-
haps be considered a tedious exercise, nevertheless develops pre-
vieions of indisputable value from the standpoint of order of
greatness, and gives results which, in every case, constitute a .
valuable gulde for the technician by pointing out the best way %o
improve the characteristics of the airplane, and surpass with hils
inventive genius the very roughly approximated previsions deduced
in accordance with the law of mechanical similitude.

Quite distinot ares the fields of practical aspplication, both
civil and military, accruing to totally different characteristics
of the two means of transportation. It is a mistake to admit thas
the lighter-than-air and the heavier-than-air can compete with ons
another in the same sphere of activity; it is even a bigger mis-
take to suggest that one could actually beat out the other. View-
ing in the same light the matter of land and sea transportation,
no one can suggest that as a result of competition betwsen the au-
tomobile and the train, the ship and the motor-boat, one or the,
other 1ls doomed to disappear.

We will now take up the duestion as to whether the actuation

of publig services for transportation of passengers with elther of
the above means of aerial locomotion is possible and profitably
gxpedient.



Such study must be made in relation tc the four main points

of the question: safety, regularity, comfort, and cost of the aer-
ial journey. . :

I. THE SAFETY OF AERIAL TRANSPCKTATION.

Theoretically speaking, in order to guarantee the safety of a
public transportation service, everything wust be tuned to a state
of perfection, with a perfect functioning of the entire edulpment: -
that is to say, fixed plants, the routes, the material, the per-
gonnel, the organization. Practically, absolute perfection is
unattainable; conssquently; ‘it happens that defective material or
mechanism, inattention or negligence on the part of the personnel
the non-observance of a regulation, the influence of an extraneous
action, can pe the cause of a railway disaster or a shipwreck.

An accident obeys laws which, although not definable in them-
gelves are none the less real: hence, transportation accidents oc-
cur with a certain frequency in every bmanch according to the type
of plant, the grade of. perfection of the material employed, the
personnel, and the organization. Therefore it can be said that
every branch of transportatlon has a degree of safety peculiar to
it. In order to be convinced on this point, suffice it to note
the great uniformity of +the statistics of railway acaldents. For
example, on our State railways during the years from July, 1806,
to June, 1914, the viotimeof rallway accidents, killed and injured,
were for each year and for every 100,000 trains-kilometers:

1,36 - 1,33 - 1,33 - 1,49 —- 1,36 - 1,55 - 3.11 - 1.60. The differ-
ence between the maximum and minimum values and the average value
is only 4C% and 30% respectively.

The question therefore is whether in the present state of
aeronautical technique, an aerlal service can offer a degree of
safety comparable to that of the rallway, automoblle, or sea
services, when run under normal conditions. .

THE SAFETY OF AIRPLANES.

This is a . Question of such grave importance that it 1s more
taan ever a duty to be frank. :

Although dynamic support, this brilliant comquest of human
ingenuity, which, in its exterior forms and in 1ts intimate mech-
aniem is so much more genial and aesthetically suggestive than
gtatic support, has rendered a great service during the late war,
it cannot be exploited o the same useful extent in civil activi-
ties unless the grave risks which seem %o be inherent to it, arse
eliminated.
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. One of the chief causes retarding the civil progress of the
alrplane liees in not immediately. acknowledging the really weak
glde of the technique of the heavier~thap-air, and in attempting
to launch prematurely into commercial aviation with airplanes
which are not safe, because by failing to admit this weakness,
energy and means which could be much more profitably used in solv-
ing this fundamental and essential problem of safety, are dlvert-
ed into other channels.

The meager safety of dynamic flight with the airplane is un-
fortunately proven by the aviation disasters which occur with
such alarming frequency. To conceal this painful truth will not
eliminate the evil, for even now the public has rather an exagger-
ated notion that the safety of the passenger in an airplane prac-
tically depends on the good working of the engine and on the pi-
lotl's ability. ) '

We give here some comparative statistical data. From an of-
ficial report on the progress of Brltisgh civil aviation, one
sathers that during the period of May, 1218, to September, 1920,
?17 months) about 2,000,000 kilometers were flown, carrying a to-r:
tal of 1,000,000 passengers. There were 45 accidents, of which
19 did no damage to persons, and 26 resulted as follows:

Passengers 2dead. : 8 Pilots (dead : 7 =~ Casual (dead : 1
{injured : 15 (injured : 13 (in;ur?dl

That is to say, for every 100,000 kilometers flown (airplanes-
kilometers) there were:! )

Passengers (dead : 0.36 Pilots (dead : 0.38 Casual (dead:0.045
(injured:0.68 (injured: 0. 59 . {injured.™

In order of greatness, these figures are fully conflrmed by
the statistics of acclidents which cccurred on the French routes.
In fact, from.a report of Monsieur Pierrot which appeared in the
review "1l!Aeronautidue,! one gathers that in 1819-1920, during
which time 1,180,000 kilometers were flown, 7 persons.were killed
and 7 injured. That is to say, 0.59 dead, and the same percent-
age of injured for every 100,000 kilometers flown.

Let us compére the figures given above with those .. . =&
of the Italian State Railways. On the latter, during the period

1911-1915, the accidents for every 100,000 trains-kilometers with
passengers, produced the following damage to persons:

‘Passengers (dead : 0.01 Employees (dead :0.008 Casual(dead .00
. (injured:0, 43 (injured:0.73 (inj. 0. 37
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In comparing these figures with those of the aviation service.
one must aboye all bear in mind the enormous difference existing
between the average number of persons transported with each flight.
anl in each railway train. Therefore, it is not surprising that
the percentages of injured in both cases are vhe same notwithstand-
ing the fact that the possibility of accidea’s in airplanes is un~-
fortunately vexy much greater.

It should be noted that in the aerial service, of the total
nunber of casualties (passengers and pilots) 35% were killed (Eng-
lish statistics), while on the railways the percentage of deaths
is decidedly smaller, viz.: 2.4% for passengers and 1.1% for men
on duty in the service. This does to* confirm, even if confirma-
tlon were necessary, the heavier percentage of flying accidents
over rallway accidents. This remark, together with the other re-
mark made above in regerd to the number of persons transported on
every journey, makes the comparison between the two statistics
more alarming still. In fact, admitting that the relation between
the number of psrsons transported by airplane and by train is only
1 : 100, the possibilitvy that a passenger will lose his life in an
aizplane on account of an accident is 3600 times greater than if he
were travelling on the railway.

Is it possible to solve the problem?

There is no denying that serious risks are, apparently, un-
avoidably and intimately connected with dynamic support. To remain
in the air only in virtue of a working mechanism invariably implies
the possibiliiy of a fall or at least of an involuntary landing on

ve~haps some ill-adepied ground, when trouble or & breakdown_ occurs
in the mechanism itgelf, or if the pilot makes an error in his
maneuvers. :

It is well to call to mind the example of nature, because in
birds, the pilot and engine are just one harmoniously-working, or-
ganioc whole, gifted with sensibility and reactive power, which i1s
Incomparably greater than that found in the mechanical bird

It must be stated that since the armistice was slgned, only
very small efforis have been made towards solving this problemn,
wh.ich is certainly not impossible to solve. The very psychology
of war, which lowered the measure of consideration for human life,
has influenced the direction of the efforts made and the means
adopted, and an inorease of velocity and endurance rather than
safety has, so far, been the chiesf ain.

It is necessary, however, to convince oneself that whereas
commercial aviaftion has not really made any serious progress by
constructing airplanes similar to the present ones which may be
capable of transporting 100 passengers or more, 1t would, on the
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other hand, make a gigantic stride if an airplane were constructizd
which would carry, maybe, only ome person, but with that measure
of safety which unfortunately is still a matter of conjecture.

A great step in the right direction has been made by the frac-
tionali.distribution of the motive power, by the adoption of gngineﬁ
of greater reliability, and by greater strength in construction;
but & really great progress wlll have been made only when the in-
trineic stability of the airplane has been increased and when, un-
der normal flying conditions, an important reserve power is avall-
able, as is already the case witk airships. .

This, in my opinion is the fundamental problem. Only when ..
i% has been solved, will the alrplane make its triumphant entry in~
.10 the field of public services, otherwise its activities will cer-
tainly be confined to those of & military and sporting nature.

SAFETY IN AIRSHIPS.

Hapgily, the same drawbaocks are not found in the alrship,
Transportation by airship todsy can be made quite as safe as by sea.

Let us meke a rapid survey of the mére serious accidents that’
could occur and be a source of danger: .

(a) Breaking of a part of the structure.

b} Trouble with, or fallure of an engine.
{c) False maneuver.

d gepletion of gasoline and oil supplies.
e og.

(£) Sudden storm. '

(a) Breaking of a Part of the Structure.

The breaking of an element of the keel or of any other vital
gupporting part of the airship, or trouble with the controlling o»-
gtgans, very rarely happens with our airships on account of the
great strength .of every single part, whioh strength can easily be
oktained without excessively reducing the coefficiemt of utiliza-
tion. But even admitting that any breakdown of the kind should oo-
cur, the safety of the passengers would never on any account be
jeopardized because the breakage could be repaired on board the
airship itself. At the most, in the event of it not being possible
to complete the repairs on board, a reduction of speed might become

necessary.

