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1. As an indispensablepremise to this study it shouldbe
stated franklythat it is zather risky to judge of the approxi-
mate weight of an airshipof large cubic capacity,** say,300,000
cubicmetersz by taking as a basis the anticipatedweight of a
similarairshipof small cubic oapaoity,say, 30,000 cubio meters.

Even were it possible,by ~plying the principlesof me-
ch~icn similitude,to establishexact laws of variationfor the
weights of the various constituentparts of the airship,the pre-
visions would stillbe far from the reality,especiallyfor very
large airships. It may, in fact, happenthat with increaseof
dimensionswe find ourselves,at a oertainpoint under the neces-
sity of radicallymodifyingthis or that part of the airship,or
we .:shallhave to adopt materials having characteristicsdiffer-
ent from those used in the model, or insurmountableand unfore-
seen difficultiesin workmanshipand assemblingmay constrainus
to abandonthat type of airshipor completelych~re the cubic
capacity.

It is, however,undeniablyuseful to try to establish,even
by a very rough approximation,the laws governingthe weight of
similarairshipswhich m~ give a sufficientlyclear idea of the
gzeater or lesser advantagesto be obtainedby a given cubic
oapacity. But when, having establishedthese laws, we find, as
in fact, we do find, that the unit weight first decreasesto a
minimum value in relationto the cubic oapacityX and then in-
oreasesuntil, in the mibic capacityY (limitcubic capacity)

* Frcm the ~Giornaledei Genio Civile,l!Anno LIX, 1921.
** For the sake of simplicityand clearnesswe shalluse no unus-

ual or out of the way terms, but only such as are in current
use, as cubio capacity,empennage,ballonet, eto.
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,, the weight absorbsthe whole of the lifting force,we must con-
sider the values.of X and Y as being acceptableonly as indi-
cations of THEIR ORDER OF MAGNITUDE,sinoe it may well happen
that, for instanoe,for one of the reasonsabowe indicated,the
limit Y nay be reaahedimore rspidly$or even excseeded.

2. In applying,wheneverpossible,the laws of similitude
to airship struatures$we will keep in mind:

a) That the principal staticeffortsprodueedjeither
by weight or by the pressure of the gas, may, with sufficientap-
~oximat im, be consideredas proportionalto the oubio oapaczity

C!onseqyently,the stressesin the various parts are proporza
timlal to, v, and thereforethe weight is proportionalto V4 .

b) That the mjaindynamicaleffozts due to air pressure,
are proportionalto V2 s and consequentlythe weight of the
various structuresvaries proportionallyto V.

3. We will 1imit our investigations to the semi-rigidItal-
ian T type, but it is obviousthat, by generalization,the law
of variationthat we shallestabli~ is applicableto any other
type of airmip and, in particular,to the rigidi%ppelin type,
with some slightmodificationsin the numerical coeffhients in-
troduced.in the general formula expressingthe weight of the air-
ship in funationof the volume and maximumvelooity.

By the maximum veloaity of the airshipwe mean that veloaity
whioh it can safely develop at a low a3titud@$say, at 300 m.
abowe sea level. This velotity,expresse&in km/h., we indiaate.

.4 by w.
.

In speakingof the weight of the airshipwe will consider
the follotingparts:

The
The
The
%he
The

externalenvelopeend accessoryorgsns;
stiffeningpart of the bow of the envelope;
stabilizingand controlplanes (keeland”rudders+);
frame stru@ure and accessories;
maneuveringdevices (landing,mooring,eto.);,

Eleotric+light-pl~t, wireless~lanii,ffis, ete.~—
The pilotts cabin;
The passengercab$n;
Reservoirsfor benzine, oil, and water.

Besides this, in order to completethe
weights which, unlike those of the fuel and
main oonstent,and o~notibe dispensedwith
sider the following weights:

evaluation of the
the useful load, re-
we will also con-

.,
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The crew;
Engine spare parts and various necessarytools;
The reserveballast and theballast correspondingto the

● first 300 meters.
The reserve stock of benzine and oil.

&
4. - THE ENVELOPE - The envelope oomprises:

The extern~ envelope of the gas bag;
The separatingdiaphragmbetween the gas and the air, com-
monly calledlthe internalballonet;

The ballonet on the beam;
The transversaldiaphragms;
The connectionbetween the framewith the-keelsand rud-
ders;

The gas and air valves with their correspondingcontrols.

In the rubkr-oavered ~d varnishedenvelopeemployed in
the various parts of airships,we must always distinguishthe
weight of the c~vas part from the weightzof the rubber and var-
nish appliedto it. The function of the rubber is essentially
to render the bag gas-proofand, consequently,in theory,by
fiting the tolerancelimit of the daily penetrationof air in a
oubicmeter of hydrogen-the weight of rubber for every square
meter of the gas bag surfacem= decreasewith the increaseof
oubic capac5ty. In practice,however, for various considera-
tions we may assume the unit weight to be about aonstant,and
thereforethe otal weight of the rubbermay be tskm as propor-

Ptional to V2 3. The sameproportionholds for the weight” of
the varnish.

EXTERI?ALENVELOPE.- The weight of the externalpart of the gas
bag minus the weight of the rubber4~$tainedas specifiedabove,
may be taken as proportionalto

Y
In fact, while from one

side the surfaceincreasesas V2 ~, “on the otherhand, the
tension (and oonseqpently,for the same specificzresistance,the
thiclcneqsalso) inoreasesin proportionto the pressure and t
the radius of ourvature,that is, in proportionto . ?VJSXVX 3.

DIAPHRAGM SEPARATINGTHE GAS FROM THE AIR. - This gas tight dia-
phragm, interposedbetween 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 tsken as propor-

?tional to W ‘.

TIiANSWIRSALDIAPHRAGMS.- These must be capable cf withstanding
a given differenceof pressurebetween two acijacentgas compart-
ments. It is$ however, rationalto consider such differenceas “
being proportionalto the mean pressu= of the gas and, there-
fore, proportionalto @3* Gonseqzently,we may assume thatl~
the total weight of the diaphragmsvaries in proportionto @ .
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Implicitlyme have also assumed fih.atthe number bf diaphragms
is always the same. .

CX3NNEU’ING LINKS. - The tensions in the links connectingthe ex-
ternal gas envelopeand the longitudinalbeam (oatenaries)are
proportionalto V./ The weight of such elements is therefore
proportimal to W 3.

Regardingthe elements.or links ccmnectingthe envelopewith
the keels and rudders, it should be remarkedthti, as we shall

7
see la er on, the total forces acting on them are proportional
to P3. AI.so,the stressesto which are subjectedthese con-
necting links (exceptthe stressesprothmedlbyinertia)fall un-
der the same relationof proportionality,and thereforethe
weight of these connectinglinks k:illvary in proportiontol~~,
consideringthat their Ieagth increasesin proportionto V .

GAS VALVES. - For s!impliaity~ssake we will assumethat the di- .
mensions of these valves renain always the,same

In this c sepa ~ ~creasing the pressureof the gas in the pro-
p&tion of VI ~ he holding power of eaah valve increasesin
the ratio of W ‘. 1% follows.that the number of wslvea, and

7
conse~en ly, their total weight, varies in proportionto
.+g=+’.

In order to avoid introducingthis new eqmnent, considering
dsO the relativesmdlhess of this weight, we will~assumethat
the weight of the gas valves is proportionalto Va’=. On the
other hand, this differenceIn the law of variationmy be real-
izedLby suitablyincreasingthe dimension=of the liftingpart
of the valve only, up to the limit al.lowedihy,tke strengthof
the othe,rparts.

CONTROL CABLES.- Accordingto the hypothesesgiven abme, the
Weight of the an.~s controllingthe valves is numericallypro
portionalto V2? while their length is proportionalto V173.
We may thereforet&e their total.weight as proportionalto .V.

It shouldbe remarke~here that, tn praatioe,construtiors
will probably awoi& having an excessivenumber of valves and
valve controlswhioh would entail a more rapid variation of
weight, unless the strutiureof the valve czouldbe alteredlfor
the purpdse of making it less hew.

