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l. As an indispensable 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
cubic 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 applying the principles of me-
chanical similitude, to establish exact laws of variation for the
weights 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 increase 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 adogt materials having characteristics differ-
ent from those used in the model, or insurmountable and unfore-
seen difficulties in workmenship and assembling may constraln us
to abandon 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
similar airships which may give a sufficiently clear idea of the
greater or lesser advantages to be obtained by a given cubic
capacity. But 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-=»
crzases until, in the cubic capacity Y (1imit cubic capacity)

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

** Por the sake of simplicity and ¢learness we shall use no unus-
ual or out of the way terms, but only such as are in current
use, as cubic capacity, empennage, ballonet, etc.




the weight absorbs the whole of the lifting force, we must con-
sider the values of X and Y as being aceeptable only as indi-
cations of THETR ORDER OF MAGNITUDE, since it may well happen
that, for instance, for one of the reasons above indicated, the
limit Y may be reached more rapidly, or even exceeded.

2. In applying, whenever possible, the laws of simililude
to airship 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. as proportional to the cubic capaciiy
V. Consequently, the stresses in the various parts are propor7
tional to V, and therefore the weight is proportional to V* 2.

b) That the yggn dynamical efforts due to air pressure,
are proportional to V®'® and consequently the weight of the
various struetures varies proportiomally to V.

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

By the maximum velocity of the airship we mean that veloeity
which it cen safely develop at a low altitude, say, at 3CO m.
abowe sea level. This veloeity, expressed in km/h., we indicate,
by Wwe

In speaking of the weight of the airship we will comnsider
the following parts:

The external envelope and accessory organs;
The stiffening part of the bow of the envelope;
The stabilizing and control planes (keel and rudders);
The frame structure and accessories;
The maneuvering devices (landing, mooring, etc.); .
Electric light plant, wireless plant, fans, ete.;
The pilot's cabin;
The passenger cabin;
Reservoirs for benzine, o0il, and water.
@
Besides this, in orxder 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-
sider the following weights:




The crew,

Engine spare parts and various necessary tools;

The reserve ballast and the ballast corresponding to the
¥ first 300 meters. :

The reserve stock of benzine and oil.

4, — THE ENVELOPE - The envelope comprises:

The external envelope of the gas bag; %

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

The ballonet on the beam;

The transversal diaphragms; i

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

The gas and air valves with their corresponding eontrols.

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 weight of the rubber and var-
nish applied to it. The function of the rubber is essentially
to render the bag gas-proof and, consequently, in theory, by
fixing the tolerance limit of the daily penetration 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/ﬁotal weight of the rubber may be takem as propor-
tional to V=2/3, The same proportion holds for the weight: of

the varnish.

EXTERNAL ENVELOPE. - The weight of the external part of the gas
bag minus the weight of the rubber gbtained as specified above,
may be taken as proportional to y* ¥, In fact, while from one
side the surface increases as V2’2, on the other hand, the
tension (and consequently, for the seme specific resistance, the
thickness alsc) increases in proportion to the pressur% and t7
the radius of curvature, that is, in proportion to V32 x V3

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

the rubber an? therefore its total weight may be taken as propor-
tlotial %o V=&,

TRANSVERSAL DIAPHRAGMS. ~ These must be capable of withstanding
a given difference of pressure between two adjacent gas eompart-
ments. It is, however, rational to consider such difference as
being preoportional to the/mean pressure of the gas and, there-
fore, proportional to V'/2. Consequently, we may assume thax/
the total weight of the diaphragms varies in proportion to V*°




Implicitly we have also assumed that the number of diaphragms
is always the same.

CONNECTING LINKS. - The tensions in the links connecting the ex-
ternal gas envelope and the longitudinal beam (catenaries) are
proportional to V./ The weight of such elements is therefore
proportional o V* 3,

Regarding the elements or links connecting the enwvelope witk
the keels and rudders, it should be remarked that, as we shall
see lajer on, the total forces acting on them are proportional
to V°/3. 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 tol/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 same

In this cPse, increasing the pressure of the gas in the pro-
portion of V/3 the holding power of each valve increases in
the ratio of V€. It follows that the number of walves, and
consequently, their total weight, varies in proportion to
—is = V' °,

v

In order to avoid introducing this new exponent, considering
also the relative smallness of this weight, we will assume that
the weight of the gas valves is proportional to V2’3, On the
other hand, this difference in the law of variation may be real-
ized. by suitably increasi ng the dimensions of the lifting 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
Weight of the eables controlling the valves is numerically pro7
portional to V®’3, while their length is proportional to V31/3,
We may therefore take their total weight as proportional to V.

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

AIR VALVES. ~ In this case, considering the less far orable eondi-
tions of functioning, we must assume the pressure to be constant.
Ve may therefore assume the number of valves, and consequently
their total weight to be proportional to V.




Consequently, thysweighy of the control cables increases in
Propoption to V x ¥V'/'® &« ¥¥ 3,

TOTAL WEIGHT OF ENVELOPE. - We have now analyzed the weights of
the various partsof ftne en velope of our model airship, and
thershy obtain %bhe following expressicn for computing the total
weight ¢f the enwelope:

3.410 va/s +0.008 V +-o.00374.v4/3.
5. — STIFFENING OF THE BOW. :

The unit pressure exerted by the air on the surface of the
stiffened. part of the bow is proportional to the sgiare of the
veloclty./ Since, however, ths linear dimensions are rroportion-
al to V'3, +the benéing goments, and consequently also the re-
sulting stresses, are proportional to VY 3v®. On the other
hand, the total surface varies in proporiion to V°'3. I{ there-
fore follows that the totzl weight is proportional to V v°.

In oxder to be exaet, we should alsoc 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 covering) is given by:

ao” o Bi3 T v®

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

6. — STABILIZING AND CONTROL PLANES.