The poseibility of repairing a breakage goes naturally hand
in hand with the possibility of having access to the seat of the
trouble. From this standpoint, it is opportune to remark on the
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superiority of our T +type (Roma type), in which all the supports
ing elements, all the organs bi conirol, maneuvering safety, can

easily be reached by the crew. -

(b) Trouble with, or Failure of an FEngine.

Considering that in the normal navigation of alrships, only &
part of the available engines is used, (in our T alirship, one-
half or one-third is ueed), the others being kept in reserve, one
arrives at the conclusion that trouble with, or fallure of a group
of engines can never jeopardize the safety of the journey, all the
more because in nearly every case it is quite possible to make re-
pairs on board the alirship without stopping the flight. Apropos
of this, suffice it to mention that during the fin testing and
acceptance of ocur airship "Roma', a new cylinder was quickly put
on without any difficulty, in addition to the usual changing of
valves, springs, spark plugs, magnetos, etc. Changing the propel-
ler.became Quite a matter-of-fact operation on every btrip, substi-
tuting on one of the engines, a shorttiime before landling, a revers-
ing propeller for the normal air screw. The operation was carried
out in about 15 minutes.

{c) Falge Maneuver.

Anybody who has travelled on our airships, and in particular
on the "Roma'", knows quite well that 'in the course of navigation
the actual steering of the airship is a very easy matter. Even if
the steersmen leave their wheels, the airship goes straight ahead
Just the same. In truth, under normal navigating conditions one

cannot concelve how a false movement could jeopardize the safet
of the airship. From this standpoint, safely 1s even greater tgan

on the railway where the inattention on the part of the enginser
or error by a switchman, is sufficient to cause a railway disaster.

The work and ability of the crew acquires the greatest impor-
tance only at the moment of landing. But even if a false maneuver
in landing is maide, the maneuver would merely have to be repeated,
and in the worst of cases the alrship would hit the ground and gevs
damaged, but a disaster would never occur.

(a) Depletion of Gasoline and 0il Supplies.

This is the most serious thing that could heppen to an alr-
ship, With depleted supplies of gasoline and oil, the airship
lies at the mercy of the wind., Should this heppen when the alr-
ship is travelling over the land, the passen%ers run no risk, be-
cause by maneuvering as if 1t were a free balloon, it would be
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possible to land, even though this is somewhat risky as far as the
actual material is concerned. 8Should this shortage of supplies
happen when on the high seas, it is a much more serious affaiz,
even if life-belss are provided; or even small life-boats.

But such a contingency has merely been mentioned in order to
exclude it, bscauee it cammot, in fact, should not, ever happen.
No matter what kind of journey is undertaken, one must, apart from
the necessary Quontities of gasoline and oil, also have an ade~
qQuate reserve of fuel to face the poseibility of the airship being
dragged out of ite course, or in case it is found necessary to
lengthen the journey or increase the speed. '

It is inconceivable that a £light should be made in an air-
ship with an adequate supply of fuel, just as it is incomprehensi-
ble that a steamshlp should start on a voyage with insufficient
supplies to carry it through the journey.

(e) Fog.

Whereas fog may constitute a real danger to the airplane in
the event of it having to land, it is never so for the airsghip.
(The accident which heppened to the British airship R.34 on Jan-
vary 28, when it bumped against hilly ground at Scarborough, must
be considered exceptional, and probably was due to a navigating
error, Considerable damage was done to the cars containing the
englnes, but nohcdy wae injured.) YAt the most, fog can cause &
delay in landingm, coumpromising the regularity but not the safety
of the operation. The presence of thick fog, which is a prohlbi-
tive condition For the landing of airplanss, is not prohibitive in
the same sense fox airships. I will cite the case of two Itallian
military airships, the ¥ II and ¥ 14, whioch in February, 1918, .
during the came night, landed in a very thick fog, the one .at F
Piova di Saceo (Chiogglia) and the other at Cawvarzere (Padova), and
on ground which was thickly covered with tall trees. The two alr-
ships remained onchored to the trees for about 11 hours, until the
Tog had 1lifted, whereupon they proceeded on their journey.

WF) Storam.

The possibility of a storm coming up, especially on long
journeys, must also be taken into account, even if a good asrolog-
ical informetion service is available. It may secem an exaggeTa~ ., .

tion to assert that in such a case an airship is better off than
a ship on the sea; nevertheless, it is an indisputable fact.

The airship’ (and much more so the airplane) has the advantage
sver the ghip in that it has greater velocity (two or three times
as much), and there is open to it the possibility of climbing up

'
H
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over and away from the storm. ‘The ship has not this possibility
and must face the storm. . )

The Danger of Fire in Airships, and Helium.

' We have not included among the possible accidents, the dangez
of fire, because when alrships are well designed and constructed.
such as ours are, the danger is non—-exisgtent. However, it 1ls we..
to dwell briefly on this point. .

There has been much discussion about helium, and genersally,
great importance is attached to its industrial production under
the consideration that by substituting it for hydrogen, all danger
of fire in airships is eliminated.

Now, in principle, there is no denying that to substitute an
inert gae for an inflammadle gas is prefsrable. But apart from
the fact that it is very improbable that helium can be produced in
Quantities sufficient to meet aerial navigation, and at a satis~ ..
factory price, I am of the opinion that the moral advantage galned
by the substitution of helium for hydrogen, would not compensatc
sufficiently for the sacrifice of 1lifting power, with the excep- .
tion naturally, of military airships, which are the only ones real-
ly exposed to the danger of fire during navigation when struck by
hostile gunfire.

As regards civil airships, I spoke of the moral advantage be-
cause really, as the engines both on ocur and on the German air-
ships are detached from the envelope, and work in the open air,;
there is no danger of fire during navigation. (An official repori
of the British Air Minietry states that on 4,000,000 kilometers .
flown by the British airsghlps during the war, only one was lost by
fire during navigetion. Thls was during a trial flight of a new
type of alrshlp, and the cause of the fire was immedlately locaked
and eliminated.5 _

In order %0 avoid all possibility of fire in the hangar, it
is necessary to take severe measures of precaution. Nowadays
these measures are so very striot in airship hangare that undoubt-
edly a fire is more common in an airplane hangar than in an air-
ehip hangar.

It would not be surprising if, after substituting heliunm for
hydrogen, and loosening somewhat the preocautionary restrictions,

the danger. of an outbreak of fire wlll be inoreased rather than
diminished.
&. REGULARITY IN AERIAL TRANSPORTATION.

When we speak of regularity in public trahsportation servioe;
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we mean essentially: punotuaiity in arrivals and departures.

From this point of view, we frankly recognize at once thai
regularity in an derial service is seriously handicapped on ac-
count of the service being subject tc atmogpheric conditlons, which
means that navigation is possible only on a certain number of days
of the year, a number which varies according %o the characteristlce
of the aircraft, according to the region in whioch the service is
developed, and aocording to the length of the voyage.

Wo hasten to add that such subjection is, in the ocase of
alrships really much greater than it is for airplanes, because the
real difficulty ie not that of keeping up in the air even against

strong wings but in entering and leaving the hangar when strong
cross~-winds are blowing. (ﬁowever, in the above-mentioned report
of the British Air Ministry on this subject, it was stated:that,
*Worthy of note is the faot that for 11 months of the year 1918,
there were only O days in which no flight was made by airships in
the British Isles, where it is well known, the worst climatic con-
ditions in the world prevail. The airship can fly on days of fog
or low §louds when it would not be advisable for an airplane to

do s0." ,

The Question of Hsngavs, and the Yechanical Ysneuvering
of Airships. . .

We are confronted here with a problem of fundamental impor-
tance for the civil future of airships, viz.: the possibility of
leaving the ground and landing in strong winde without employing
for the relative operations an excessive number of men, and without
exposing to excessive risk the struetures of the airships.

The problem may be met either by speoial forms and arrange-—
ments of the hangars, for example, with movable hangars such as are
already in use in Germany, or by eQuipping the present hangars with
two wind-soreend, which, starting from the ends of the walls of
the hangar, stretch out to the landing field in such a manner as to
permit the alrship to enter between the two projecting wings, keep-
ing the axis of the airship normal to the axis of the hangar; or,
agein, by adopting special mechanical devices (a "Orocco" revolv-
ing platform, or rails). It is merely a question of expendliture
for the relatlive plant and edulipment. . '

This extra expenditure however would be largely compensated
for not only by the attainment of greater regularlty of service
but alsc by & decrease in the expenses relative to labor, and above
all by the 1lncreased transportation, so that even taking into ac-
count the major amortization and interest on the capital expended
on the plant and eduipment, a considerabls diminution in the cost
of the passenger-kilometer would be realized, as we shall show lat-
er by a few numerical data.
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It 1s also thought that the Question ¢ould be radically solved

by abollishing hangars altogether, and substituting for them special
anchoring devioes either on the ground or on the water.

Without denying the importande df systems which serve quite
well for ghort sbops for fuel—replenishin%;gu:pcses, and for load-
ing and unloading passengeds, we hold that there is no likelihood,
at least for some considerable time to6 come, as ig;wgﬁ_lgzgg_glz—

hips are concerned, that there will be any abandoning of that com-
medious, safe shelter offered by the hangar, which alone can effec~
tively protect airships from the fury of storms, and assure them a

long life. The hangar is no less indispensable for the actual ex~
- ecution of ordinary maintenance work.

The Necessity of Confining the Public Service to the
Most Favorable Seasgon.