AIR VALVES. - In this case, aonsiderimzthe less f~orable condi-
tions of functioning,we must assume tfiepressureto be constant.
17emay thereforeassumethe number of - .

their total weight to be proportional
waives, and consequently
to v.
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Consequently,th~ weighJ?of the control sables increases.in
propotiionto V x VI 3 = V4 3.

TOTAL WEIG~ OF ENVELOFZ.- We have nom analyzedlthe weights of
the various partsofthe en velope of our model airship,and
there~ obtainthe followingexpressionfor mmputing the total
weight of the envalope:

/ /
Z.QO V2 3 + 0.008 V + 0.00374 V’ 3.

5. - STIFFENINGOF THE BOW.-

The unit pressure exerte~by the air on the ~rf’ace of the
stiffened.part of the b~ is wwo?tiond to the sW~~ of t~
velocity. Since,however,the line~- dimensionsare proportion-
al to VJ3 ‘b “~$~p:~;:;;~ ~d ::%;yn:ypg’:t:g ‘e-sultin str~sses,

?han~ he total surfaoevaries in proportionto @ ●
It there-

fore followsthat the tota3 weight is proportionalto VV2.

In order to be e~ot, we should also cmnsiderthe secondary
stressesdue to the weight itself, *resses tiich, of ~~se,
increasemore rapid2y then the preceding ones. These, however,
axe negligibleespeoid.lyin the upper part which rests m the
envelop=.

In the ease of our model, the total weight of the stiffene&
bow (includingits cowering)is gi.wenby:.

10-= - 1*3VV2

where, as s3wayB, V is expressed in oubic meters, and v in
km/h.

6. - STABILIZING& CWNTROLPL~S-

St is extremelydifficultto establisha law governingthe
vaxiati.onof the weight of the stabilizingsnd controllingor-
gana$ and would first of all require a close examinationof the
variouspointELcnnnecte&with these funetims, an examination
whioh we cznnotenter intohere-

Y7Gwill thereforemake only a rough approximatimzby the aid
of simplif&inghypotheses. For ihstanoe,we shallnot distin-
guish between the fixediand mobile planes, assumingthat, aco_ord-
ing to the requirementsof stee~ing,a greater or smallerpart of
the total surfacearea may be renderedmobile without greatly .
sffecting the mean unit weight.

WERTIC3ALPLANES. - Consideringcdy the stabilizingfum%tion,it
is evMenk that the totsl area of these p~anes mudi be propor-
tional to the ~rface area of the enuelope,if the rightingmoment
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&e to the action of the air on the former is to be proportional
~at}t;mupsettingmoment causedibythe aotic)nof the air on the

On the other hand, the unit pressuremay be assumedto be
con.ste.nt,and it then follows that the total weight of these
planes varies in proportionto V.

If we now considerthe variation of speed, it is evident
that, for increasedspeedlthese planes shouldbe suitablystlength-
ened, though it is difficultto establi~ a priori in what meas-.
ure this ~ould be done. But on the otherhant, with increased
velocity the deviationsdue to the disturbingo~se diminish,
and therefore if we wish to keep the stabilityconstantwe may re-
duce as reqpiredthe area of the planes. So that, for the sake
of simplicityand as a rough approximationwe may say that the
total weight of these planes is independentof v.

HORIZONTALPLANES. - For these pleneawe might employ the same
general @nSideZatiOn6 as for the vertiaalp~anes, were it not
that the ease is renderecimoreczomplex.by the statimrightingnc-
znents~ich inoreasa in proportionto. 1#3 . However, consider-
ing only the stabilizingfunction,the total

P
~a of the planes

in questionm~ increaseless rq?idlythsn ~ and therefore
the total weightmay va~ less rapidlythan V. ‘

When, instead,we comsiderthe regime of mcmement along in-
cline& tzajetio~ies,we easLly come to the conclusionthat if we
wisb~ for instance,to maintaixmthe m-mum cltibingspee@.un-
changedl(thatis e~al to horizontalvelocity,the m~mumtsn-
gent of the angle of climb),it is necessaryto increasethe 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 considerthat by increasing V the mo- “
bile part of the horizontalplanes must increasemore rapidly
than the fixedpart. This may lead to notable znodifioationsin
the design which, in turn, will producenew uncertaintiesin the
evaluationof the wei~t itself.

From the various considerationsso far made, we may conclude
that, as a rough approximaticm,the weight of the hori~~tal planes
varies in proportionto V.

For our model we find that the total weizht of the emnenn~es
may be

RUDDER
~on:

—-
expressediby0.043 V.

-w-

CONTROLS.- The foroes acting on the rudder control ables
taken as proportionalto V= s and Iikewisatheir sea-
Their weight is there~oreproportionalto W.
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In our case, comprisingalso the ,.mntroldevices in the pi-
ltits cabin,we have, for the total weight , 0.004 V.”

7. LONGITUDINALl?EAM.

The oom lexity of the foaoes sating on the frsmewozk (lmgi-
7tudinalbe= makes it extremelydifficultto establisha formla

@wing the variation in weight with sufficientappzoximaticn.
We will again refer to the exceptionsmade at the beginning of
this paper and here alsm, for the considerableitem of the weight
Of the air~ip, we must be satisfie&mith a rcugh approximation.

The longitudinalbe= is simultsneously acted upon:

a} By the staticforoes due to the loads it has to sus-
tdn, nsnely, the keels, rudders,power plant, fuel, and useful
loadL

The total weight of all these loads is repxesentetby the
clifferenoe between the total lifting force f V and the sum of
the weights of the envelope,the larger part of the keels, and
part of the stiffenedfr~ewcdc. This weiaht oan. therefore.
&Aly be expressed by a rather czomplexfunc~ion

However, on analyzingthe abovementioned
find that this tots weight may be taken, w%th
of 5~, aspropotiionti to V.

CM the other hand. for obvious reasons it

of-the volume1 ,

expression,we
sn approtimaticm

would be diftii-
oult to vary the vo~um~without alteringthe distributionof load
in the mtiel= Since it is evidently impossibleto provide be-
~ehsndl for suoh variationsand even more impossibleto account
far them, we must inevitablyaccept the simplifyinghypotheses
that the distributionof loa& remainsthe same.

Admittingthis hypothesis,we are justifiedin sayingthat
the forces due to stati~loads are proportionalto V and con-
se~ently, that ~~~ weight of the longitudinalbean increase&in “
proportionto V .

b) By the dynamic forces brought about by the action
of the empeqes. These forces, aooordingto the co~~~dera-
tions made above,must be taken as proportionalto V and
thereforethe increaseof weight in the armature tie to them is
proportional.to V.

o) The dynamic forces due to the thrust of the propel-
lers, or, whi&h iS the seinething, the reaotione= Zcised’bYthe
air on the various parts of the airshipwh en its axis is parsl-
lez to the line of tli@t, This reactionis pmporti onal to
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# ~2
and conseqzently the re-It ing efforts in the armature

vary aocorciingto the ssme law of variatiOn.

We must howevez distin@sh between v oonstsntand v
variable when eval.uating the inorease in weight due to these
forces.

In the fi.rstcase, combiningthe dynamia forces in question
with the maximum.lea~ favorableforces enumeratedin (a) anQ
(b) (calculatingthese by means of variox$hypotheses ~ the
disttibution and value of the useful Ioa& and of the load of fuel.
oil, and ballast) the yesuit is tha% tineincreasein weigh~ in
~~e armature&e %o @oh foroes, remainsal.wayaproportiontito
v.

Things are mucihmore complicatedwhen the velo~ty is taken
as being variable,beosnse in that case, for a sufficientlyhigh
value of that velocity it may hs~pen that, at a given moment,
the reactingform of the thr~st of the propellersin a given
element of the armaturewill prcvatl over the forces a+ b,.’.:
thus giwing rise to an increasein the weight. of tiiatelement,
which does not h~pen,..in the model due to the faot that the sign
of tunem~rnm resuitingeffort is reverseal. Iliis easily under-
stood that, under these czonditions, it is not possibleto ftid
the means of accountingfor SUOh en eventualityy.