It is extremely diffiicult 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 examinatiom of the
various points econnected with these functions, an exmamination
which we cannot enter into here.

We will therefore make only a rough approximatiom by the aid
of simplifiying hypotheses. For instance, we shall not distin-
guish between the fixed and mobile plamnes, assuming that, accord-
ing to the requirements of steering, a greater or smaller part of
the total surface area may be rendered mobile without greatly
affecting the mean unit weight.

VERTICAL PLANES. - Considering only the stabilizing function, it
is evident that the total area of these planes must be propor-
tional to the surface area of the enwelope, if the righting moment




due to the action of the air on the former is to be proportional
to the upsetting moment caused Wy the action of the air on the
latter.

On the other hand, the unit pressure may be assumed to be
con stant, and it then follows that the total weight of these
planes varies in proportiom to V.

If we now consider 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 cause diminigh,
and therefore if we wish to keep the stability comstant we may re~
duce as required the area of the planes. So that, for the sake
of simplicity and as a rough approximation we may say that the
total weight of these planes is independent of v.

HORIZONT AL 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 tota.lvg;ga of the planes
in gquestion may increase less rapidly than V , and therefore
the total weight may vaxy 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
wish, for instance, to maintaim the maximum climbing speed un-
changed (that is equal to horizontal velocity, the maximum tan-
gent of the angle of climb), it is necessary to increase the an-
gle of attack, thus bringing about 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 fixed part. This 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 CONTROLS. - The forces actingaon the rudder control cables
may be taken as proportional to V2 and likewlise their sec-
tions. Their weight is therefore proportional to V,



In our case, comprising also the .contrcl devices in the pi-
lot's cabin, we have, for the total weight , 0.004 V. :

7. LONGITUDINAL BEAM.

The complexity of the fowces acting on the framework (longi-
tudinal beam§ makes it extremely difficult to establish a formula
giving the variation in weight with sufficient approximation.

We will again refer to the exceptions made at the beginning of
this paper and here alsp, for the considerable 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-
tain, namely, the keels, rudders, power plant, fuel, and useful
load.

The total weight of all these loads is represented by the
difference between the total 1lifting force f V and the sum of
the weights of the enwelope, the larger part of the keels, and
part of the stiffened framework. This weight can, therefore,
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 diffii-
cult to vary the volume without altering the distribution of load
in the model. Since it is evidently impossible to provide be-
feorehand for such variations and even more impossible to acecount
for them, we must inevitably accept the simplifying hypothesis
that the distribution of load remains the same.

Admitting this hypothesis, we are justified in saying that
the forces due to static loads are proportional to V and con-
sequently, that tye weight of the longitudinal beam increases in
proportion to V=7,

b) By the dynamic forces brought about by the action
of the empenmages. These forces, according to the cogg;dera—
tions made above, must be taken as proportional to V and
therefore the increase of weight in the armature due to 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
air on the various parts of the airshipwhen its axis is paral-
lel to the line of flight. This reaction is proportional to




o e

/)
p it and consequently the resulting efforts in the armature

vary accoraing to the same law of variation.

We must however distinguish between v constant and v
variable when evaluating the increase in weight due to these
forces.

In the first case, combining the dynamic forces in question
with the maximum lead favorable forces enumerated in (a) and
(b) (calculating these by means of various hypotheses on the
distribution and value of the useful load and of the load of fuel,
0il, and ballast) the result is that the increase in weight in
the armature due to such forces, remains always proportional to

~ Things are much more complicated when the weloeity is taken
as being variable, because in that case, for a sufficiently high
value of that velocity it may happen that, at a given moment,
the reacting force of the thrust of the propellers in a given
element of the ammature will prevail over the forces a + b,
thus giwing rise to an increase in the weight. of that element,
which does not happen: in the model due to the fact that the sign
of the maximum resulting effort is reversed, It is easily under-
stood that, under these conditions, 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 comsidering also that the velocity limits at~
tainable are relatively low, we shall be able to say, with a de-
gree of approximation 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 mecdel, 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 by the following formula:

(10°° . 0.5 v* + 0.033) V + 0.00336 V4/?

8. ACCESSORIES OF THE LONGITUDINAL BEAM.

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

The prevailing forces are those due to the action of the
air. In consequence of these forces the weight of the covering
of the beam varies in proportion to V v® and, for our model
wo have ¢ 10~® , 1.3 V¥,
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THE GANGWAY. - We should remember that live loads, though remain-

ing invariable in absoluye value, increase numerically at leas?t
in the proportiocd of V''®. Therefore, assuming that the width
of the gangway remains the same and that the number of supports
remaing al the same, the bending moments increase proportion-
ally to V2/2 and likewise the weight itself.

It is probable, however, that the constructor gains in weight

by increasing, if possible, the number of suspensions of the en-

velope; but, on the other hand, it is probable that this will in-

volve increasing the width of the gangway. In conelusion,
therefore, it seems that we are ;ustified in assuming the weight
to0 vary in the proportion of V?/3 as stated abowe.

For our model we have: 0.374 . V2/3.

SHOCK ABSORBERS. - The foreces to which the shock absorbers are
subjected. are about proportional to the aubiec capacity of the
airship. We may therefore assume that their number or length
must be increased with increased. cubic capaeity, leaving the
width unchanged. In that case the total weight will increase in
proportion to V. For our model the value is 0.003 V.

9. ENGINE SETS AND SUPPORTS.

After determining the maximum welocity which the airship
must be capable of attaining, the power required may be taken as
proportional to VB/3v2® and in inverse proportion to. the pro-
pellexr efficieng :

§=§ e P
For our type of airship, expressing v in km/h, we may as~

sume : i
k=10 " x 1l.05

and therefore for 1 = 0.7.