No matter what improvements may be made in the technical con-
struction of aircraft or in the fixed installation of alrdromes,
or in actual maneuvering, there is no denying the faot that an
aerial service can never be run with the same regularity as rail-~
way or sea services, even though the service were maintained all
the year round. -

In a study which I made in 1918, on the cost of aerial trans-
portation by airships, I pointed to the opportunity, or, I should
say, %o the necessity of confining the service to the most favora~
ble season because 1t 1s only by guaranteeing punctuality of de-
partures and arrivals, nine times out of ten, that it will be pos-~
gible to win the confidenoce not only of pleasure-seekers, but also
of business men. A minor punctuality could be tolerated only for
the great transatlashtic services. By this we 4o not mean %o convey
that the plants, eduipment, airships, and personnel could not be
profitably utilized during the periods of fine weather of the off
season. On the contrary, I consider it highly opportune also from
the economical point of view, to take advantage of suc¢h periods of
fine weather to run a service in places where there is a large ocir-
culation of the tourist element, there being no absclute necessity
in this case of great punctuality and regularity as is the case
with a public service. This applies particularly to Italy where,
by & happy coincidence, the circulation of foreign tourists in the
winter and spring months, which are the least suitable for a regu-
lar service of aerial transportation, is especlally pronounced.

3. COMFORT IN AERIAL TRAVEL.

_If safety and regularity are indispensable reqQuisites for a
public service, the actual travelling comfort is a matter of con-
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siderable importance: The sdperietity of the airghip over the
altplane, 1s dlso it this respect; very appatrent.

The greal space availeble on airsghips, and the great awmount
of useful load carried by them, affoird the possibility of provid-
ing for the passengers’ comfort, which is both desirable and neces-
sary on a 1on% journey; such asg comfortable seats, sleeping accom-
modations, toilet rooms, reading room o6 sitting room, kitchen; . eto
In other words, with the airship it is possible to offer practi-
cally the comfort offered today on the railway and on trandatlantic
liners although in a reduced form. Naturally, obvious considera-
tions of economy of weight and the exligiencies relative to the |
distribution of loads, will impose certain restrictions, but to
compensate for these the traveller will not suffer from seasick-
ness.

These statements reQuire no illustrating inasmuch as any one

whd has travelled on our airships, and in particular, on the
"Roma'", will recognize the truth underlying same. The freedom to
move 1n a space of over 300 feet, the smooth travelling, and per-
fect stability are matters which need not be elaborated upon.

. The only thing which troubles the passenger, until he is ac-
customed to 1%, is the noise of the engines, which is Quite as |
great a nulsance ag the noiges of the railway, but which, however,
can be eliminated much more easily than those of the railway by
simply placing the passenger cabins in front of the engines, or
by adopting a spscial structure for the cabin walls.

As things stand, it should not be considered an exaggeration
when we state that the airship will be one of the most comforitable
and enjoyable means of travel, perhaps the most comfortable, in |
view of the advantages it offers over both steamehips and rallways
in respect to seasickness, and thse jolts, bumps, vibrations, and
annoying sounds encountered on sea and land travel. Naturally,
thls statement cannot apply to the airplane in its present state.
The limited space, and limited carrying caepacity naturally reduce
comfort to a minimum., Bumps, shocks, and vibrations are very 4iffi-
cult to eliminate. We must conclude therefore that the alrplane
today, although quite well adespted for sport and, generally speak-
ing, for the transportation of passengers desirous of experiencing
pleasant emotions, is not yet sultable for the transportation of

normal passengers.

4. THE COST OF AERIAL TRANSPORTATION.

We ocome finally to the last but very important question of the
cost of aserial transportation. .
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First of all, it is a curious thing that the general opinion

is that the cost of aerial transportation by airship is greater
than that by alrplane. It is just the contrary, when of course
the alirshlp is used for transportation adapted to its peculiar
characteristiocs.

The arguments brought forward in support of this opinion,
without backing them by numerical data, are well known, namely:
expenses incidental to the hangar, to the maneuvering personnel, _
and to hydrogen. Later on we will illustrate by a concrete exampic
how unfounded this opinion is, and how the.expenses for the hangar,
maneuvering personnég, and gas, do not really figure excessively
in the cost per unit of transportation,

Meantime, it is necessary to bear in mind that with airshlps
the consumption for navigation (consumption of gasoline and oil,
and wear and tear of the engines) is, with respect to the un;ts of
welght carriad, oconsiderably less than in airplanes. This differ-
ence, which is already considerable in small airplanes, becomes
greater -as the dimensions of the airplane increase. Taking as an
example, the German constructions (see tables) we f£find that where-
as in the airplanes we have a maximum fuel load of 4.17 -kilograms
per HP, with airships this maximum is eight times greater, 33 kil-
ograms per horsepower. .

There is no denying that the eduipping of an airship service
reduires a much greater outlay of capital than the equipping of an
alrplane service; but it is s mistake to deduce therefrom that |
transportation is also more expensive, just as it is a mistake to
argue that railway trangportation costs, unit for unlt, .more than
automobile transportation, because of the very much greater outlay
for the former, '

The great carrying capaclty, coupled with the undenlable fact

that the regular rumning of any service requires a heavy outlay for
plants and organization, clearly shows that the alrship 1s partic-
ularly adapted for transportation on a large scale and for an in-
tense traffic. On the other hand, the characteristics of the alr-
plane: esmall, useful load, limited endurance, comparatively small
outlay for plant, equipment, and organization indicate that it is
only sultable for a service of very limited traffic.

To adopt dirplanes for transportation on a large scale, or

airships for transportation on a small scale is, generally speak-
ing, tantamount to increasing the cost of transportation.

Concluding, even from the economical standpoint, the fields of
action of these two different means of aerial locomotion, appear
to be well defined. A still closer analogy between the two means
leads us to compare the airship with the %raln or steamship, and
the airplane with the automobile or motor-boat. The alrship clear-
ly ghows its suitablility for a public servide, and the airplane
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would appear best suited, generally, for services of a privdte
nature.

We believe therefore that it is very probable that whille in
the future, the major public services will be run essentially with
airships, the airplane will be housed at public airdromes and used
principally for private transportation purposes, not excluding
however the possibility that the grand aerial routes covered by
airships would have branch routes run by airplanes, and thus com-
plete the service, especially the postal service, just as public
automobile services complete the railway network in Italy today.

The Cost of Aerial Trggsportation in Comparison with -
the Cost of Other Traction Systems.

A first attempt to establish, at least in order of imporiance,
the cost per unit of transportation (cost of the passenger-kilome-
ter or of the ton-~-kilometer) was méde by me before the cessation
of hostilities in 1918, (see Journal of Civil Engineering, Rome,
1918, p.483). The study was confined to airships, but I also
pointed out that the cost of transportation by airplane would in
general be very much greater.

Basing naturally my conclusions on a roughly approximated as-
sumption, I endeavored to point out how not only the characterlis—-
tics of the airship itself (carrying capacity, maximum velocity,
normal velocity) but also other characteristics of the service
(length of route, number of flights, number of days navigation)
influenced the duestion of cost. -

I assumed the aggregate number of kilometers flown in one

year to be constant, and implicitly reckoned that the airship was
always to be utilized to its utmost eapacity. With this hypothe-
sis, it was clear that one would arrive at the conclusion that,

in regard to transportation by alrship, the greater the alrship the
smaller the cost per unit, bubt that the cost inoreased when &
greater velocity was attained, and the journsey lengthened. In
view of the hypothesis made,” this is tantamount to saying that the
cost decreases as traffic inoreases. : .

48 a result of the study one gathered, for example, that with
an airship of the capacity of 30,000 cm. capable of developling a
maximum velocity of 108 kilometers per hour, and which was worked
at a normal velooity of about 86 kilometers per hour (Bne-half of
the available power¥ with a supply of gasoline and oill edual to
double.the required amount for a-normal flight, the c<ost of the
passenger-kilometer (= quintal~-kilometer) was L.0.49 over a dis-
Eance of 600 kilometers, and L.0.68 over a distance of 1000 kilome-

SIS,
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Farthermore; one foresaw the possibility of reaching minimum
prices of 25 or 30 centesimi pet passeriget-kilometer with an in-
creased traffic, adopting cubatutes sufficiently large in relation
to the velocity and to the length of the journey.

We must however point out that these forecasts were based on
the assumption that the prices of raw materials had already gone
back to their normal level, which I held to be only a 1little high-
er than pre-war prices. Thus, for example, the coet of an airship
was calculated at 70 lire per kilogram of dead weight (today our
types come up to about 130 or 130 lire). . A workman was assumed
0 earn on an average L. 3,800 a.year (today, double this amount
is barely sufficient). Hydrogen was assumed to cost one lire per
cm. (today it etill costs about L.1.80), and, finally, the cost
of gasoline waes then held to be L. 1 per kilogram, but costs today
five times as much.