However, consideringthat the djmamio foroes of this cate- ‘
gOZ?yare smsll~hen comparedwith tho~ of the two preceding
categories,and ccznsiaeringalso that the velocity limits.at-
tainable are relativelylow, we shallbe able to say,with a de-
gree of approtiiaationsufficientfcr the nature of our study,
that the increasein weight due to the thrust of the propeller
is proportion- to V Ha

In the case of our model, summarilyanalyzingthe effects .
due to the three kinds of forces mentionedabuve,we will con-
siderthat a suffloientlyclear statementof the total weight of
the longitudinalbeam is given by the followingfmmula:

t“
(10-’ * 0.5 v= + 0.022) Y + 0.00236V4’?

.

8S ACCESSORIESOF THE LONGITUDINAL=W~

We shall consideras ac~ssoriea the covering of the beam,
the internalgangway, and the pneumatia 4hock absorbers.

The prevailingforoes are those due to the acticm of the
air. In conseqpenoeof these forces the weight of the oovering
of the beam varies in proportionto V V2 and, for our model
we have : 10-G . 1.3 VV2.
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~ould rememberthat live loads,though rema&-
absolu$evalue, increasenumericallyat least

in the proport$odof VZ’a. The>efoxe, assu?ningthat-the width
of the gangway renainsthe sane and that the number of supports
remain= al

?
the same, the benfing moments,increaseproportion-

ally to W s and likewisethe weight itself.

It is probable,however,that the oonstructorgains in weight
by in=eaaing, if possible,the number of suspensions.of the en-
velope; but, on the otherhands it is probable that this will in-
V Olve increasingthe width of the gangway. In conclusion,
therefore,it seems that we are “ustifiedin assumingthe weight
to vary in the proportionof V=?3 as stated above.

/For our model we have: C).374 . V2 3.

SHOCK ABSORBERS. - The foroesto which the shook absorbersaze
subjecte& are about proportional.to the cubia capacityof the
airshipc We may therefor= assume that their number or length
lnustbe inorease&with increased.cubic capaaity,leavingthe
width unchanged. In that case the total.weight will inoreasein
proportionto W. For our model the value is 0.003 V.

9. ENGINE SETS AND SUPPORTS.

After determiningthe maximum velocity whi@h the airship
must be capable of ttaining,

P
the power requiredmay be taken as

Proportionalto V sUS and in inversenronortionto’.the nro-
peller ef~icien~ :

For our type
sum :

and thereforefor

(1) ‘

We mm admit

If=

of airship,

k =

T = ().7.

N = XI-= ●

expressing

.

v in km/h, we may as- ~

10-= x 10”05

1.5 . V213 ~3 *

that the weight per horsepower,vhioh we will
caU n zeha~ns constant,and we m-&yalgo a-tiitthat the weight
of all the accessories(&diators for water and oil, taken a&
full;piping systen; start~g devices;Controls;instruments;pro-
pellers) is proportionalto the power and averages0.65 kg. per

* For the various types of
have foumd coefficient=
future constmmt ions we
1.4. For Zeppelinsthe

airshipsconstructedhy us so far, we
varying from 1.45 to 2.10. In cur
shall presumablyreach somewherebelow
coefficientis smaller.
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li.~. For e~iws weighing1.20 per h.p~ We maY
the total weight of the engine set to be about

.

thereforeconsider
1.85 kg. per hp.

As reg~ds the s~ports, the foroesto whioh these are sub-
$ected are partly static,pro cwtionalto the weight of the ea-
gine set and thereforeto #3.@ , S@ partly @nsmia propor-
tional to the thrust of the propellers. If we assume,therefore,
that their numbers,remainsunohanged,their weight must increase
in proportionto v.

Suoh an hypothesis is, however,hardly probable,since it is
certainthat, in order to obtain a better distributim of load,
the number of supportsmust be increased. Suoh being the case,
we will simplyassume that their total weight is also propor- ,
tional to the power developedby the engine set which, in our
ease,’is given by 0.25 kg. pez?hp.

Summarizingthe total weight of the engine set we have:

/3 3
10-e 3.15? v

10. MANEUVERINGDEVICES.

The total weight of these devices,and ~~~ecisllyof the
cables, evidentlyvaries in proportionto V .

In point of fact, while the forces are pro orttonalto V, .?the length of the Gables is proportion~ to Vl 3Q

In our case we have: .
/

0.00060 . VA 3

11. LIGHTINGPLAWE, WIRELESSPMN2, ET(L

The eqpipmentof the airship is completedby the lighting
plant,wireless *sta31ati0n, ventilators,safety appliances,
signals,and other minor accessories.

Of these weights some, suoh as that of the wireless instal-
lation, may be assumedto increase slightlywith the oubatureof
the atrship (in faot, it is probable that a wider range of wire-
less mill be reqpired for larger airships]. Other access ries,
such as the lightingplsnt, ?increasein proportionto V2 3;
others, as the ventilatorsand safetyappliances,inczeasein the
ssne ratip as the oubature.



-11-

In the case ~f oux model we have:

/
4.Eivl 3 + 0.19 r’” + 0.007’v

. .

12* PILOT’S GABIN.

The,PiWtSs cabin is pzovided with all the instrumentsre-
quired.for navigationand w$th othernecessaryeqp.ipment.

1% is diffioultto give a definiteratio of the variation of
the weight with the ouba.ture.

To simplifymatters e will asane that the area of the cab-
in is proportionalto VIr. and that the total load als) in-
areases in proportionto @ ●

weight varies in proportionto J?3 :h=;ncg;l:~e;h::ge$?~~

13. PASSENGER CMBXNS.

It is not pbssihle to determinea priori the weigh% of the
passenger o@ins and their equipment,since this must evidently
be proportionalto the number of passengersca~riedZ We ban,
however, includethis weight in the useful Ioadibyadding ~ to
% kg. per passenger.

14. BEN%IINE,OIL, ANISWATER TANKS=

The wetght of these tanks, comprisingtheir supports,amounts
to about 6? of the weight of the li~id contained,therein.

The weight of the water tanks o= be counted in with the
weight of the ballast, and we will xeckonthe weight of the ben-
zine and oil tanks by adding 6% to the weight of the benzine and
oil neede&per kilometer.

We have now evaluatedthe entire weight of the airship it-
self. In order to cionsiderthe airship in flying shape,we must
addthe weight of the orew, spaze parts, reservebs2.la&, bal-
last needed for take off, and the weight of fuel and oil.

3.5. THE CnIElf.

The numbez of men forrningthe oretv dependsnot only on the
oubature of the aizehip,but also on other biroumstames which
are mot possibleto ac@unt for a priori, and we wi3.1thezefore
be satisfied with a rough ~p2Qxdnat ion.
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1 Commander
1 Pilot
1 Mechanic
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needed oonsistsof:

1 Wireless operator.

With increasedoubatureof the airship,we may, generally
spesking~assune that the juurneysundertakenwill be longer and
more fatiguing,and that$ therefore>double shiftswill have to
be pxovi~d fot.

We are therefore justifiedin assumingth t the weight ef a ~?minimumpersonn51will be in prqortion to VL 3.

The total.number of meohanics, less the one include&in the
minimum crew,may be rpghly consideredas propoxtimal to the
pOwer, that is, tO V2 3V3.

There axe also the all-aroundmen who, though not re~i~eci
on a small airship are certainlyindispensableon a large one.
The weight of these may be tsken as proportionalto the otibature
of the airship.

In the case,of our model, includingalso the weight of
clothes and food reserves,we have:

/ /20 Vz 3 -i-10-6 . 0.20 . V2 ‘Va -i-0.003 . v
.

16. SPARE PARTS IOR THE ENGINE SET AND TOOLS.

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

10-= I
●; O*16 * V2 w

3.7. RESERVE BALLAST AND TAKE OFF BALLAST.

t
s we said at the beginning,we shall supposethat naviga-

ti~ s normally startedat an altitudeof abOut 300 m. above sea
level. The‘correspondingLighteningof the airshipwill be ap-
proximatelygiven by ,0.030V.