(1) Noa 30T Lk ve/3 v3 *

We may admit that the weight 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; starting devices; controls; instruments; pro-

pellers) is proportional to the power and averages 0.65 kg. per

* For the various types of airships constructed by us so far, we
have found coefficients varying from 1.45 $0 3.10. In our

future constructions we shall presumably reach somewhere below

l.4. PFor Zeppelins the coefficient is smaller.
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H.p. For engimes weighing 1.20 per h.p. we may therefore consider
the total weight of the engine set to be about 1.85 kg. per h.p.

As regards the supports, the forces to which these are sub-
jected are partly static, proportional to the weight of the en-
gine set and therefore to VE'3v®, and partly & namiec propor-
tional to the thrust of the propellers. If we assume, therefore,
that their number:remains unchanged, their weight must increase
in proportion to V. :

Such an hypothesis is, however, hardly probable, since it is
certain 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 their total weight is also propoxr-
tional to the power developed by the engine set which, in our
case, is given by 0.35 kg. per h.P.

Summarizing the total weight of the engine set we have:

(TT + 0.65 +O‘25) N = (TT +0.90) 10"6 JOEB V2/3w3
and for T = 1.20:
T e BT vz/sv3

10. MANEUVERING DEVICES.

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

In point of fact, while the forces are proportional to .
the length of the cables is proportional to L bl

In our case we have:

0.00080 . V'3

1l. LIGHTING PLANT, WIRELESS PLANT, ETC.

The equipment of the airship is completed by the }ighting
plant, wireless installation, ventilators, safety appliances,
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 fact, it is probable that a wider range of wire-
less will be required for larger airships). Other accessyries,
such as the lighting plant, increase in proportion to Vel
others, as the ventilators and safety appliances, increase in the
same ratio as the cubature.
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In the case of our model we have:

4.5 vl/3 +0.19 V% +0.007 7V

12. PILOT'S CABIN.

The Pilot's cabin is provided with all the inst ruments re-
quired for navigation and with other necessary equipment.

1t 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 V'@ /gnd that the total load al® in-
creases in proportion to V7. Vg, then conclude that thevgpgal
weight varies in proportion to /3, In our case: 0.300 .

13. PASSENGER CABINS.

1t is not possible to determine a priori the weight of the
passenger csbins and their equipment, since this must evidently
be proportional to the number of passengers carried. TWe ocan,
however, include this weight in the useful load by adding 30 %o
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 tanks by adding 6% to the weight of the benzine and
0il needed per kilometer.

We have now evaluated the entire weight of the airship it-
self. In order to consider the airship in flying shape, we must
add. the weight of the orew, spare parts, reserve ballast , bal-
1ast needed for take off, and the weight of fuel and oil.

15. THE CREW.

The number of men forming the crew depends not only on the
cubature of the airship, but also on other circumstances which
‘are mot possible to account for a priori, and we will therefore
be satisfied with a rough approximation.
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The minimum crew needed consists of:

1 Commander

- Piivt

1l Mechanic

1l Wireless operator.

With increased cubature of the airship, we may, generally
speaking, 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 th?x the weight of a
minimum personnél will be in proportion to V3,

The total number of mechanics, less the one included in the
minimum crew, may be ryughly congidered as proportional to the
power, that is, to V*/3¢3,

There are also the all~around men who, though not required
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, we have:

20 v1/3 + 30" B v"’/ava + 0.003 . V

16. SPARE PARTS FOR THE ENGINE SET AND TOOLS.

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

7 A | o vz/*’v3

17. RESERVE BALLAST AND TAKE OFF BALLAST.

As we said at the beginning, we shall suppose that naviga-
tion is normally started at an altitude of about 300 m. above sea
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 kg. is numeriecally ex-
pressed by 4% of the volume expressed in cubic 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, RESERVE STOCK 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 enough to meet all eventualities. This reserve must be in
proportion to the amount required for normal navigation. We
will calculate this by increasing by 30% the usual consumption
per kilometer, or, which amounts to the same thing, the specific
consumption per h.p.

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 0il tanks, and the reserve stock of benzine and
0il) is expressed in function of the cubature and of the velocity
by six terms respectively proportional to

Va/a i v2/3, vavz/a, V, Vzv, 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 expression for P:

(2) P = 34.5 vl/a + 43,874 + 107" 3.81 v v2/3+

+ (0,180 +107° 3.1 ) ¥ +'0.08087 v“*/3

in which V 1is 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 lifting fo rce
at the sea level, £ 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 call this the
USEFUL lifting force and will represent it by @.

We should recall once more:

lst. That the useful load comprises mot only the weight

* In our calculations for f we shall assume the mean value of
1100 kg. per cubic meter of gas.

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

and. That in the provision of benzine and 0il 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 provision.

Putting formula (3) in the general form:
(2') P=0LV1/3 + BV2/3+ YT + 6V4/3
we obtain for @ :

(3) o tv-(ca v‘/3+ Bv2/3+ YV + 6v4/3)

I

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

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

i /
(4) fv=%avl/3+% BV2/3+'YV+% "2 bt

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

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

(5) e =’f"%== 1 -%‘(av_a/s + BV-I/S + Y + 6v1/3)

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

The values of V for which P = 0 (lower and upper limits
of cubature) are obtained from the following equation:




a7 Sl

(6) fV= o v1/3 & B v2/3 > YV + 5v4/3

and, of course, the lower limit is higher as the velocity is low-
er. In fact, in this case the coefficients B and vy are small

also, and we have:

fi

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

at 90 xm/h V= ~ 1000
at.120 " V= ~ 3300
at 150 v = ~13000

The maxdimum walue of P is found by the following equation:
5 v4/3 =2 a vx/s el B v2/3

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

Ve/"‘": . %= B' + BN
6

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

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

at 90 km/h  max. = 0.450 for V = 35,000 m.®
»180 v * = (0.345 " V = 60,000 m.?
" 150 " " = 0,208 " V =135,000 m.>

We would remark here that, contrary to the current opinion,
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 airghip can
steadily 1ift itself (assuming that there is no change in equi-
librium between the internal and external temperature) is that
for which the corresponding value of the air density is in the

*Regarding the possibility of practical ly realizing these minimum
values of cubature; the reservations and observations wrzde at the
beginning of this study apply here also.




game ratio to the density of the air at sea level as P to f V.
This limit thus depends essentidl 1y on the value of pP.