It is therefore most probable that if we made up these calcu-
lations in accordance with present market prices, and without tak-
ing into account the general tendency of prices to decrease, .the
coet per unit od trangportation would be just about three times
the amount mentioned above, )

Such being the case, it is easy to assert that today aerial
transportation by airship or by alirplane costs much more than by
any other mechanical means of transportation. '

On the Italian normal gage railways, the running expenses be-
fore the war, excluding those of amortization and interest on.cap-
ital, was on an average L. 0.0525 per passenger-kilometer and
L.0.0456 per ton~kilometer. Multiplying these figures by the coef-
ficient 6 in order to reach present costs,, the price rer passengei-
kilometer comes to about L,0.32 and the ton-kilometer L. 0,238,

By including amortization of, and interest on, capital, we should
not be very far from the truth in stating that today on a normal
E&gg zgi%wa% tge4gost per passenger-kilometer amounts to from

L] - Q L . -

Now if we consider an automobile service, which of all the
various transportation systems approaches more closely that of an
aerial service in that the type of engine and the kind of fuel |
used are the same, and in both services there are no expenses inci-
dental to road-making and upkeep of same, we find that today the
total expenditure for each kilometer (assuming a journey of 50 kil-
ometers with two one-way trips dally) is L. 4.63. In faoct, we get:

Interest, amortization of fixed plants, renewal of

rolling stoek . . « ¢ v ¢ v . ¢ ¢ 4 v 4 « s . . L. O.55
Personnel . & v 4« 4 4 s 4 s 4 e 4 e e e e e s e .. " 0,80
Consumption (in general) . . . + v ¢ « v ¢ + « « « « " 3,30
Insurance . « v ¢ v 4 4 4 s e 4 4 e e h e e e .. 0,07
Various @XPensSes . + + « « « 4+ « ¢ 4 « « 4 e e« . . M D,09
Government control « & + & v 4 ¢ v ¢ 4 e 4 e .. M 0,01

Total, per vehlcle-kilometer . . . +» . ¢« + ¢ « & & L. 4,83
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wieT 18 to say, aoout L: 0; 57 per passenger-kilometer, assuming
that the vehicle carries oh gh &verage elght passengers.

Finally, we must remember that the price of sea transportation
is much the same as the other two means of transportation mention-
ed above.

We can therefore conclude by saying that transportation by
airship costs two or three times as much as the other mechanioal
means of transportation, unless one wishes to sacrifice safety,
and regularity of service by reducing.the fixed plants or the per-
sonnel, the travelling speed or the reserves of gasoline, oil,
and ballast. ' :

Is the Cost of Asrial Transportation Prohibitive?

As already stated, a further reduction in the @ost of trans- .
portation by airship can be made by increasing the capacity of the
airship. One can foresee however in any case that the cost will
be 50% higher than that of railway transportation or maritime
' transportation. The cost by airplane will be at least twice as

high.

But even admitting that a sufficlently safe and regular zerilal
transportation service costs more than the other mechanical means.
of transportation, it would be Quite as unreasonable to conclude
that, from the sconomical standpoint it is not a profitable under-
taking, as it would be to state that the automobile was superflu-
ocua because more costly to run than the horse-drawn vehicle. The
possibility of shortening the time occupied for a journey both by
travelling at a higher spesd and by following a stralght route be-
tween points of destination, even when these centers of contact are
not situated on the same level, or are separated by rough, undulat-
ing ground, the fact of not having to make any outlay for plants,
and maintenance of roads pubts. the air service in a favorable posi-
tion to oompete with the rallway, steamship, or automobile.

Furthermore, the airship is the only mechanical overland
means capable of transporting on a single journey as many passen-
gers as & train, without need of a heavy outlay for the road,
Suffice it t0 say on this point that in Italy today the cost of
laying a railrocad of normal gage, with 36 kilogram ralls 1s not
less than L. 400,000 per kilometer. Adding to this figure the out-
lay for constructing fthe actual road, which 1f made over flat
country, more or less, amounts to half a mlillion lire, we reach an
aggregate expenditure of approximately one million lire: half &
billion lire for a railway five hundred kilometers longi

In face of these figures one ¢an but feel persuaded that in
actual practice it may happen at times that also from the economi-
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cal gtandpoint, the airf service can become the only possible or
suitabls:meane of communicabtion, as for example, where the Ques~
tion concerns the linking-up of localities comparatively far apart
acroes desert zones, or rough, rocky ground, or at points where.
the traffic is not sufficiently intense to justify the enormous
expenditure for constructing an ordinary roadway or railroad.
However, on one thing we must insist, and that is, where air, land,
and sea services exiat contemporaneously there can be no talk of
r9al competition between them. Such essentially different means
of transportation assuredly would satisfy diverse commercial and
industrial reduirements.

Government and Private Enterprise in Public Aerial
Irangportation Service.

In_the present sitate of aeronautics, it would be harmful to
nurse illusions concerning the immediate contribution that private
enterprise will give towards installing and- running public aerial.
transportation lines. ) ]

The huge cepital requlred, the complex, delicate, and costiy
organization, the technical difficulties to bs overcome in order
to assure a certain regularity of service, the heavy risks connect-
ed with the managing of sush a new kind of organization, the high
tarlffs, and, finally, the diffidence and skepticiem of +the public,
(vhich today are jusiifiavle in part, in view of the fact that the
alrplane offers limited securliity and the alrship limited navigabil-
ity) are considerstions which lesd one to forssee that some consid-
erable time must elapse before serious private enterprise will de--
finitively take up tihe Question of runniag public aerial transpor-
tation services.

If the Stato does not sten in and stirulate, support, and co-
ordinate. private enteiprlse, or even dévralop its own alr service,
civil aervnautics must remain confined to the field of sport and
tourist serviceo, which are the only services vold of risk, at
least if run with airehips, and are highly remumerative in coun-
tries visited hy great numbers of foreigners. The most that pri-
vate entezpriss could do, would be to szx%erd ite activity to par-
ticular tasks of limited lmportance, euch &s aerophotographic re-
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7 work, explering of unculiivated reglons, ete.

Everybody 1ecognizas today the grsaw political and military
irportance of aviation, and +the State must, in face of & languish-
ing private enierprise, necessarily incrcazs 1ts own millitary aere-
nautical oxganiration. ¥The latter, bowsver, will occupy itself on-
1y within the sphere of its own peculiar reQuirements, and will
therefore contribuie little or nothing to the solving of the sssen-
tlally diffsrent problemz bound up in the civil use of aerial
Yraneportation.



To favor the development of civil aeronautice, and to stimu-~
late private enterprise fowards attaining a well-organlized trans-
portation service is equivalent to constitutire in the most. eco-
nonical way a solid base for the possible future asrial defense of
thne oountry. '

Such interest of the State in the crsation of commercial avi-
ation should, at the owteet, manifest itself essentially not only
by contributing, with iis own means, to the soiuiion of the mostu
important technical problems relative to the civil empleyment of
the airplane and airship, but also by menaging directly, by way of
expezriment, a public transportation service, confining it to a
passenger line with airships and to a postal line wlth airplanes.

It is, naturally, far from our 1dea to suggest that the Stase,
notoriously a bad manager of industrisl, services, should agsume
the monopoly of aerial services. On the other hand, one cannot
deny that in the present state of things, the State stands.alone
as regards means and capacity to try, with a strong probebility of
success, an experiment of the kind, and the results of ?hiqh, if
successful, would create a basis for, and encourage, private enter-
prise, as well as furnish important data on which to determine the
Quota of contribution which the State could give in the matter of
supporting private industry and enterprise.

The State conitribution to private undertakings would probably

have to embrace not only the Question of actual working expenses,
but also that of +the inltial outlay for installations. On the |
other hand, by supporting the firms given ooncessgions, in the mat-
ter of the heavy expenditure incidental to fixed plants, will per-
hzps be not only necessary for stimulsting private enterprise but
-aGvantageous from a political-military point of view because in

all probapbility, this would lead to the State becoming the abso-
lute owner of air stations and landing fields, and to conceding
them only temporarily to private enterpriss.

In running the service the State should have no hand in the
actual determination of the fares or in esteblishing the status of
the personnel (with the exception, naturally, of compulsoxry insur-
ence agalnst accidents during flight). The annual government sub-
sidy should be given in guch a form and measure as would effectu-
ally encourage the owners to attain not only the maximum of safety
aad regularlty possible, but also at the same time an intense traf-
fic. The subsldy could therefore consist of three distinat por-
tions. The flrst should be proportional to the number of ‘kilome~

-ters run, deduciing heavy penalties for irremular or suspended ser-
vice even if due to bad weather. The second should be proportion-
zte to the number of passengers-kilometers actually transported in
the course of a year. The third should be proportionate to the de-
groe of safety which hasz been attained, or in other words, propor-

%%onal to the number of accidents for every 100,000 kilometers
o,
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COMPARISON BETWEEN COSTS OF TRANSPCRTATION
BY AIRSEIP AFD BY AIRPIAYNE.
We will now proceed to give a concirehe demonstration of the

statements mede asbove, that for a relatively intense traffic,' the
cogt of trangportation by airship is less than that by airplane.

1. " GENERAL CHARACTERISTICS OF THE SERVICE.

We will consider an aerial service covering a route 500 kilo-
meters long with s dally traffic of 75 passengers for the out jour-
ney and the same number for the return journey.

(a) Characteristics of the Service with Airshipe.

An alrship of the capacity of 35,000 cubio meters is more
than sufficient to transport 75 passengers over a route of 500 kil-
omsters without a stop. However, the following conditions indisper-
sable to & safe and regular service must be imposed: .

A large reserve in motive power
A large reserve in fuel

A large reserve-in ballast
Great strength in construction
High travelling velooity

Assuming the maximum velocity to be 1230 kilometsrs per hour,
and that normally, only one-third of the engine power is used, we
obtaln a flying speed of: : ' "

280 _ g83.1 xm per hour. )

The total power installed on board the airship will be equal
t0: : .