The reserveballastmay alsO be taken as propoztion~ to the
oubatureand we may say that its weight in kg. is numeriodly ex-
pressed by 4% of the volume expressed in cubio meters.

The total weight of the ballast is thus e~ressed by:

0.030 v + O*Q4O v = 0.070 v,
.
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z%, RESERVE S!I!OOK OF FUEL AND OIL.

It is logical,we believe, that, in order to enmre safe
navigation,the reserve stook of fuel and oil car~ied~st be
large enough to meet all eventualities. This resex~e~~~ be in
proportionto the amount reqgiredfor normal navigation. We
will calwlate this by increasingby K@ the usual cmsurption
per kilometer,or, whioh amountp to the sme thing, the &P3@fic
consumptionper hp.

19. GENERAL FORMULA

Establishing~as we did.
laws governingthe variation

FoR THE USEFUL LIFTINGFORCE.

at the beginning,the approximate
in the weights of the airship,the

armament,and the crew, we find that the total weight, p, of
the airship ready for navigation (exceptithe passengercabins,
the benzzineand-oiltanks, and the reserve stock of benzine and
oil) is ex~ressedin functionof the oubature-d of the Pslo~itY
by &i=ter& respectivelyproportionalto

In Table I (see at the end of this paper) the numerical co-
efficientsof these terms are Summarize and fromthat table we
derive the follovingexcpressiafor P:

(2) P /= 24.5Vl 3 + (3.274+ 10–6 3.51 V3) F’=+ “..” :.

/
+ (0.160i-10-G 3.1 V2) V + 0.0067 V* 3

.

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

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

If we subtractft~*weight P from the total lifting fbrce
at the sea level., we shall obtainthe liftingforce of
mhioh we can dispose fo~ ~he useful load and for the provision of
benzine and oil.needed for navigat~m. We will call this the
USEFUL liftingforae and will representit by 0.

We should recall once more:

lst. That the useful load comprisesmot only the weight

* In our calculationsfor f we shall assume the mean value of.
2100 kg. per cubic meter of gas~

.
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of the passengers,their baggage and food supplies,but also the
weight of the cabins suitablvfittedUP for the n~ber of Passen-
gers that oan be carried.,

2nd. That in the provisim of benzzineand oil is in-
clude&not only that reqviredfor normal navigation,but also a
prqer quaniiityof reserve stock togetherwith the tanks requir-
ed for holding the entireprovisiOn.

putting formula (2) in the general form:

P= /Uyle /
t PV’23

/+YTT+6V4=

we obtain for @ ,

(3) 0 =fv- ( a ~’i” + p~2~3 + y~+ 6V4~a)
. .

This formula showsthat there are two values of V for
whioh ~ = 0$ one very small, the othervery large. Passing
from the first to the secondv~ue, the useful lifting
first inoreases,then, after reachinga msximum~ue,
tmtil it again 6qualf3-zzero.

The v.al.ueof V which correspondsto @ -~~
ediby extractingthe value of V from formula (3) and
eqgal to zero:

(4)

f oroe
decreases.

is obtain-
msking it

/
6V’ s

.

20. VARIATIONs OF THE COEFFICIENT.OF UTILIZATIOITIN FUNG-
TION OF THE CUBATUREAND VELOCITY.

LIMIT REGIMES OF FLIGHT.

We will call ‘coefficientof Utilization~the ratio P be-
tween the useful liftingforce and the total liftingforoe:

(5) p=~
/ /=1-.~(av-a”+ i’3v-13+y.t’ 5-V13~)

Here also, startingfvom a minimum value of V for which
P = O, the value of P increasesrapidlymith the increaseof
cubatureuntil it xeaches a rnazimum. After reachingthis maxi-
mums the va3ue of P detmeases slowly LLown to zezo again for a
rather large value of V.

The values of V for which ~ = O (lowexand up~ex Iimite
of cubature)are obtainedfxom the followingequation:
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(6)’ /NT= UP=+(3TP /3 i- 7V + ~v’~’
. . .

snd, of course,the lower limit is M@er as the velotity is low-
er. In fact, in this case the coefficients ~ and y are small
also, and we have:

B = pl + p~ v=

7 = v’ + Y“ V2
.

In the case of our model we find for these lower limits of
V the followingva3.ues*

at % km/h

at.120 I*

at 150 n

The maximumvalue of P is

@3=~u

from which, neglectingthe first ter&”ofthe secondtmember,we .
obtain as a rou@ approximateion:

We may therefore concludethat WITH INCREASEOF VELOCITY
MAXUMUM DIMINISHES@ TENDS TOWARDS LARGER OUBATUFE.

As a matter of fat+, in our easewe find the followingval-
ues (see Tables 11, 111, IV and diagrams):

at 90 Ian/h max. = 0.450 for V = 35~OOf)rn.3

1112(3 17 n = 0.,345 n V = 60,000m,3

It1~ 11 H = 0.208 ‘; V =125} 000 m.s

We would zemark hexe that, contraryto the ourrent opinion,
the maximum Nues of the coeffieient of utilizationare to be
found fox relativelysmall oubatures,

The upper limit xegimeof flight to which the airmip c=
steadilylift itself (assumingthat the~e is no ohs.ngeIn equi-
Zibriunbetwqqmthe internaland exteznaltemperature)is that
for which the correspondingvalue Of the air density *S in the

>gakding the possibilityof pract.ic~ly realizingthese u@imum
values of cubature~the reservationsand observationsmade at the
beginning of this study a~ply here also.
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same ratio to the density of the air at sea level as P tofv.
This limit thus depends essenti~ Iy on the value of P -

Consideringthe mean conditionsof temperatureand atmos-
pheric pressure, and assuminga constantdifferenceof tempera-
ture of 0.0055 centigrade per meter, we find the followirgvsl-
ues which hame been computed.takinginto account a3s0 the first
300 meters elevation.

for P = 0.20 H max. = 3430 m. above sea level.

n 0.25

1! 0.30

n 0.35

11 0.0

n O*45

It 0.55

and in the case of our model,
m- giwen above,we find:

n 3050 n n n

11 3700 t? n It

n 4380 n n n

n 5120 1? n u

n 5870 11 11 n

n 6700 n n It.

oorzespondingto the values of ~ i

at 90 km/h V = 35,000 H max. = 5670 m.

n 120 11 v = ~,~~ n = 4260 m.

~150n V = 125,Q00 n = 2450 m.

21. (IFTHKJMOUBA!I!URE.CONSUMPTIONPER KILOME~R.

For the balloon the optimum cubatureis evidentlygiven by
the maximum value of the coefficientof utilization.

As a matter of fact, for p ms& the useful load is raised
to a given height whioh is m-um, ~d the altitudeto which a
given usef@. load..csn be raisedi$s also maximum.

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

If we call P the lifting force per cubic meter reqyzireci
for the useful loa& and u the apply of bennine and oil re-
wired per kilometer,we shallbe able t,omeasure the UNIT VELOO-
ITY of the airshipby:

,* fp” Pu
u
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which representsthe maximum distanoe L over which the Mad
P~ can be csxxied.