Congidering the mean conditions 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 = 0.20 H max. = 2430 m. above sea level.

" 0.25 " 3050 AR
" 0.30 " 3700 AL O
n 0.35 " 4380 o
" 0. 40 n 5120 T
" 0.45 " 5870 oo
" 0.55 " €700 W mGe

and in the case of our model, corresponding to0 the values of p
max. giwen above, we find:

at 90 km/h V= 35,000 H max. = 5870 m.
" 130 n V = 60,000 " = 4260 m.
B 180w V = 125,000 " = 3450 m.

2l. OPTIMUM CUBATURE. CONSUMPTION PER XILOMETER.

For the balloon the optimum cubature is evidently given by
the maximum value of the coefficient of utilization.

As a matter of fact, for p max. the useful load is raised
to a given height which is maxdimum, 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 load, and ¢ the supply of benzine and oil re-
quired per kilometer, we shall be able to measure the UNIT VELOC-
ITY of the airship by:

€ = £p ~ Py
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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 lifting force, P £, is equally
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 airchip, the value:

(7) £ 585 &
C

We will now determine the value of ¢ in the hypothesis
thet THE NORMAL VELOCITY OF NAVIGATION, v,., IS OBTAINED BY
UTILIZING HALF OF THE AVAILABLE POWER, thaf is:

RS LY 2/3 3
No—é"ﬁ'v v

We shall then bhave:

PR 0.794 v

and therefore:
V2/3v2
1.'588

No X
e

o

We will assume that the engine plant consumes about 250 grs.
of benzine and o0il per hp/h. In order to calculate the total
supply of benzine and oil needed, we will add’ 30% to the normal
consumption, and in order to calculate the total weigh¥ we must
also take into account the weights of the containers which we
have evaluated at 6% of the total weight of fuel and o0il. TWe
shall then: have per h.p./h. a weight of

(0.250 + 0.075) x 1.08 = 0.345 kg.
and therefore the total weight per kilometer will be given by:

¢c = 0.345 ﬁg
VO

and assuming for % the value 107° 1.5 we obtain:

(8) c = 10"° x 326 x vz/s-v2

and subst ituting in the expression of «¢:

(9) ¢ =% B = a —Pr

808 ° T oy
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The OPTIMUM CUBATURE is that for which € assumes its maximum
value. It is obtained by solwing the following equation:
/a

2/3 i 6v4

(10) 3(f-v)V=4 av1/3+3 BV
We should not be surprised that we find some very low values.

In fact it is evident that the optimum cubature must always be

less than the one corresponding to the maximum value of p, be-

cause for larger cub atures the denominator of ¢ increases,

while the numerator decreases.

In our case we find:

for 90 kw/h. : optimum cubature = ~ 5,000
n 180 fn . n n - ~10,0oo
o B : n " = ~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 exist an OPTIMUM VALUE OF VELOCITY out-
gside of zero for which efficiency becomes maximum. And in fact,

if in =B _ we express the coefficients B and Y in function
v v
of the wvelogity:
B = B'+ B"v® = 3.37¢ +107° 3.51 v®
n e
v = '+ ¥'v® = 0.160 + 10 * Baroe”
and then make:
. P P
SRS L
we find: :
/ -1/ /
N 0 T e N R MY
8 Blf

which, for greater clearness, we may write: -

4/3)

e . T /s g ?/3+ YV + 8V
3'8"v2f3 i

from which we sece that the existénce of an optimum value of the
velocity different from zero is contingent on the condition:

ve =
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’ I
£V < & vz/s 5 vazls e SVz/a
which @an never be attained because we should also have:

TN = P

22. CUBATURE OF MINIMUM CONSUMPTION. DISTANCE LIMITS.

When 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 minimum consumption of fuel.

Let P, be the waximum useful load which an airship can car-
Iy t0 a dié%ance L. The consumption of fuel per kilogrammeter
will be given by:

T AR
PuL Pu

We will assume, as before, that the useful lifting force is
equally distributed between the useful load and the supply of fuel
and 0il in such a way as to give P,L  its maximum value.

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

g o

that is, in inverse proportion to the maximum distance which the
airship can cover without any useful load. TWe will call this
distance the "LIMIT DISTANCE".

It is evident that there exists a value of V for which the
unit consumption is minimum and therefore the distance limit is
maximur. In fact, we have only to0 consider that if the cubature
increases indefinitely, the useful lifting force will finally
reach zero, while ¢ always has a positive value.

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

Keeping in mind formulas (3) and (8) we can put:

1/
B g - 4 LLLarle

5v2/3 2% 5 5V4/3l

S Ty

S

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



(12) Y i B e W i 6'V?A’ =0

an equation which, solved for V, gives the value of the cubature
of minimunm consimption.

%
This value being very high, the terms A el may be consid-
ered as negligible, and then we have only:

(13) v = i/ i~§7§~

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

In point of fact, having, for our model:

for 90 km/h £f - =0.915
R - SR " = 0.896
nLORED % R = 0.87%
and 3 6 = 0.0134, we find:
for 90 km/h : cubature of min. cons.=~ 318000m?
e T N . n noom "= ~ 299000m°
| RS " e " = o 274000m°

33. LIMIT VELOCITY.

For each cubature, the airship is designed for reaching a
certain maximum velocity which cannot be exceeded. This limit
value is at once oObtained by = lwing for w the equation: P = f V.