¥ =10° - x1.5%x7V 2/3 v = 2775 HP

therefore the power normally used will be 935 HP.
Let us caloulate the average actual flyiﬁg speed, assumin
an average wind of 30 kilometers per hour: ’ _ €

_ 807
83, 1

W= 831 = 78 km per hour

anatt therefore an average duration of the journey of:

§g% = 6.41 hours (6 h 25!).
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Therefore, for every journey we get an average consumption of:,

0.25 kilograms/HP X 925 HP X 6.41 = 1480 kilograms and for
each killometer of the route:

1480 _ 3,98 kilograms
500 _

equal to

2'26 = 0.0325 kilograms for each passenger-kilométs:--

The useful lifting power of the airship, that is to say, lift-
ing power available for passengers (including the weight of the
cebins) and for the supplies of gasoline and oll (including the
weight of the tanks) is: 12,885 kilograms.

If we impose the condition that the supply of gasoline and
gil must be at least double the normal consumption of navigation,
hat is,

1.06 x 1480 x 2 = 3138 kilograms,

and if for each passengér, taking the cabin into account, one es-
timated a weight of 100 kilograms, we should still have available

12,895 - (3138 + 7500) = 3357 kg.,

which we should reserve for the safety vallast in addition to the
2450 kllograms which we have already taken into account in calcu-~
lating the useful 1lifting power. We have, therefore, an aggregate
of 4%00 kilograms of ballast. . .o

Owing to" the short.duration of the journey, the service could
be run by only one airship, But we will estimate for the purchase
ot two alrships, in order not to have excessive limits as regards
time-tables, and beocause it is always better to have an airshlp in
Teserve. '

We will assume that the service is run normally by both aizr-—
ships and only exceptionally by one, in the event of the other be-
ing out of commission.

In order to make a faivly acourate forecast we will assume

. taat with the sheltering and maneuvering systems in use in Italy
at present and taking into account the duration of the flight, we
would have 150 flying days in one year., (The military airship M 1,
employed for exploration work in the Tyrrhenian Sea from April 5,
1918, to March 10, 1919, made 120 flights without utilizing the
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full number of flying days.) Therefore, in one year, 300 trips
would be accomplished, and 300 x 500 = 150,000 kilometers would
be flown, transporting _

150,000 x 75 = 11,850,000 passengers-kilometer.

{b) Characteristics of the Service with Airplanes.

In comparing the airplane with the airship, it is well to sev
forth the chief characteristics of the airplane. We will there-
fore select an airplane capable of travelling about 200 kilometers
an hour, We will assume +hat the service is run with airplanes
?%ving the same characteristics as the "Savoia" seaplane S.13,

as:
Velocity : 214 km per hour
' Power : 450 HP
Useful load :.7235 kg (pilot excluded).

While taking into account the major number of flying days, it
is well to assume for an alrplane that the average wind is slightly
greater than that for the airship; for example, 25 km per hour.

In this case we would have an actual average flyinge speed of:

W= Rl4 - §§i = ~ 211.1 k hou
= 514 = . m per hour,

end consequently an average duration of journey of:

500 _ ,
T 2. 37 hours (2 h 23').

For each trip we have a consumption of gasoline afd oil of:
0.350 kg/HP X 450 HP X 3. 37 = 367 kilograms.

We will limit the reserve of gasoline and oil to only 50% o
normal consumption. The supply will therefore have a weight of
about 400 kg. :

As thers would be 335 kg of useful load still available, one

can assume that the airplane 1s capable of transporting four per-
gons on each journey. . .

The consumption of gasoline and oil for each kilometer will
be on an average:

257 _ 0.534 kg,
500



and for each passenger-kilometer:

9:_2% = 0.1335,

that is to say, 3.4 times more than when transportation is effec' ¢
by airship.

In order %o tzansgggt the daily number of 150 passengers, 17
1s necesgsary to make 29 = 37 trips, and assuming that each air-

J
<!

=
plane normally makes the round *trip, we shall have 18 airplanés ir
service, to which number however we must add, in view of their
short life, a reserve number of seven airplanes, thus making a to-
tal of 35 airplanes which it will be necessary to purchase for
eduipping the service.

) The airplane has a greater number of flying days per year than
the alrship, that is to say, 200. Therefore, in one year 7,500
flights would be made, during which 3,750,000 km could be covered,
transporting 15,000,000 passengers-kilometers.

& CAPITAL FOR PLANT AND EQUIPMENT.

The unsettled state of the market as regards prices makes it
a very difficult matter to estimate, even approximately, the ex-
renses for the plant and equipment of an aerial service.

However, as our object here is merely to draw a comparison be-
tween the two types of transportation, the comparison itself will
not be affected even if we are very far out in our estimation of
the expenditure. Therefore attention is called to the fact that
our figures have only a relative value. .

(a) Service with Airships.

Fixed plantg.
For each of the two terminus stations there must be provided

a field and hangar with all its accessories (workshop, depot for _
fuel, gas gensrator, stores, offices, sleeping accommodation, eto. )-
Each bangar to be capable of housing two airships.

For each station one can determine, at prevailing prices, an
estimated expenditure in round numbers:

Cost of ground . . . « ¢ . + . v . ¢ . o v v . . . L 2,000,000
Hangar, steel . . ¢ « o« v v ¢ 4 v 4 ¢ 4 o o v v v s 4 . b 8,000,000
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Bulldings for workshops, stores, and offices , . . . . . L. 600,0C0

Small house for sleeping aoccommodation . . . . « « . . . & 600,000
Gas generator with relative roofing and water reservoirs n 300,000

Water pipes for generator and for fire-extinguishing . . » 300,000
Storehouse for gasoline and o1 . . . . . . . + . + . « ¥ 50,000
Garage 4 4 e & & &4 & & * & & & ¥ 8 a4 B € 0 a2 s 2 0 LI 4 n 1005000
Platform for maneuvering field . . . . . " 50,000

Equipment of airdrome (electric, telegraphic, telephonia,
.and radio plants, workshop machinery, 2 trucks, 3 au-
tomobilss, signalling apparatus, searchlights, bangar
eQuipment, furniture, etc.) . "1,000,000

Total . « .« .+ . 13,000,000

The aggregate expenditure for the fixed plant is therefore:
. L. 88,000,000

Flying Material.

The cost of the two airships of 35,000 cubic meters capacity
eduipped for transporting 75 passengers, can be roughly estimated . .
at 8ix million lire (L. 40,000 for each seat).

Working Capltal.
We will fix the working capital at L. 1,000,000.

RECAPITULATION OF THE PLANT EXPENSES.
(Service.. with Airships)

Ground . . . . . v . . . . . . . . . - . e . . . . L;,é,OOO;OOO
Fixed plants « « v v + « + 4 o o ¢ & » o « « « « « » " 30,000,000
Equipment of aizdromes .+ « « v + ¢ v ¢ 4 s e o .« " 2,000,000
Flyingmaterial . . ¢ v v ¢ v« ¢« « ¢« « s o « o o+ " 6,000,000
Working capital .« ¢ v v & v ¢ ¢ « ¢« ¢« s & & o « « « " 1,000,000

Total » L] . ] . o L ] * L] L‘ 33 ,Ooo ’OOO

(b) Service with Ailrplanecs.
Fixed Plantg. |

For each airplane station we would have to provide hangars ca-
pable of housing at least 15 airplanes. The cost of these hangars
for each station would be 2,500,000 lire. o
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For sach station we have:

Cost of ground . . ¢ v ¢ ¢ ¢ v ¢ 4 ¢ « 4 0 o . L. 2,000,00C
Hangar, steel . ¢ » ¢ ¢ v ¢ v v v ¢ o ¢ o o o« = v 3,500,000
Buildings, for workshops, storshouses and

Offi088 v v v « ¢ o « 4 ¢t 4 e 4 e O 800,000
Small house, living Quazters . .« « ¢« « « + + " GO0,0QO
Water pipes + &« ¢ v v v i s e e e e e e e e n 150,000
Depot, gasoline and odl . ¢« ¢« 4 ¢« + ¢« ¢ ¢ +» « o O 50,000
G’&Iage . . . ] . L . L} 3 L L . . L] . [ . . . . . ". 100 ’OOO
Equipment L ] e L} L ] L] L ] - . L L] “ . L] L ] * v v L ] a . “ l 5 OOO 3 Ooo

i " Total for each station . . . . « . L. 7,000,000
Total for both stations . . . . . " 14,000,000

Flying material.

Cost of airplans eQuipped for four passengers: L.160,000
(L. 40,000 per seat). :

Cost of 35 airplanes: L. 4,000,000. (Note: During the last -
years of the late war we paid the following prices per killogram :

Airplanes (without engine) from 35 to 70 lire per kg.
Seaplanes (without engines) from 70 to 100 lire per kg.
Airships (engines inoluded) from 130 to.130 lire per kg.
Engines from 80 to 80 lire per kg.
In alrplanes the weight of the engine represents on an average 1/3
of the total dead weight. Roughly we can say, that the average to-
tal prices are:

Airplane = L. B0 per kg. Seaplane = L. 90 per kg ; &irship =
L. 130 per kg,

In the case of ailrplanes and seaplanes, one can assume, for_
computation purposes, that the useful weight (pilot, gasoline, oil,
and passengers) is, in military airecraft, asbout one-half of the
welght, empty)

Working Capital.
We will allow, as for airships, one million lire.