As we must first establisha valu Of P, we will take that
which gives the maxdniumvalue of L X pu. This ~imun is ev-
identlyobtainedwhen the useful lifting force, P t, is equally
distribute&between the useful load and the supplyof fuel and
oil. We will thereforeassume as the ratio of the unit efficien-
cy of the airship,the value:

(7)

We will now determinethe value Of c in the hypothesis
that THE NORMAL VELOCITY OF NAVIGATION, v , 1S EU3TAZNE?DBY
UTILZ%INGHALF OF THE AVAILABLEPOWER, tha~ is:

We shall then have:

‘o = 0.794V

and therefore:
No ~ ~2/3v2

—=Tm~o

We will assume that the engineplant oonsumesabout 2EKlgrs.
of be=ine and oil per hp/h. In orderto oabulate the total
supplyof benzine and oil needed, we will add’30~ to the normal
consumpticm,and in orderto calculatethe total weight we must
also take into aocount the weights of the containerswhi& we
have avaluated.at 6% of’the total weight of fuel and oil. We
shall then~.have per hp./h. a weight of

(0.2E0 + 0.075) X 1.06 = 0.345 kg.

and thereforethe total ~eight per kilometerwill be given by:

c1= 0.34!5~
‘o

and assumingfoz ~ the value 10-6 1.5 we obtain:

(8) = 10-9
/

c x 326X V2 3V2

and substitutingin the eqpressi.on of c :

(9)
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~e OPTIMUMCUBATUREis that for
value. It is obtainedby soltingthe

which c assumes its maximum
follomhg e~atiCM:

(lo) /
a’(f-y)T=4c@3+-3, p W /2 + ~ ~4/3

. .
We shouldnot be surprisedthat we find some very low values. ‘

In fao% it is evidenttthat the Optimwnoubaturemust alwaysbe
less than the one oorr~;gd;;g
oause for larger cub.

fwhile the numerator ecreases.

In our case we find:

to the maximumvalue of @, be-
denominatorof g inareases,

. for 90 ku/h. : optimun oubatura= N 5,000

‘T 320 “ : It 11 = -M, ooo

“1!%”: n 1! “ -30,000

If we now oonsiderthe velocity only as variable,it is ob-
vicus that efficiencydiminisheswith the increaseof velocity,
that is, there does not exist an OPTIMUMVALUE OF VELOCITY out-
side of ze o for which effiaienuybecsomesmaximum.

%#-
And in fact,

‘ if in = = we expressthe coefficients@ and Y in funtiion
Vv

of the velocity:

.

b~
Y =V’-vfv = 0.160 + 10-= 3.20 V2

. .

and then make: I

& :&)b. /
we find:

/ / /
v3=- ~f-y ’}vz3-a v-33- 5V23- ~’

2 13=

whLohJ for greater dearness, we may write:

from which we sea that the exi@&e of an
~elocity differentfrorrizero is contingent

.

Optimznvalue of-the ‘
on the condition:
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f v < a VJ’ + p’v’~’ + y’~ + ~v4/3

whimh aan never be attainedbemuse we should also have:

fv<P

22● CUBATURE OF MINIMUM CONSUMPTION. DI~ANCE LIMITS.

When we oome to considerthe efficiencyof the airship sole~y
from a meohanicxdpoint of hiew, we find that fOr each ~e~oc~tY
there is a oertain cubaturewhich permits of carryingthe unit of
useful weight to the unit of distanoewith a minimum expenditure
of energy, that is, with a minimum consumptionof fuel.

Let P be the maximumuseful load which an airship csn car-
ry to a dis%nce L. The mwumpticm of fuel per kilogrameter
will be given by:

&=+
PJ u

We will assume, as before, that the useful liftingforce is
equallydistributedbetweenthe useful load and the SUPPIY of fuel
and 0$1 in suoh a way as to give PUL its maximumvalue.

In suoh a ease
to:

that is. in inverse

the oonsumptlm per kgm. will be proportional

+-

Prmortim to the maximum distanoewhich the..
airship aan cover w~th-at any useful load. We will csll this
dist~Qe the I’LIMITDISTANUIU● .

It is evidentthat there ezists a value of V for whioh the
unit consumptionis minimum and thereforethe distanoelimit is
maximum, in faot, we have only to considerthat if the oubature
inoreasesindefinitely,the useful liftingfOrOO will finally
reauh zero$”while c alw~s has a positivevalue.

We will determinethe value of this OUBATUREOF MINIMUM CON-
SUMPTION,whioh we may also oall the OUBATURE OF MAXZMUM RANGE.

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

,.

Solvingthis e~ation for the volume and taking it as equal
to zero we find:
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(12)

an e~ation which, solvedfor T, gives the value of the cubature
of minimum czonsamption.

/
This value being very high, the terms a VI a may be conside-

red. as negligible,and then we have only:
------

(13) ,=sJ?*

a resuit which may be enu.ndate& thus: THE LINEAR DIMENSIONSOF
THE AIRSHIP OF MINIMUM CONSUMPTIONVARY LINEARLYWITH THE C!OEJ?-
FIC?IENTY AND THl$REFOREWITH THE ~UARE OF THE VELOCITY AND IN-
CREASE AS THE VELOCITY DIMINIsHES.

= point of fact, having, for am model:

tOr 90 km/h

‘1 120 u

‘t 150 n

and25 = 0.0134, we find:

for 90 km/h

II i20 ~

“ 150 “

f- y = 0.915

n = 0.896

n = 0.870

.. oubatureof min. cons.=“-~ 318000ru3

.. n.nll n = y 299000m3

. n. n II n =- 274000m3

a3● LIMIT VELOOITY.

For eaoh cubature, the airship is designed.for reachinga
certainmaxim velocitywhioh cannotbe exceede~ This limit
value is at once obtainedby ~ lting for w the e~ation: P = f V.

Taking as a basis the e~ressions of P gimen by formula (2)
we find, for our model, the follow,hngvalues:

v= 1,000 nP Velocity limit = 92.5 km/h

~. 5,000 nis n n =’133 ‘

v= 10,OOC)m3 n k = 148 ‘t

v= 5Q)O00 IIF n n = 173 n

v = 100,000m= 11 1! = 181 11

I
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V= 200,000ms Velobity limit = 185 km/h

v= 300;000m~ n 1! = 185 “

v= #)0,000’m3 n 11 = 17’8 “

As ‘wesee.,the limit‘velocity“first increasesrapid~y-wktli
the increaseof cubature,then, aftea reaohingamsxitnum”of,185
km/h. for a cubature of from 200,000 to 300,000 cubicmeters,
slowlydecreases+

In praotice,,of cmurse,these values of absolutemaximuh of “
velooity shouldnot be reaohed; in fact, they shouldnot even be
approached.

24. INFLUEI!JOEOF THE COEFF’10IENT OF RESISTtiCEAND OF
PROPELLEREFFICIENCY.

In the general expressionof P given in formula (2t) the
only term tiidh depends on the power, and thereforeon the coef-
fieient~ofresistance k as well as on the propellexeffioiezmy
.ns i= .

“.

P being proportiaal to N and”oon~equentlytiso to $’. ‘

“Itis therefor~eqsy to see the effectsproducedby avaria-
ti~ of the ratio

n“ ‘ “
As regaxdsthe ooefticientof utiliiatiop:P, of cWr6e it

incmeasea.as k diminishesand vice versa.w More exactly,we may
say that, for a given o~baturq,the variation.followsa linear.
lam, as:.isshownby the gen~al expressi.dnfor P . We may ‘kxld
that the varia ion is more rapid for small oubatuzes5for whioh
the term 7~ V2 3 acquiresgreater importanoswith respectto the
other terms.

BThe approximateexpression V2~3 = ~ whioh gives~he oubat~re
correspondtigto p maximum,thus showsthat with inorea~eof ~ ,
P maximum id obtainedfor a larger oubature,snd when
c?reases,p bxsimum tends towards a smalleroubature~

~ de- .

The CUBA!HJREOF MINIMUM CXX?EUMPTIONOR MAXIMUMRANGE remains
unchange& This is olesx~yshownby formula (13) in * ioh V is
independentof ~.

On the other hand, we have notablevariationsin the distance
limit given by formula (11}. Indicatingby A a numerical coef-
fioient,this may be put in the followingfore’:

.



=d fzom this it clearly resuits that when k inoreases, the num-
Zerator deoreasesand, at the same time, the .enomtnatorin reases,

and therefoze Lmm decreases. EOn the other hand, when de-
creases$the numerator increasesand the denominatordeore%es,
that is to ssy~ L- increases.

Fina31y,the limit velotity also varies with ~, inoreae-
ing as ~ decreases. ~

25. VARZATIONS OF THE LIMITS OF DISTANGE AND VELOCITY
FOR S4ALL VARIATIONSOF VOLUME.

In order to show more clearlythe influenceof the increase
of velocity and range on the cost of operationof aetial trans-
port, we will oonsidera clifferenee in volume sufficientIT,;small
to enable us to assume that fox all intermediatecubaturesthe
ooeffid.entof utilization, p , remains just shout constant.
This we can always do, even for rather large differencesin vol-
ume, when, for inetante, we considerthe region of the maximum
value of p .