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

¥ = 1,000 me Velocity limit = 93.5 km/h
¥ = 5,000 m® n 5. .= 188 "
V = 10,000 m® " » = 148 n
V = 50,000 m® n v =17 n
Vv = 100,000 m® " e T "
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Vv = 200,000 m3 Velocity limit = 185 km/h
Vv = 300,000 m? " S R
V = 400,000 m? " "o om iV a

As we see, the limit velocity first increases rapidly-with
the increase 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 maximum of
velocity should not be reached; in fact, they should not even be
approached.

24. INFLUENCE OF THE COEFF‘ICIENT OF RESISTANCE AND OF
PROPELLER EFFICIENCY.

In the general expression of P given in formula (23') the
only term which depends on the power, and therefore on the coef-
ficient :of resistance k as well as on the propeller efficiency
m, 1is ; . g

B. v2/3 = (Bl o 'Bn v3) vE_!/S

B being proportional to N and consequently also to -}r‘-1

It is therefore easy to see the effects produced by a varia-
tion of the ratio l% , . :

As regards the coefficient of utilization' o, of course it
increases: as ']"{T diminishes and vice versa. More exactly, we may
say that, for a given cubature, the variation follows a linear
law, as. is shown by the general expression for p . We may add .
that the variation is more rapid for small cubatures, for which
the term B V2'2 acquires greater importance with respect to the
other terms. :

corresponding to p maximum, thus shows that with incr@age of
0 maximum is obtained for a larger cubature, and when —1,% de-
creases, P maximum tends towards a smaller cubature.

The approximate expression e % which givesthe mlba.t%re;
7i 2’

The CUBATURE OF MINIMUM CONJIMPTION OR M:A,X'.IMUM RANGE remains
unchanged. This is clearly shown by formula (13) in which V is
independent of

On the other hand, we have notable variations in the distance

limit given by formula (11). Indicating by A a numerical coef-
ficient, this may be put in the following form: . |

R L A L TP B A R WO Ag_J



and from this it clearly results that when % increases, the num-
erator decreases and, at the same time, the Qénominaior ingreases,
and therefore L, . decrzases. On the other hand, when = de-
creases, the numerator increases and the denominator decreéses,
that is to say, Lp,x increases.

Finally, the limit velocity also varies with X, increas-
ing as X decreases. : , n

o)

25. VARIATIONS OF THE LIMITS OF DISTANCE AND VELOCITY
FOR 4 ALL VARIATIONS OF VOLUME.

In order to show more clearly the influence of the increase
of velocity and range on the cost of operation of aerial trans-
port, we will consider a difference in volume sufficiently, small
to enable us to assume that for all intermediate cubatures the
coefficient of utilization, @, remains just about constant.
This we can always do, even for rather large differences in vol-
ume, when, for instance, we consider the region of the maximum
value of p. .

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

) pv ! o v1/3 n
Lmax = = X -
A}r{rva/sva A vl %
and therefore
; 3
(14) V= Ak v® L3max

o

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

Thus, for instance, in order to increase the distance limit
by only 10%, we must increase the volume by 35%, and if we wish
to increase 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 of 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 nuwmber of passengers. ng,
and the distance L,, to be covered without landing.

In round figures we may take 100 k for the weight of each
passenger, comprising therein his 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:

i}

r 1/3 2/3 4/3__ LO i
looifV"aV - BV - YV - 8V -B—{;é-fg‘%—-no

putting more briefly:

T
B2as. v P

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

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

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

. 1/3 3 2/3 4 4/3_ 3 Lo
e whedi.. | SNUCREMGIRE RS

If we compare 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 Lg, the value of V corregp onding to n, maxi-
mum is greater than the cubature of minimum consumption. %n other
words, this cubature cannot, in general, be considered as a limit
cubature, asmight appear at a first glance.

The use of tables and diagrams gives a rapid solution of the
problem, as we shall show by a few examples.
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lst. 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 to use airships
having a maximum velocity of 120 km/h., and still less those of
150 xm/h. We will therefore suppose that we have v = 90 km/h.,
and consequently Vs normal velocity of navigation, equal to
about 71.5 km/h.

Glancing at the table, we may conclude that the requlred
cubature (certainly greater than 60,000 cubic meters since for
this value we have L.y = 7331 km.5 is comprised between 100 000
and 150,000 cubic meters. In point of fact, we have:

i

* ‘150,000 w° -

\
|
\
\
for 100,000 m.3 $ - cL,= 5,80 kg.
12,380 kg. '

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

V=~ 133,000 n3
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 eV e %
" = 100,000  as 58
" = 150,000 "= 124
" = 200,000 " o= 182
" = 350,000 *o& 0 3%
" = 300,000 A T
" = 350,000 SR N

snd. In the previous case, suppOse that we make a stop
at the Azores for the purpose of ta,king in fuel. Under these
conditions the maximum distance is reduced to e,b%ut 3,700 k.,
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-Paris-Marseilles-
RorgeaNaples—Taranto-Cairo with stops at London, Rome, Taranto
an airo.



-5 -

There will be non-stop flighte having the following lengths:
London~-Rome 1635 km.
Rome -Taranto 460 km.
Taranto-Cairo 1700 km.

Adopting airships of 120 km/h., we find that with a oubature
of 50,000 m® 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 Alexandria in Egypt (distance about 2,400 km.) op-
erated by airships having a maximum velocity of 130 km/h. and a
normal velocity of 95 km/h.

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

for 40,000 m® n, * 17
.. 60,000 m* L 55
n 80,000 m3 n = 93

But suppose that we make a stop at Taranto (Milan-Taranto,
875 km.; Taranto-Alexandria, 1535 km.), the maximum distance to
be covered in a non-stop flight is reduced from 2,400 to 1,525
km. and we have:

for 40,000 m? n, = 59
" 60,000 m?3 8-l XTE
" 80,000 m3 no= 388

CONCLUSIONS.