RECAPITULATION OF THE PLANT EXPENSES.
(Service with Airplanes)

GJ’.‘O’U.nd. ] . [ ] ] L] . . . L3 . . . ] . L] . . . . . . . L' 4 2 OOO 2 OOO
Fixed plants .« & & & 4 4 v 4 v b e e e e e e e . W 8,000,000
Fandpment of airdromes . + « . v o v 4 4. 4w . .. " 8,000,000
Flyj-ng ma«tel‘ia’l 2 4 e & e 5 4 & 8 e e ¢ e v e & ¢ " 4:0003 OOO
Oapital, WOoTKING .+ 4 ¢ ¢« v 4 o v o o o o o 2 v & ¢2ss 1 1,000,000

. Tot&l . L] . - - . . * L- 193000 ,OOO
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Remarks.

The relation between the plant expenses of the two services
with airplanes and airships, is equal to about 0.6.

Generally spealking, the cost of the plant is a function of the
type of airplane employed, of the flying speed, of the length of
the journey, and of the number of passengers transported, and nat-
urally inoreaseswith the increase of the last three elements. It
is however interesting to note that when the type and the dimen-
sions of the airplane have been fixed, as well as the speed, and
the actual length of the route is considered as variable, varying
in inverse proportion to the number of passengers transported, the
total cost of the plant can (within determined values of length of
course and still maintaining the conditions imposed for the re-
serve supply of fuel) bs held to be independent of the length of
the course.

It does not follow therefore that the expense for interest and
amortization relative to the passenger-kilometer, must necessarily
increase as the distance increases %with a conseduent decreass in
the number of passengers) because in many cases the very opposite
may happen.

To understand this one must remember that the number of pas-
sengers-kilomsters transportable with a certain airplane at a glv-
en speed is proportional to the product of two Quantities whose
sum is a constant (useful load of the airplane). Conseduently, one
has & maximum when the useful load is divided into equal parts be-
tween the weight relative to the passengers and the weight of ths,
supplies of gasoline and oil.

In the case of airships, for example, if the length of the
route is extended from 500 to 1000 kilometers, the amount of capi-~
tal required for the plant is practically the same, whereas the
number of passengers is reduced from 75 to _§QQ:§i§§ = 38.68, and

conseduently, the passengers~kilometers increésé_from 37,500 to-
38,600, that is to say, the per unit outlay for interest and amor-
tizatlon decreases. ~

The above remark holds, as already stated, as long as a route
of a certalin length is not exceeded, beyond which the number of the
annual journeys made necessarily decreases, and along with 1%, the
total of annual passengers-kilometers.

Finally, it must be noted that the cost of plant undoubtedly
inoregses in proportion to the potentiality of the plant itself,
that 1s to say, with the number of passengers-kilometer <+transpori-
able in one year. It is therefore opportune to charge the outlay
up %o the passenger-kilometer. In our case we have:
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L. 8.93 per passenger-kilometer: service with airships;
*  1.238 per passenger-kilpmeter: Bervice with airplanes.

ANNUAL WORKING EXPENSES. .
3. Interest on, and Amortization of Capital Expended for Plarte

' We will caloulate the interest at 7%, the amortization of the
fixed plants at 3%, and the amortization of the cost of equipment
at 10%. We get:

Service with

Costd Airships Airplanes

Interest on capital for plant, at 7%. L) 8,310,000 | 1,330,000

Annual amount of amortization of fixed N

plants, at 3% . v + 2 o « 0 o 0 o« . " 800,000 240,000

Amount relative to equipment expenses 200,000 300,000

Total . . . . . . . LJ 3,110,000 | 1,770,000

Expenditure per passenger-kilometer . . " 0.376 0.118
4. RENEWAL OF FLYING MATERIAL.

The actual life of the flying material depends essentially on
the number of hours of flight. However, one must remember that
some parts of the structure {and, in the case of airships, partic-
ularly the outside envelope) wear out, even though it is slowly,
even when the airplane is idle. Thie is inevitable even when the
greatest care is taken in maintenance. However, in the instance
we are examining at present, the renewal of material on account of
wear and tear is so freduently made that we can exclude all calcu-
lations referring to actual depreciation of the material while in
the hangar.

Sufficient data are lacking in order to be able to determine
the actual life of the various parts of aircraft, particularly for
airplanes. The data which we set forth later on have therefore on-
ly a relative value.

Adrships.

From the experience gabthered with ocur airships, we can deduce
that an envelope will remain in good condition for sbout two years
and a half, spproximately one thousand flights being made during
that period. As regards the durability of the other parts of the
structure, one can forecast at least double this period of time.
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Due to the fact that the englines. on airships are worked almost al-
ways at a reduced load, it im reasondblb to suggest that they have
a life of 500 hours' flight. Therefore, as we utilize hormally
1/3 of the engines, they would all have to be renewed after 1500
hours' flight,

Supposing that on the total cost, the bag represents 43%, th=
engines 10%, and the remaining parts 47%, the annual expendlture
for renewals for each hour's flight will be:

Q.43 . 0.47 QA—J:-Q-) X cost of the airship = L, 2196, (This
1000 2000 15800

awounts to saying that the average durability of tpe whole airship
is sbout 1370 hours), and with 1833 hours' flight in one year, the
aggregate outlay will be approximately:

L. 4,333,000.

The outlay for each kilometer covered (actual average veloc-
ity = 78 km per hour):
..3.%.2.‘"2 = L. 28.15

and for each passenger-kilometer:

28,15 _ 1, 0,375
75

Airplanes.

Assuﬁing‘that the life of an.airplaﬁe, engines included, is
300 hoursg' flight, the outlay for each hour's flight would be:

160,000

= B533.33
300

and for each kilometer flown (actual average velocity = 311i.1 km
per hour):

533. 3
_a"i'j'::'i = Lc 2!53

and for each passenger-kilometer:

2-53 _ 1. 0.633.

4

In one year 17,775 hours! flight are made. The total expendi-
ture will therefore be: L. 9,480,000 spproximately.
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COMPARISON OF EXPENSES FOR RENEWAL OF FLYING MATERIAL.

Service with

Annual expenses for renewvals:

airships | airplanes
Charged to each hour's flight . . . 1,.| 2196 ' 553.3
Charged to each kilometer flowm . . . . . © 28.15 3.53
Charged to each passenger-kilometer . . . . ¥ 0. 375 0.833
| Total . . .. ... . L.|4325.000| 9,480.00C

S. EXPENSES FOR PERSONNEL.

Services with Airships.

(a) Airdrome Personnel.
For each airdrome one must provide the following personnel:

Office, BR v v & ¢ v v v v e e v e v e e e 3 persons.

" Administration . . « « . .+ . . . . . . "

i Traffic ¢ v v ¢ ¢ 4 ¢« ¢ « ¢ o o o v s
Chief Technician » v « « + « ¢ « o v «
Chief Workmen . . . .
Mechanics and Tailozs .«
Riggers « ¢ « ¢ ¢ ¢« o « &
Service,gas N . .

gasoline and L 0

" SEOTEROUSES .+ ¢ v 4 ¢ 4 ¢ & o« « o o o »

" aerological . . . D T

" radio, telegxaphic and telephonic . . .

: " slectric

garage .
Laborers . . . .
Watchmen . . . .

Total number of personnel
for each airzdrome « + « « ¢ o « =
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that is %o say, 130 for both airdromes. Calculating an average out-

lay for each person of L. 10,000, we get a total expenditure for
the personmnel, of L. 1,2300,000.

(p) Auxiliary Maneuvering Pergonngl.

Part of the above personnel will assigt in the actual hand~
ling of the airship. -In addition, a mgneuvering personnel of about
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150 men are required. This body of men would not however be per-

-renently attached to the organization, but would dpe drawn fron
some neighboring agricultural or industrial concern. They would
perform duty on the field only for deparfures and arrivals of the
airships, and would be compensated on an average of L. 5 per head
for each maneuver. Conseduently the outlay for this particular
personnel would amount to L. 1500 for each flight, that is to say:

53%29%65 = L. 0,040 per passenger-kilometer,
& total of = L. 450,000 a yeanr.
(¢} Navigating Personnel.

Each crew would oonsist of the following:

1l Commander

1l Second Commander
3 Bteersmen

1 Chief Motorist

3 Motorists

1l Radio Operator

1l Laborer

1 Rigger

1 Mechanic

Total : 12 persons
One would have two domplete crews, apart from the reserve
versonnel which would ve included in the airdrome personnel.

For each meuber of the crew, one would pay on an average:

An annual salary of . . . ¢ ¢ 4 ¢« « s ¢ « o L. 10,000

Flying pay, for each flight « . . . . . « . " 50
Life Insurance Policy of L. 500,00
corresponding to an annual premium of o 3,000

- As each airship would make 150 flights & year, the outlay for
each flight would be:

£

13 (25889 + 50 )= 1. 1860,

edual to:

;ggg = L. 3.18 for each kilomster covered,
and

3. 13

5= L. 0.043 for each passenger-kilometef.'



- 30 -

The total annual expeneges would be : L. 468 ,000.

Service with Airplanes.

Airdrome Personnel.