The distanoelimit, in the above hypothesisis given by: ‘

and therefoxe

(14) J
v= ++= v= Lanwz

tzom whioh we may concludethat for small variationsin volume,
the volume is proportionalto the cube of the ratio to the
sixthpowes of the velooity and to the cube of the di%anoe.
This last xesuit may also be enunciatedin a suggesttve form as
follows; THE LENGTH OF THE AIR$HIP IS PROPORTIOIJALTO THE M&II-
MUM DISTANGETHAT IT CAN CCWER.

Thus,for instante, in arder to increasethe distance limit
by only 16%, we must increasethe volume
to increasethe velooityby only 5%, the
ed by 35$.

by 33?, and if We wish
oubaturemust be tncreas-
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Of coursethe resultsare even more unfavorableif, in the
differencesof volzpneconsidered,the value of p decreases,as
is the case when thisdifferenceis on the right hand side of the
oubaturefor whioh p is maxdmum. ‘

26. DETERMINATIONOF THE MINIMUM CUBATURE
REQUIREDFOR A GIVEN TRIP.

The data of the problem are: the number of passengers. nos
and the distanoe Lo? to be coveredwithout landing.

b roundfigures we may take 100 k for the weight of each
passenger, comprising thereinhis part of the weight of the cabin
and cabin fittingsand also his part

Then, taking V as the unknown

putttig more briefly:

B=&

of the foodstuffs.

cubature,we shallhave:

/Yv - 6V43. 1*4
1

~ T72

= no

The precedingequation solved for V, gives the required
oubaturein functionof Lo and no.

We may now ask what veZue of V renders
value of Lo being established.

Solvingthe first member of the equation
eqyal to zero, me find:

no maximum, the
.

and taking it as

Lo
-$ *

If we oomparethis equationwith equation (4),we see, as we
might have anticipated,that the volume V for which no is max-
imum, is always less than that for which @ is maximum and that
the differenceof volume between no max. and @ max. is less as
the distanoe Lo is shorter. We may thereforededuce that fo~
small values of Lo, the valus Qf V correspondingto n
mum is greater than the oubature of minimum consumption. &l %%;
words, this cubature cannot,in @neral, be consideredas a limit
cubature,a$mightappear at a first glanoe.

The use of tables and diagrams gives a rapid solutionof the
problem, as we shall show by a few exmples.
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lst. Let us considerthe transportatim of 100 passen-
gers (weight,10,000 kg.) in a non-stop flight from Rome to New
York, (distanceabout’7200 km.).

From the table we find that it idnot possibleto use airships
havimg a mtimm velocity of 120 km/h.’:and d,ill less those of
150 km/h. We will thereforesupposethat we have v = 90 km/h.,
and consequently Yo, normal veloqity of navigation, equal to
about 71.5 km/h.

Glancing at the table,we may concludethat the required
cubature (certainlygreaterth~ 80,000 cubic meters siaoe for
this value we have- %ax =
and 150,000 cubicmeters.

for 100,000 7n.3

‘1 150,000 m3

7231 km.) is comprised between 100,000
Zn point of fad, we have: “

@-c’Lo= 5,800 kg. ““

U‘: ‘=12,380 kg. “ “

Consideringthat we must have: @ “-c Lo”= 10,000,by a sim-
ple interpolationwe at onoe obtain:

~= - 132,000 Ms
,,

The number of passengersmhioh can be oarried over t’hedis-
tanoe statedabove by airshipsvarying in cubaturefrmn 80,000

s to 3!33,000m=, is as fOllOws:

v= 80,000 no= w 1

y = 100,000 n = 58

n = lm,ooc) n = 124

n = 200,000 n = 182

n = ~o,)Qo n = 270

n = 350,000 Ii = 300

2nd. In the previous ease, supposethat we make a stop
at the Azioresfor the purpose of taking in fuel. Under these
conditionsthe maxim distanoe is reducedto ab~ut 3,700 km.,
~d the ctibaturefor v = 90 km/h., to 45,000m , instead of
132,000 as in the first ease.

Let us considerthe line London-Paris-Marseilles-
Rome-Napl~~~aranto-Cairo,with stops at Lmdon, Rome, Taranto
and Cairo.



-25-

There will be non-stopflightEhaving the followinglengths:

London-Rome 1625 km.

Rae -Taranto 460 km.

Taranto-Cairo 1700 km.

Adoptingairships of 120 km/h., we find that with a cubat-ure
of 50,000 ms we ox carry 80 passengers,and with a cubatureof
100,000 we can camy 200 passengers,covering the entire distante
in about 40 hours~ flight.

4th. Supposewe have a passenger servicebetween Milan
in Italy and Alexandriain Egypt (distanceabout 2,400 km.) op-
erated by airshipshavin

d
a maximum veloaity of 120 km/h. and a

normal velocity of 95 h.

For a ncn-stop flight,we have at mce from the table:

for 40,000’m3 ‘o = 17

“ 60JOO0zn3 11 = 55

n 80,000ms n = 93

But supposethat we make a stiopat Tarsnto (Milan-Taranto,
875 km.; Taranto-AleX~dria, 1535 km.), the m~mum distanceto
be covered in a non-step flight is reduce&from 2,400 to 1,525
km. and we have:

for 40,000ms *O = 59

CONCLUSIONS.

1. The results we have reached in this imve& ‘@ation fully
confinn the essentialpoints chsxacterizIng the airship: a fly-
ing machine relativelyslow,but capableof osrryinga large
useful load over a long distance.

i

Yhese characteristios are the centrary of those of the air-
plane, which, in the present state of aerial technicaldata, is
a machine essentiallyfast, but which can only carry a relative-
~y small useful load over a rekt ively short distante.
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Theze Zs, the$efore,no reason to talk about competitionbe=
tween these t;tomeans of aerial locomotim, sincethey are so es=
sentiallydifferentfrczneach other,each having its own definite
field of activity,the one serving to completethe other, The
co-existenceof airshipsand airplanesforms a completesolution
of the problem of aerial.navigation.

The adventages of airshipsof large cubatursare so evident
as to justifythe greatesthqes for their inmediatefuture. It
shouldbe remarkedthat it is not t00 much tO hupe that the lim-
its we have found, and which are alreadypretty large,will be
exceeded in actualpractice, since’in our investigateicm we have
abstainedfrom cons ideringthe develqments whia may confident-
Iy be expectedfrom the genius of inventorsand the &ill of oon-
struators.

Even without taking these probable developmentsinto acoount,
though they axe by no means negligiblequantities,we see that
there is a’certainlimit to the advantagesof large cubature.

this limitationis due, essentially,to the gradual decrease
of the coeff’ioientof utilizationand CONSJ3@ENTLYOF THE MAHMUM
ALTITUDE OF FLIGH’T. By increasingthe oubaturebeyond the point
correspendingto p maximum, (whichour caloulations show to be
much smallerthan is common~ybelieved),the maximum altitudeof
the airshipgoes on decreasing,in spite of the fact that the
range of autiorlin a horizontalplane and the useful load go on
increasing.

Now, the possibilityof rapid climb is undoubtedlyen essen-
tial faotor of securityof aerial navigation@ the ease of
storms.

The other faotor of security is veloaity. To run ahead of a
storm is anotherway 4 avoiding it.

High altitudead high speed are, however, antLthetical
terms. It is possible to build airshipscapable of rising to
high altitudes,but they will, necesssxily,have low veloaity,
just a$$t is possible to build.airehipshaving high speed,but
having a Zow ceiling.

Our investigaticmleadsus to ooncludethat azns.ximumveloc-
ity of 1201m/h. is as far as we ought to go. This figure csn
only be exeeededby excessivereductionof altitudeof oeiling$
range of flight, and useful load.