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

These characteristics are the contrary of those of the air-
plane, which, in the present state of aerial technical data, is
a machine essentially fast, but which can only carry a relative-
ly small useful load over a relatively short distance.
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There is, therefore, no reason to talk about competition be-
tween these two means of aerial locomotion, since they are so es-
sentially different from each other, each having 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
should be remarked that it is not too much to hope that the ilim-
its we have found, and which are already pretty large, will be
exceeded in actual practice, since in our investigation we have
abstained from considering the developments which may confident-
ly be expected from the genius of inventors and the skill of con-
struetors.

Even without taking 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 MAXIMUM
ALTITUDE OF FLIGHT. By increasing the cubature beyomd the poin
corresponding to p maximum, (which our calculations show to be
much smaller than is commonly believed), the maximum altitude of
the airship goes on decreasing, in spite of the fact that the
range of action in a horizontal plane and the useful load go on
increasing.

Now, the possibility of rapid climb is undoubtedly an essen-
tial factor of security of aerial navigation in the case of
storms.

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

High altitude and high speed are, however, antithetical
terms. It is possible to build airships capable of rising to
high altitudes, but they will, necessarily, have low velocity,
just as8it is possible to build airehips having high speed, but
having a low ceiling.

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

Now, at 120 km/h., for a cubature of 200,000 cubic meters,
we have a coefficient 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 relaj
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 speed 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.

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

The essential requisites of a public transport service 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 t0 enable the
ship to sail for much longer than the anticipated time, should
this be required by the atmospheric conditions; (c¢) the possibil-
ity of developing a relatively high maximum speed. ;

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

The necessity of satisfying all three conditions at the same
time, leads us to conclude, on the basis of our calculations,
that under the present conditions of aerotechnics it is not ad-
visable with airships used for passenger service, to exceed a nor-
mal 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-
nected with the question 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 waritime service is also influenced by weather condicions
in 3 certain measure.

We may hope that alrsnips will be much less affected by
weather conditions when, in the near future, the problem of me-
chanical mooring, h0u51ng, and getting the Shlp out of its haunga.
has been satisfactorily solved.

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

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

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

Considering the question from this point of view, we shall
not be so foolish as to 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
cr on account of greater speed.

Also, we need not be surprised if in such characteristic
cases the cost of aerial transport should prove to 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 access,
far distant 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 much less than that of laying a railway or
making routes for motor-cars.

Except for the exceptional cases just mentioned, we believe
that AN AERIAL SERVICE WITH AIRSHIPS IS ESPECIALLY AND PARTICU-
LARLY SUITABLE 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 and long
distanoce flights.

In the first case, it is evident that we can attain a high
flying speed, thereby obtaining a considerable advantage over the
usual maritime service, whether over seas or lakes. Such may Dbe
the case, for instance, for a line Rome-Cagliari, or Rome-Tripoli,
or Rome~-Palermo.

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

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

The answer t0 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~table is of less importance
than for short journeys. That is to say, the departure of an
airship need not be announced much ahead of the time, nor need
the departures be arranged according to a fixed time-table. It
will be sufficient if the time of departure is announced two or
three days beforehand, so as to give intending passengers time to
prepare, and to decide whether they will travel by alr or by the
usual maritime service. This consideration is of some import-
ance, since it meets the objection raised that aerial transport
being, as it is, dependent on the weather, cannot compete commer-
cially 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 reguires only a small capital and
combines large profits with absolute security of investment.

Such a service is especially important in countries like
Italy, where there is always a great influx of visitors from
abroad. We are convinced that a well organized system of touring
airships, especid ly in tourist centers, would not only be suc-
cessful from an investor's point of wiew, but 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 giwven by an air-
ship in comparison with that felt in other modes of flight, can-
not fail to attract a large number of tourists.

and. For passenger transporfi the airship offers much
greater convenience and comfort than the airplasne; also, the
airship can slow down during flight or even remain stationary in
the air, thus allowing greater enjoyment of the panoramsa.

3rd. The risks of navigation ars 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-
sonnel are reduced to a minimum, especizlly for short distance
flights such as Rome-Naples, Bay of Naples, the It=lian Riviera,
Sicily, etec. For 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-
munerative figure.

9. 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-
acy: the semi-rigid Italian type and the rigid German type.

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

While for small cubatures, the absolute superiority of our
articulated beam type is generally recognized (and proved by the
numerous requests from foreign Governments for sample airships of
this type and the appreciations of them expressed in the offigial
organs of those Governments;™ many experts and especially many
amateurs maintain that, even for large cubatures, the Italian
semi-rigid type can successfully compete with the German rigid
type.

* Our Aeronautical 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 built
for Spain. The O type, derived from the P type, (Crocco-Riccal-
doni) may be comsidered as the most successful of Italian small
cubature airships. It was designed by Engineers Pesce and Nobils.
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Though there may be a doubt in the matter as regards the ar-
ticulated type, there can be none whatever as regards the rigid
type, asshown by the brilliant success of our experience with our
first T type airship. We are convinced that 10 whatever dimen-—
sions our T type may be increased (within the limits 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 accentuated.

0f course, we do not say that great increase of cubature can
be made without giving rise to difficulties. When the cubature
exceeds 100,000 cubic meters the problems of construetion and as~-
semblage 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 consider that the essential reamn why our type is super-
jor to the German, lies in the concepiiom 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 1s suffigient to
preserve the shape. The Italians only make rigid those parts
which really require such treatment, thus greatly simplifying con-
struction 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 rigid type doeg not ap-
pear to have much advantage over the Italian semi-rigid, since,
with the rigid bow of the T type the excess pressure of the gas
in the envelope can be maintained relatively low, without fear
of any inconvenience arising either during navigation or during
mooring operations.