From the airship persomnel list given above we will ‘deduct the
woTkmen of the gas service and the tailors, and reduce the numbezr
of riggers, substituting two or three fabric workers. On the otheyr
hand it is well to increase the number of motorists as well as the
number of permanent lsborers, in view of the inoreased number of
engines employed for the service, there bheing no auxiliary laborers
for the maneuvering operations. On the whole, one would have to
provide for sach airdrome a persomnel of about 75 individuals.

Total anfual expense: 75 x & x 10000 = L. 1,500,000.

-

Navigating Personnel.

For each airplane in active service there is only the pilot.
The motorists are considered to belong to the airdrome personnel.

It is assumed that the pilot Teceives a fixed salary, plus a

flying pay, and a Life Insurance Policy, but in order to simplify
the computation of the expense, we suggest that it amounts to

L. 100 for each flight, that is to say:

L. %%% = L. 0.20 for sach kllometer covered

edual to:

QLEE = L. 0.05 for sach passenger-kilometer.

The total annual ezpenditure will be?
L. 750,000
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EXPENSES FOR PERSONNEL:

EXxXpenses.

Service with

airships| airplaned
( Annual total L: 1,800,000{ 1,500,000
Airdrome personnel 2 : .
Per passenger km. " Q. 106 0. 103
(For each fiight v °® 1,500 -~
Auxiliary maneuver-  (Per passenger " " 0.040 -
ing personnel (Annual total " " 450,000 -
(For each fiight * " 1,560 100
Navigating personnel gPer km, flown " 7 3.12 0. 80
‘ Per passenger ol f 0. 042 0.050
(Annual total u " 488,000 750,000
Annual total expense * 13,118,000| 2,350,000
Expense per passenger km. " 0. 1888 0. 150

MAINTENANCE EXPENSES

We calculate the expenditures for maintenance as follows:

Fixed plants at 3%
Eduipment g
Flying material " 1
Maintenance Expenges.
Service with
airships airplanes
For fixed plants L. 600,000 240,000
For eQuipment v 100,000 100,000
For flying material " 600,000 400,000
Total L {1,300,000 740,000
Per passenger-kilometer v 0.116

0.049
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(O CONSUMPTION OF FUEL.

As regards the consumption of gasoline and oil we have found
the following values:

Consumption .- .888vice with

For each hour!s flight _ kg. 231 112.5

For each killometer covered " 2.96 ~ 0.53%
For each passenger—-kilometer " 0.0395 Q.1335 -
For the entire journsy . Ml 1. 480 367 _

v .| 444,000 |2,003,000

, ailrships | alrplanes
Expenses per passenger-km. L. 0. 187 0.867

Total anmual expenditure L. 12,820,000 .|10,010,000

The relative expenditure was computed on the basis of an av-
erage price ¢f 5 lire per kilogram. .

Consumption of Gag for Alrships.

Approximately, an eqQual number of cubic meters of hydrogen as
kilograms of gasoline and oil, is consumed for each kilometer. flown.
The total annual consumption will be therefore about 444,000 cubio
meters, that is to say, 23232,000 for each airship; and 610 ocubic
meters for each airship each day. ‘ ' -

Now, an average supply of 810 cubic meters per day is suffi-
cient to maintain the airship with a good lifting power, prowided
the bag is well constructed. It is not necessary to provide for
any other consumption of gas for thé washing pProcess. ’ :

Cost of Hydrogen.

Last year the cost of hydrogen compressed in cylinhders, deliv-
ered at the Terni railway station was L.- 0.30 per oubic meter.
In this figure the expense of maintenance of the oylinders is in-
cluded. It is necessary to add the expense for interest and amor-
tization of the cylinders themselves, which are assumed to be the
property of the alr service company. Computing the total expendi-
ture at L. 1,135,000 (4500 oylinders at L. 350 each) one can gage

thez relative annual expense to.be approximately 170,000 lire, that

1ls, L.0.40 per cubic meter.

airships | airplanes

!
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For &h &véragd distarte of 180 kilometers, which we will as—
sume separates the gas-producing dénter from the airdrome, the
transportation expenses to and froi the gdb factory will come o
about six lire per cylinder (weight of the cylinder is sbout one
Quintal), that is, L. 0,80 per cubic meter.

Taking finally into account the transportation expenses of fthe
cylinders from the railway station to the airdrome, and bvack again -
from the station to the gas works, one can calculate that the ag- .
gregaEe ixgenditure today per cubic meter of gas would not be mozrs
than L. 1,60,

Therefore we have: _
For every hour's flight L. 370 .

For every kilometer covered " 4,75
For each passenger-kilometer " 0.063
For each journey " 2375 .

Total per annum L 713,000

COMPARISON BETWEEN THE TWO SERVICES AS REGARDS
AGGREGATE CONSUMPTION FOR NAVIGATION.

Service with

ExXxXpensges

airplanes airships
For every hour's flight L.| 1535 563, 5
For every kilometer covered n 18,55 . 8.67
For each passenger-kilometer " 0.281 Q. 667
' Annual total L |2,832,000 10,010,000
8. GENERAL EXPENSES. AND INSURANCE FOR PASSENGERS.

The general expenses inoclude principally:

Consumption of electric power.

Consumption for automobile transportation.

Stationery.

Various taxes.

Compulsory insurance of working personnel of airdromes.
Insurance against fire for fixed plants.

We will estimate the amount to be 10% of all the preceding
working expenses.
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It is well to take into account also the expenses for the in-

gurance of passengers, which we assume to be proportional to the
price of the trip. We shall estimate it at 5% of the total amount
of all the working expenses, excludizng the preceding general ex-
pEASES.

RECAPITULATION OF THE WORKING EXPENSES PER PASSENGER-KM.

Relatic,:
. . between
. ) Service with the ex.-
XxXpensses . penses o
ni
airships airplanes the two
service:
Efixed plants L 0.2383 0, 099) 2. 3u.
Interest & amortiz- 0, 376 )0ills
ation ' (flying mater-n{0.038) 1 0.019)
ial
Renewal of flying material " 0. 375 + 0.633 0.59
(of.airdrome " 0. 108) 0.100)0.1500  1.25
Personnel (navigating "1 0.042)0. 188 | 0.050)
(auxiliary for waneu- "|0,040
vering
Hainte~ (fixed plants & equip- "|0.063) -} 0.023)
nance ( ment IOl ,
(flying material "10,054)0,118§ 0.037)0.048| 2.37
Consumption for navigation n 0.361 0.667| 0.39
) " 1.216 1.61%7 0.75
General expenses & insurance
of passengers LJ 0. 182 0.243
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Relation
Service with between
lairshipsg | airplanes |+the ex-

] penses of
the two
services.

Total L. 1.398 0. 860 0.75
érelative to fixed L.] 0.467 0. 354 1.84
of which plants.
(relative to flying ni 0,931 1,808 0.58
material.
Total expenditure for every “l 105 7.4 14.3

kilometer covered.

Relation between the Single Items of Expenditure
and the Total Expense.

Expenses Bervice Fith
P airships dirplanes

1 Interest and amortization Ll 0.230 0. 06
2 Renewal of flying material ni 0,37 0. 34
3 Personnel expenses Tont 0,13 0.08
4 Maintenance expenses v 0.08 0.03
5 Consumption for navigation il Q.18 0. 36
6 General expenses . _ "t 0.13 ‘0.13

' L4 1.00 1. 00

CONCLUSIONS.

1. From the above two tables, one gathers that the eXpenses
for interest, amortization and maintenance, as well as those for
the airdrome personnel, represent, in the cage of alrships, 33. 4%
of the total working expenses, and for airplanes 13. 6%.

Now, it is c¢clear that for obvious consideraxions, the above
mentioned expenses (referred to the passenger-kilometer) rapidly
decrease as traffic becomes more intense. This increase 1is met,
when possible, either by increasing the number of journeys of the
aircraft or by increasing their number, or by increasing their di-
mensions.
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It follows therefore that with the increase of traffic the
economical advantage whioh the airship has over the airplane, be-
comes 8%ill more accentuated. By increasing the number of jour-
neys of alrcraft, or by increasing their number, leaving their di-
mersions unchanged, the relation between the total working expenses
per passenger-kilometer has a tendency to be confused with the r=-
lation between the aggregate amounts of the expenses, whic¢h can ve
consldered to be approximately proportional to the number of jour-
neys made, that is, the expenses relative to consumption for navi-

gatio%, to renewal of rolling material and to the navigation per-
3unnel. .

In our particular cass, the total amount of the exXpenses men-

tioned above, increased by 15% for general expenses and insurance
of passengers, is 0.931 for the airship, and L. 1.618 for the air-
plane. The relation is 0. 58.

The increasing of the dimensions of aircraft would, generally,
bring about a reduction in the working expenses, provided of course,
the additional space is used to advantage. This is due to the fact
that the sxpenses of the navigating personnel of consumption and
of renewal per passenger-kilometer, decrease, although not indefin-
itivelz. l(g‘or airships the limit is that cubuture which we call
economical. .

Considering this and also the fact that there is no doudt of
the possibility of being able to greatly increase the dimensions
of ailrships while the same possibility is problematical in the
case of alrplanes, one concludes that in the relation between the
transportation costs of the passengsr-kilometer, the economic ad-
vantage which the airship has over the airplane would probably ex-
ceed even the limit mentioned above.

Naturally, as traffic decreases, we get exactly an opposite
result. The expenses relative to fixed plants and to the airdrome
personnel, make their weight felt in the determining of the cost
per unit of transportation, and the advantage of the airship over
the airplane suffers first, then disappears and finally becomes a
negative Quantity.