Now, at 120 km/h., for a cubature of 200,000 oub,icmeters,
we have a coefficientof utilizationof 0.31. Which. includirm
the 300 m. of initialrise,
4,000 m. altitude,reached,

correspondsto a-ceilingof about-
however,with a zero useful lCUUIaud



.

-27-

at the end of the flight only, after having consumedthe entire
supply of benzine and oil. This ceiling is evidentlyof rela-
tively low altitude,and we should thereforeconsiderthe advis-
ability of exceedingthe above given cubature for airshipsof
this type. .

Of course,with decreasetivelocitythere would be an improve-
ment. For instance,with the same cubatureof 200,000 cubic me-
ters and a speed of 90 km/h-, the ceilingwould be at about 5,000
m. The gain in altitudewould not, however, altogethercmPen-
sate for the pronounceddecrease of maximum velocity.

2. We will now considerthe use af the airshipin a public
passenger service.

The essentialre~isites of a public transportserviceare
safety and regularityof service.

The first of these re~irements can undoubtedlybe.met. We
have only to adopt a cubaturelarge enough for realizingthe fol-
lowing three conditions: (a] the certaintyof being able to rise ~
rapidlyto a height of 1500 or 2000 m. right at the beginningof
navigation; (b) a fuel reserve sufficientlyample to enable the
ship to sail for muoh longer than the anticipatedtime, should
this be requiredby the atmosphericconditions;(c) the possibil-,,
ity of developinga relativelyhigh mamum speed. .

When these three conditions~e satisfiedwe may say without
fear of exaggerationtkt AERIA.LNAVIGATIONBY AIRSHIPS SS SAFER
THAN MARITIMENAVIGATION. As a matter of faetj a ship on the
water cannot rise abave the gale as an airship can.

The necessityof satisfyfigail three ocmdi$icnsat the same
the, leads us to conclude,on the basis of our dalctllations,
that under the present conditionsof aerotechnicsit is not ad-
visable with airshipsused for passenger service,to exceed a nor-
mal flying speed of 20 or 90 km/h. or a non-stop flight of more
than 3000 to 4000 km. In other words$ we are convincedthat the
best oubatureto adopt is not that which aims at increasingthe
length of non-stop flights or of the speed.of flight,but rather
that which aims at safety in navigationby increasingthe supply
of benaine and the amount of ballast.

The req@.siteof regularity,meaning thereby startingand
arrivingat scheduletime, is, for the airship, ~ntimate~ycon-
neoted with the questionof safe navigation,since,when this is
assuredwe may, in a largemeasure, count on the flightbeing
accomplishedwithin the stated time. It cannotzhoweter,be de-
nied that, aerialnavigationbeing still large~y dependenton at-
mospheric conditions,a strict adherenceto scheduletime oan on-
ly be guaranteed..if the service is limitedto the most favorable
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season of the year, tbough it may be remarked-that the regularity
of the maritime servioe is also influencedby weather aondiiiom
in a certainmeasure.

We may hope that airshipswill be muoh less affectedby
westher conditionswhen, in the near future,the problem of me-
chanicalmooring, housing>and gettingthe ~ ip out of its ha.ngax,
has been satisfaator~ly ~olved.

3. It is thus possibleto assure en airship service offering
the most absoluteguaranteesfor seourityof flightand also,
within praotical limits, regularityof service. We must now mn-
sider the qgestion from the economical point of wiew.

We do not deem it neoessaryto enter here into an analysis
of the unit cost of aerialtransportation, but we may certairily
affirm that, in most cases,the cost of aerial transportwill
necessarilybe greater*thm trmsport by land or water, especi-
ally when, as in a public service,satisfacto@-:y~gularity and
absolute safetyare rewired. ..

“But in judgingthe economica3aspect of transportatiOn,we
must oonsidernot only Gash outlay,but also mother essential
faotor,namely, speed.

Consideringthe questionfrom this point of view, we shall
not be so foolish as to pretend that the airship competeswith
the railway or motor-carunleas (and suoh cases are not rare) over
difficultor mountainouscountry or where business is limited.
In these cases the aerial servicewculd show a considerablesav-
ing of time as comparedwith other means of transport,either on
acoount of the airshipbeing able to take the most direct rwte
or on account of greater speed.

Also, we need not be surprisedif”in such oharaoteristio
cases the cost of aerialtransport shouldprove to be less than
the oost of trsnsportby rail or motor-oar. For instance,if
the line is intendedto link up two places diffioultof acoess,
far distant from each other,and having only sufficientbusiness
to warrant, say> a hi-weekly servioe. Under these conditionsit
is quite oertain that the oost of establishingand runningan
aerial line would be muiohless than that of Laying a railway or ,
mslctigmutes for motoz-cars.

Exoept for the exceptionaloases just mentioned,we believe
that AN AERIAL SERVICEWITH AIRSHIPS IS ESPECIALLYAND PARTICU-
LARLY SUITABLEFOR FLIGHTS OVER LARGE EXPANSES OF WATER.
* And greatergenerallywith airplsnesthan with airships. This

statementmay seem, at first sight,rather p~adoxical, but
it can easilybe proved by even a summary analysisof the oost
of transport●
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We nmst here
distanceflights.

In the fizst

distinguishbetween short distsnce~.emdlong

case. it is evident that we can attain a high
flying speed,thereby ~btaininga considerableadvantageover-the
usual maritime service,whether over &eas or lakes. Such may be
the case, for instance,for a line Rome-Cagliari,or Rome-Tripoli,
or Rcme-Palermo. .

For a longer distance,we must, on account of the reasons
given above, zeduce our speed,but, in any case, we may take it
that the journeywill be completedin about half of the time re-
quiredby the fastest ships.

The qpestic)nnow ariseswhether this gain in speed as mxn-
pared with maritimenavigationis suoh as to compensatefor the
greater cost and the inevitabledecreasein comfort. ‘

The answer to this query cannotbe doubtful. When the safety
of the journey.is assuredand there are regulardepartures (two
conditionswhioh, as we have seen, can be aompliedwith) passen-
gers will certainlynot be I.aoking.

Concerningthe questionof departuresat statedtimes, we may
remark that for long jou”kneysover the seas punctualityin leaP-
ing accordingto a pre-~r~ged time-tale is of less imporiiance
thsn for short journeys. That is to say, the departureof an
airshipneed not be apnouncedmuoh ahead of the time, nor need
the departuresbe arr~ed acoordingto a fixed time-table. It
will be sufficientif the time of departureis announcedtwo or
three days beforehand,so as to give intendingpassengerstime to
prepare, and to decide whether they will travelby air or by the
usual maritime setiice. This considerationis of some import-

sinoe it meets the objectionraised that aerial transport
b%%&, as it is, dependenton the weather, c~ot compete commex-
.ois31ywith znari.timenaviga.tia.

4. THE AIRSHIPFOR TOURISTS.

In this field the airshiphas a unique yosition, surpassing
even the airplane. The airshiptoutist service cannot fail to
develop and flourish stnoe it requiresonly a smatl capitaland
oombineslargeprofits with absolute securityof investment.

Such a service is espeoielly important in oountries like
Italy,where there is always a great influx of visitozsfrom
abroad. We are convincedthat a well organizedsystem of touring
airships,espeoid.ly in tourist centers,would not only be suc-
cessfulfrom an investor’spoint of wiew, but w~ld also reaot
favorably~ the general econ~ic conditionsof the country.
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The followingconsiderationsjustifythe
ist servicewith airshipsis capableof being
the most favorableconditions.

theory that a tcur-
developedunder

lst. The sensatim of absolute securitygiven by an ai.x-
ship in comparisonwith that felt in other modes of f1ight, can-
not fail to attract a large rnmi-berof tourists.

2nd. For passengertransportthe airship offersmuch
greater convenienceand comfortth~ the airp~~e; ~so ~ the
airship cen S1om down during flight or even remain stationaryin
the air, thus allowing greater enjoyment of the panorsma.

3rd. The risks of navigation are reducedto a minimum,
or even al.together eliainated, since the tourist servicewill
-m~y q?erate in suitableweather.