The superiority of the Italian conception appears, however,
not merely in simpler construction, but alm , 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 %0
great forces, have a resistance which we shall seek in vain in
the framework of the Zeppelin. It is ELASTIC, because its artic-
ulated joints, the peeuliar characteristie of our longitudinal
beam, give it an elasticity which enables the airdup to withstand
shocks and bumps, while the Zeppelin, as experience has proved,
cannot support such shocks without serious damage.

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

1st. Rapidity and certainty in designing.

2nd. Rapidity of construction and utilization of mater-
jals of current use and constant characteristics.
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3rd. Great rapidity and simpliecity of mounting.

4th., Possibility of taking the airship to pieces repidly
gither for purposes of storage or transport when it is not ad-
vigable to send it under its own power. We may note that the Zen-
pelin cannot be taken apart.

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

6th. Great facility of inspection and repairing of sin-
gle metallic parts. This considerable advantage arises immedi-
ately from the fact that the rigid part ocaupies only a small
space, and also that the various parts are articulated together,
s0 that a damaged part can easily be changed.

#+h. 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 materials must conduce
to a lower cost of production.

Thig 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 bag becomes inefficient, it must be entirely
renewed. It ig certain that to change one of the gas compart-
ments of the Zeppe.lin is a much less costly operation, but, on
the other hand, when we consider that the cost of upkeep of the
rigid part is much less in the Italian type, we come to the con-
clusion that, on the whole, the upkeep of a Zeppelin is more
costly than the upkeep of an Italian airship.

In summing up all the advantages of an Italian airship over
a Zeppelin, we must, however, admit 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 eliminated
by successive improwements in the Italian type of airships.

Rome, December, 1920.
Trenslated by Paris Office, N.A.C.A.
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TABLE 1.
WEIGHT OF THE VARIOUS PARTS OF THE AIRSHIP
IN FUNCTION OF VOLUME AND SPEED.

P=v/3 4 (B +p"ve) V2 4 (w'+ y'vE) T 45 V3

(P in %Xg.; V in m.2; v in km/h.)

“°"

B V2/3

PARTS 8 V’/3:
. . B' . B"VB

Envelope with all acces-
gory organs including :
valves and valve con- : -
trols : : 3.410

" e w8

Stiffening of bow

M

Stabilizers and rudders
with controls. .

Longitudinal Beam : :

Accessories of longi-
tudinal beam (cover- : :
ing, gangway, shock - :
absorbers : e D374

Power plant with sup- : ; : o
ports : : ClllR o ki B TR

Maneuvering devices :

se ** we s

Plant for lighting,
wireless, ventilators : 45 : 0,10

Pilot's cabin < 0,300
Crew el 200 10—6 0.20 v3

e s

Engine spare parts : : : il
and tools X : 2 RGN AE ve

Reserve ballast and :
ballast for initial 5 3
clinb of 300 m.

‘6= 24.5:5'= 3.074: B" = 10-° 3.51
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TABIE I (Cont.)
WEIGHT OF THE VARIQUS PARTS OF THE AIRSHIP
IN FUNCTION OF VOLUME AND SPEED.
P=vV2 L (B'+ B"v?) y2/e (v' '+ ¥"v3) ¥ + § ve/e

(P in kg.; V in m.®; v in km/h.)

‘XV ; ;4'/3
PARTS i A : i
: Y Ty a (i
Envelope with all ac- :
cesgory organs includ-: 3
ing valves and valve : Y :
controls v DR 4 s 0.00374
Stiffening of bow hevid. s TR plm o
Stabilizers and rudders :
with controls : 0.047
Longitudinal Beam L Clamas v 3078 0.8 v Bupoake
 Accessories of longi- : : :
tudinal beam (covering:
gangway, shock absorb-: 3 5 i 18
.ers) R 2 s It Gl BRSO TS
Power plant with sup- : :
ports-
Maneuvering devices ; ; . 0.000860

Plant for lighting, -
wireless, ventilators : 0.007

Pilot's cabin . : :
Crew . 0.008 : :

ae an e

Engine spare parts
and tools

Reserve ballast and
ballagt B r initial - . <
clim b of 300 m. Q.07

w = 0. 166 y"=10-° 3. L- 5= 0.0067
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TABLE II.
Maximum Velocity, 90 km/h.

Normal Velocity of Fiight, about 72 km/h.

:Useful :Coeffic-tFiel & : Limit : No. of :No. of
:1iftin% : ient of :0il per:distance:passengers:passen-
Cubature:force (for:utiliza-: km. : for 1000 bngers for
f = 1100 tion - 5000 km.
kg/m.3 .
¥ m® ® kg. 0 b oh e, s L Yo
5,000 1.807 4 QigGis : Q.773: 8,431 4 Q
10,000 : 4,472 ¢ 0.4006 : 1.326: 3,647 33 0
15,000 : 2,095 : 0:4300 : 1:606: 4,418 55 0
20,000 : 9,700 0,409 ;1 1.946¢ 4,985 5 0
25,000 12,876 : 0.4468 : 2.258: 5,436 100 0
30,000 14,813 1§ 0.4489 : 3.550: 5,809 1233 21
35,000 17,318 ¢ 0.4497 : 23.8467 6,136 145 38
40,000 : 19,775 : 0.4494 : 3.08%Y: 6,402 167 43
45,000 : 32,208 : 0.4485 : 3.341: 6,645 18© 55
50,000 : 24,8589 : 0.4471 : 3.584: 6 861 210 87
60,000 : 29,364 : 0.4434 : 4.047: 7,331 252 20
70,000 : 33,806 : 0.4390 ¢ 4.48%5: 7,538 293 114
80,000 : 38,328 : 0.4344 : 4.903: 7,796 393 13Y
90,000 : 42,406 : 0.4283 : 5.304: 7,99 i ot 159
0000 < 40,699 :.0.4846 :  5.6%0: 8,307 410 182
195,000 = 56,693 .3 0.4183 : ©6.68023: B,58Y 501 337
20,000 = 68,085 : 0405 : T7.456: 8,863 586 288
27000 ¢+ 74,025 : 0.3893 : 8.365: 9,087 667 336
800,000 : 85,358 1 0.3784 : 9.033: 9 218 742 381
SaRL000 . 8L 118 : 0.3681L ¢t 9.770: 9 336 813 423
280,000 : 98,541 : 0.3883 : 10.480: 9 403 881 461
375,000 : 105,548 : 0.348S : 11.189: 9,450 044 + 497
300,000 : 113,164 : Ougend : 11.888: 9,477 1,003 530
335,000 : 118,407 0.3312 : 13.484: 92485 5 1,059 560
350,000 : 124,299 2 9, 477 3,118 587

: 0.3239

13,116:




TABLE

P

1%

Maximum Velocity,

120 xm/h.