3. ‘We have already stated that the expenses for the hangar do
not weigh very much on the cost of transportation by airships, pro-
vided of eourse that the traffic is sufficiently intense. Thus, in
our example, the expense for their erection is eight million lire,
and the relative annual expense is 13% of this amount, that is,

L. 1,040,000 which is edual to L. 0,093 per passenger-kilometer, or
barely 6.6% of the total expense, .

This also justifies our remark that it is of no advantage to

be sparing in the matter of this expense, and that it is profitable
in the long run to sustain even a greater expenditure eduipping,
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for example, the hangar with side wind-screens or with a mechanical

device for the entrance and exit of the airship, when by such means
it 1s possible to increase the yearly number of flying days.

Thus, for example, by assuming that such auxiliary appliances
entall an extra expenditure of two million lire, and consequently
a greater working expenditure of L. 260,000 per annum {(making it
vossible, however, to have BOO flying days instead of 150) the ag-
gregate amount of expenditure relative to the fixed plants (inter-
est, amortization, maintenance) and to the airdrome personnel, in-
creases from L. 5,090,000 to L. 5,376,000, but with reference %o
the passenger-kilometer, the expense decreases from L. O.449 to
L, 0.358, not to mention the indirect advantages accruing from a
greater regularity of service. ' )

Data Relative to Airplenes and Alrships Constructed in
] | Germany During the War.

The following tables give data relative to the characteristilo
types of airplanes and airships constructed by the Germans during .-

tpe war. The useful loads include: the crew, armament, gasoline,
oll, and, in the case of airships, ballast.

The values which I have computed in the last column (product
of the unit useful load by velocity) represent proporiionally the
potentiality of traneportetion, and also the weximum distance at—
taineble without a stop. '

Taking as a basis the velocity values of the various types of
airplanes, I have ezlculated the average values of the useful loads
&t the various speede, end on sudh vasls have drawn the relative.
curve shown after the tcbles.



Useful load &

nge i Uséfil load Ugeful load veloci ty
airship | Volume Useful load - Velocity
. | Total as- Max. power km. Max. power
ou,nm. kg. | cenpional per hour
force. :
L. 3 |22,500 4,700 0. 33 13.8 7 1,035
L. 10 | 71,500 15,600 0.1?3 123 9 1,708
L. 20 35,800 17,800 0,43 18.5 92 1,702
L. :20 55,@00 28,500 0.16L5 19,8 1% 1,2%
L. 60 Q 00 0.62
L, T1 Eg’ngg g?’nnn 0. 4R 22 122 Efggé
e -~ My b bk Bbaibed e s :
8L 3 32 100 13,200 0.35 i6.7 &1 1,272
S 35,000 15,800 0,39 18,8 93 1,74
SL 8 | 38,700 13, 500 0.4 20.2 9% 1,888
S L 20 | 56,000 35,300 0.55 29. 102 2,999
PTL 19 | 10,000 3,300 0.29 3.2 78 718
P L 2? 14,200 0 0. 37 1 % 79 1,130
PL 37 | 3,150 14,000 0.50 18, 90 1,683

- gL -




CHARACTERISTIC TYPES OF GERMAN PURSUIT AIRPLANES.

Congtructing FWaight Useful Load| Max.|Useful load{Velocity{Useful load &
' Type Useful load{— velocl ty
firm empty Total load |power|Max. power km,
Max. power
kg. kg, HP |.:kg/HP per hour
Albatross D II 673 225 0. 251 160 1.40 | 175 . 2hs
- DV 680 23k 0.257 160 1.47 16 ol
Fokkex D VI 393 190 0.32 110 1.,7% 200 36
" D VII | 638 218 0.241 185 1.18 200 236
L D VIII| ko5 200 0.331 140 1.43 200 286
Luf tfarssug-r
Ges. D VI af 640 180 0.220 160 1.12 190 21
" DVI b| &40 180 0.220 185 0.97 200 19
Fumpler DI 615 190 0.236 185 1,03 200 206
Siemeng- :
Schuckert D III | 52 230 0.305 160 1.4 180 253
" DIV 525 230 0.299 160 1.4 190 274
| " D VI 540 230 0.299 160 1. 44 220 317
Fokkex pr. I | 375 196 0.%&; 110 1,78 200 256
" EI 335 178 0.716 80 2,22 130 289
" E v | 068 T 0.356 160 T.61 160 2R&

-

- &




CHARACTERISTIC TYPES Of CERMAN RECONNAISSANCE AIRPLANES,

Constructing eight Uaeful load Useful load Ugeful load
Type r Useful load Max. Velocity| & velocity
firm | empty -
Total load |[power|HMax. power ‘|Max, power
kg. kg. HP kg/HP I/ hour
Ago cI 800 20 0.393 160 3,25 145 573
" C IV 900 30 0.32% 220 1.9% 180-190 761
Albatros C XV 890 430 0,326 200 2.15 165 355
AE. G, c Iv 800 320 0.285 160 2,00 128 216
Aviatic C IIT | 940 60 0,269 160 2,25 160 360
Deuteche Flugzeug | C V 970 60 0,3%p2 220 2.09 155 é24
Halberstadt CL II | 701 370 0.345 160 2.31 175 ol
N CL IV | 658 68 0.359 160 2.30 168 6
" ) 900 60 0.3%38 200 2'20 180 Iy
n C VIII| 903 435 0,325 260 1.67 190 317
Hannover CL V 720 0 0.%33 185 1.25 185 261
Junkers-Fokker CL.I (35 20 0.%63 160 2.62 190 98
Luftfahrzeny Ges, {C II 764 520 o0.5%05 160 3.25 165 536
Luf tverkers Ges. |C VI 930 B0 0.33 200 2,30 170 391
Rumpler cIv 1,050 0 0.356 260 2.23 175 390
’ ¢ VII |1,050 35 0.293 260 1.67 175 292
Sablatnig ¢ II |1,080 510 0.321 260 1.96 150 294
Zeppelinwerlke CL.I 718 340 .31 160 2,12 168 306
Albatros 51 |1,3299] o 0.337 | 200 | 2.05 1lko 387
" J 11 1,217 o 0.21 200 2,05 140 2&7
ARG, J I 1,455 285 0,16 200 1,42 150 213
" JII 1,480 285 0.161 200 142 150 213
Junkerg-Fokier a1 1,76€ 410 0.188 200 2.0% 155 318
Gotha G 1 1,860 970 0. 343 300 3.2% 130 k20
" Gt Vii | 2,420 720 0.229 520G 1,38 180 2ig




CHARACTERYISTIC TYPES OF GERMAN BOMBARDMENT ATRPLARES.

Constructing Weight Useful load Max. |Useful load | Useful load
- Type Useful load ipowe Veloclity & veloeity
firm . empty
Total load Max. power Max. power
kg, kg. HP kg/HP km/hr
AE.G, N I 880 20 0. 371 150 46 14 4
Sablatnig B1I 1,100 . 700 o.%ég go %:50 12% u%?
Albatros G IIT 2,06l 1,086 0.245 00 2.71 150 406
A.E.G. G IV 2,400] 1,235 0. 340 520 2, 3] 165 301
oo GV 2,700}1X¥800=2100 0.019 520 2.15 14 Gt
Friedrichghafen|{ G IV a | 2,800 2,100 o.uﬁa hoo |- §,0 142 572
Gotha GV 2,570 1,325 0. 340 520 2.53 1ho 56
Rumpler |a1 1,908 , 040 0, 320 300 3.13 1 70 !
e o | GIII | 2,385 1,235 0.341 520 2.31 165 391 ¥
Siemens-Sohuck | L I 4,400 2,000 Q.312 7120 2.78 125 7 i
Deutsche Flugz. | R I¥ | 8.600 S860 0.325 1,000 3.71 132 90 '
Linke-Hofmann | R 1II 8,000 .000 0.333 [ g.su 130 4gg
Siemens~Schuck { R 4,000 1,000 0.200 660 .22 120 182
" " R I I 200 1,200 @.122 50 2.67 130 M7
" T R VII 6,200 1,850 0.230 780 2.3f 130 308
w " | R VIIT {10,500} 5500-7000 | Oz4k-O400 1,800 | 3.,05-3.89 125 381-486
Zeppelinwerke .
Staaken | R II 6,500 3,000 0.316 720 4,17 120-135 532
L R ITI 8,600 3,000 0.258 1,029; 2.68 n 3le
Lycal
" R IV 9,600 3,200 0.250 {1,020- 2.85 n 263
1,220
" RV 9,600 3,400 0.261 [1,225 2.78 L 3
" R VI &,200 3,200 0.280 p,040 3,08 " 39;
" R VI 8,200 3,200 0.280 980 3.27 n k.
" R VI 9,000 2,600 0,164 [L,040 2.50 L 9
" R VI 9, 300 3,575 0.278 1,040 3. " 39
" R VII | §,o0| 3,300 0,25k 1,020 2.94 " 5
)
" R 43-45 10,200 . 200 0.292 1-52:: 3.4 " W7
; B XIV | 10,600 4’800 0.586 (255 343 " b5y




Userful lioad per H.P. in Kg.

Average Variation of the Useful Loads
per H,P, in BRslation to the Velocity of the Airplane,

(Cernan Aircraft).
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