Normal Velocity of Flight, about 95 km/h.

: Useful :Coeffic-:Fuel and: Limit No. of No. of
¢ A3Ttang' cfEnt of @ oil :distance:passengers:passen: .
Cubature: force :utiliza~:per km. : 3 for :gers for
: tion : 1,000 km. :3,000 km.
T T g, g ke, ca L s
5,000: 88 - 0.1878 : 1.37%": - 0 - 0
10,000: 3,684 ¢ 0.3413 : 3.17¢ : 1,818 : B - 0
15,000: %, 008" : 0.8835 : 2.855 : 1,638 : 18 : 0
20,000: £y 737 1 0.3088 1 5.459 : . 13948 .: 33 0
25,000: 8,808 : 0.3300 ¢ 4.0l4 : 3,193 : 48 0
30,000: 10,858 : 0.3390 : 4.538 : 23,39 : 83 0
35,000: 13,895 : 0.3349 : 5.083 : 3,587 : 79 0
40,000: 14,914 : 0.3389 : 5.491 : ‘3,716 : 94 0
45,000: 16,911 : 0.3416 : 5.939 : 2,847 : 110 0
50,000: 18,881 : 0.3433 : 6.371 : 2,963 : 125 0
€0,000: 33,751 : 0.3447 : 7.195 3,163 : 156 12
0,000: 86,8232 : 0.3444 : 7.973 : 3,326 : 185 26
80,000: 30,197 : 0.3431 : 8.716 : 3,464 : 215 40
90,000: 33,691 : 0.3403 : 9.428 : N e ° 243 54
100,000: 37,346 : 0.3386 : 10.114 : 3,683 : 371 69
135,000: 45,553 : 0.3313 : 11.736 : 3,881 : 338 103
450,000 B3,335 : 0.3332 : 13.883 : 4,085 : 401 138
175,000: 60,639 : 0.3149 : 14.887 : 4,128 : 459 166
aD0,000: 67,468 : 0.3066 : 16.055 : 4,303 : 814 : 188
2335,000: 73,873 : 0.2985 : 17.365 : 4,354 : 565 218
250,000: 79,877 : 0.2905 : 18.630 : 4,287 : 612 340
275,000: 85,496 : 0.3826 : 19.853 : 4,307 : 6568 259
300,000: 90,752 : 0.2750 : 31.037 : 4,314 : 697 276
335,000: ©5,660 : 0.3676 : 232.190 : 4,311 : 735 291
: 0.3604 : 33.314 : 4,399 : 769 303

450,000

100, 337
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TABLE 1IV.
Maxinum Veloeity, 150 km/h.

Normal Veloaity of Flight, about 119 km/h.

0.1621:

: Useful :Coeffic~:Fuel and:Limit No. of % 'Neo. bt
+ lifting :ient of : 0il :distance:passengers:passen-—
Cubature: .force tutiliza~:per km. : : for :gers for
g ttion . : 00 km. . 1000 km.
L o T A P e L km. :
5,000 : -1,063 : -0.396 : .
10,000 : - 289 : -0.036 : y - g
15,000 - : 773 : 0.0468: 4.461 : rTa 0 X 0
20,000 : 1,957 : 0.0889: 5.406 : S0 0 ¢ 0
25,000 : 2,210 : 0.1167: &.371 : - 1 s 0
30,000 : 4,49 : 0.1362&: 7.083 : =, 10 - 0]
35,000 5,800 : 0.1506: 7.848 : 789 19 : 0
40,000 : T 1 DlmAR: 8.508 839 : 28 : 0
45,000 : 8,428 : 0.1683: 9.379 : 208 : 38 5 0
50,000 : BeTNb : Degtio: 9,950 : 278 : 53 - 0
@,000 : 13,331 : 0.1868: 11.343 : 1,007 67 $ 11
70,000 : 14,883 : 0.1932: 13.458 : 1,496 87 3 24
80,000 : 17,384 : 0.1975: 13.618 : 1,06 106 - 38
90,000 : 19,742 : 0.1994: 14.730 : 1,340 e 3 50,
100.000 : 22,192 : 0.3017: 15.802 : 1;40% : 143 - 64
125,000 : &7,850 : 0.2035: 18,857 1 1,019 } 187 .96
150,000 : 33,115 : 0.8007: 30.707 : 1,599 : 228 124
175,000 : 37,993 : 0.1974: 33.948 : 1,656 .: 265 Lol
200,000 : 43,497 : 0.1933: 35.085 : 1,694 : 298 174
235,000 : 46,638 : 0.1884: 27.134 : 1,989 331 195
250,000 : 50,335 : 0.1830: 39.109 : 1,789 358 213
275,000 : 53,899 : 0.1783: 52,019 ¢ 1.7896 : 384 229
300,000 : 57,045 : 0.1739: 33.871 : o 407 23423
325,000 : 59,883 : 0.1675: 34.673 : 1,729 ¢ 435 253
350,000 : 63,436 : ae. a0 . 1,70 ¢ 443 260

-3
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