4th. The cost of terminal stations,matezial snd per-
sonnel are reduce&to a minimum, especiallyfor short distance
flights such as Rome-Iis@es,Bay of Naples, the ItalianRiviera,
Sicily>eto. For longer flights, such as Rome-Constantinople,
Rome-Cairo~Rome-Paris,etc., these itemswill amount to more.

5th. Consideringthe olass of passengerswho will be
catered for, the rates chargedmay be fixed at a sufficientlyze-
munerattve figure.

5. RIGID AND SEMI-RIGIDAIRSHIPSO

We will concludethis study by a rapid mmparison betwesn
the two types of airshipswhich are todhy contendingfor ~prem-
acy% the semi-rigidItaliantype and the rigid German type.

Of the Italian semi-rigidtype there are :,twoclasses, one
having an articulatedlongitu&inalbeam, the other, a rigid lon-
gitudinalbeam. .

While for small cubatures,the absolute superiorityof our “
articulatedbeam type is general.lY reccgnized (andprmed by the
numezous xeqyests frcm foreignGovernmentsfor sample airships of
this type and the appreoiatims of them expresse& in the official
organs of those Governments;~ many experts and ewecLa~lY -Y
amateursmaintain that, even for large cubatureS$ the Italian
semi-rigidtype can successfullyacznpetewith the German rigid
tree.
* tir AeronauticalConst~ction Works has just co~leted sa M type
airship for England, and two O types, one for %* u.S*A., t~
othez for the Argentine. Another of the seinetype is being built
for Spain. The O type, derived from the P type, (Crocco-Riccal-
doni) may be cozmsideredas the mo~ successfulof It~ian sma31
cubatureair~ i.ps. It was designedby EngineersPesos and Nobikz.
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Though there may be a doubt in the matter as regardsthe ar-
tioulate”dtype, there can be none whatever as regardsthe rigid
type, as,slmwnby the brilliant suocessof our experiencewith our
first T type airship. We are convincedthat to whatever dimen-
sions cur T t pe may be increaseci(withinthe limits suggested

Yin this study we shall always find that the particularcharacter-
isticswhich constituteits fundamentallygood qualitiesaze nOt
only preserve% but even accentuated,

Of course,we do not say that great increaseof cubaturecan
be made without giving rise to difficulties~ When the oubature
exoeeds 100,000 cubio meters the problems of corcstruationand as-
semblagetake on a certainimportance,but though these problems
may be diffioultof solutim they are never such as to leadltoun-
favorableconditions.

We cmnsiderthat the essentialreaan why cur type is supez-
ioz to the German, lies in the conoq?tionof the rfgi~tY itse~f~.
In the German type, the whole of the external surfaoeis made rig-
id, even where the naturalpressure of the gas is sufficientto
preserve the shape. The Italiansonly make rigid those parts
whioh really require suoh treatment,thus greatly si~lifying cOp-
struotionand assemblingw;hichmore than compensatesfor the
slight disadvantageof a less penetratingform. Moreover, as re-
gards the preservationof the form, the rigid type does not ap-
pear to have much advantageover the Italian semi-rigid,since,
with the rigidbow of the T type the excess pressure of the gas
in the envelopea- be maintained relatively10W, without fear.
of any inccmreniencearisingeither tiringnavigation or during
mooring Qerat ions.

\ The superiority of the ItsJ.i= conception appears,however,
not merely in simpler mnstruoiion, hut alla, and more e speoi-
ally, in greater strength. This is evidentwhen we comparethe
HUGE, DELICATE,FRAGILE ARRANGEMENTformedby the metallic frsme-
work of the Zeppelinswith THE SRONG, 13LASTIG BACKBONE forined
by the 10ngitu&inalbeam of the Italiantype. This baokbone is
STRONGbecause its parts, being relativelysmall and exposedto
great forces,have a zesistanoewhioh we shall seek in vain in
the frameworkOE the Zeppelin. Xt is lZLAST1~,because its artiG-
ulated.joints,the pecxliarcharaoteristic of our longitudinal
beam, give it an blasticity which enablesthe aiz=p tQ withstand
shocks-andbumps, while the Zeppelin,as experienoe-
eannot support such sho&s without seriousdamage.

These are the two most importantadvantagesof
type over the German type. We may alml mentim the

Ist. Rapidity aridcertaintyin designing.

has proved,

the Ital.i6n
fOllowing:

2ncL R@di.ty of constzuction
ials of currentuse and

and utilizationof rnater-
mnst ant charaoteristios.
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3rd. Great rapidityand simplicityof mounting.

4th. Possibilityof taking the aizshipto pieces rapid~
@ither for Wrposes of storage or transportwhen it is not ad-
visable to send it under its own power. We may note that the Zep-
pelin csxmotbe taken apart.

5th* Possibilityin tbe future of assemblingthe airship
outsidethe hangar. In fact, the assemblingof cur longitudinal“
beam completewith all its aocess.ories,comprisingthe stiffening
of the bow, the power plant, rudders,etc., aan be done without
inconvenienaain the cpen air if it is proteote~from the weather
by a tempor~ cwering of limited d3men&ons. When the rigi&
part is assembled-wemn, given favoxableconditionsand fine
weather,proceed.rapidlyto the inflationof the envelopeand to
its connectionwith the rigid part. After this, the aix~ip may
be ready in a few days, if not to fly, at least to be moored so
that the final adjustmentsmay be made without danger.

6th. Great faoilityof inspeotion snd repairingof sin-
gle metallicparts. This considerableadvantagearises immedi-
ately from the fact that the rigid part ooccupiesonly a small
spaoe$and ah that the various parts are articulatedtogether’,
so that a damagedpart can easily be ohamged.

‘7th. Lower cost of constructionand assembling. We need .
not dwell on this point. Greater rapidityof construationand

1 assemblingtogethezwith the use of currentmate~ialsmust conduce
to a lowez cost of production.

This advsntage, however,must be set off againstthe cost of ,,
operation. As a matter of fact, in th~ Italiantype, when, from
any cause,the gas bag becomes inefficient,it must be’entirely
renewed, It is oertai~ that to ohange-one of the gas compart-
ments of the Zeppe..linis a mush less oostly operation,but, on
the other hand, when we considet that the oost of upkeep of the

“ rigid part is much less in the Italiantype, we come to the con-
clusionth~, on the whole, the upkeep of a Zeppelinis more
costlythan the upkeep of an Italian air8hip,

In summingup ell the advantagesof sn Italianairship over
a Zeppelin,we must, however,admitthat in one point the latter
are superiox,namely, in the coefftoientof head resistance.
But we are convinoecithat this inferioritywill = on be eliminated
by successiveimprovementsin the Italiantype of airships.

Rome, December,3.920.
Traslated by Paris Office,N.A.C.A.
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TABLE 1.

OF THE VARIOUS PARTS

J.NFUNCTION OF VOLUME

.,
(p in kg.; W inm~’; v in

fw-pw)+” ++/

AND

+Y

AIRSHIP

SPEED.

“v=) v

km/h.)

-f- ~ V’/’
.

Envelopewith al1 aaces-
sory organs in~luding :
valves and valve eon- :
trols ..

.

Stiffeningof ‘bow

Stabilizersmd rudders;
with controls.

Longitud.inQBesm

Aocesseries of longit-
udinal beam (cover-
ing, gangway, *oak
absorbers

Power plant
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Maneuvering

with sup-

devicee

Plant for lighting,
wireless,ventilators
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.
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.
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✎
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✎
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●
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.
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✎

✎

✎

✎

✎

✎
✎

✟
✎

✎

●

✎
✎

●

✎

✎
✎

✚

✌
✌

●
✎

:
●

✎

✎
●

✎
✎

●
✎

✎
✎
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✎

✎
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TABIJl I (’Cent.)

OF THE VARIOUS PAR1’SOF THE AIRSHIP

IN FUNCTION OF VO- AND SPEED*

(P ii kg.; Yinzn.3; v in km/h.}

● ●

● ●

Envelope with al1 ao- :
cesso-~ organs includ.-:
ifigvalves ad valve :
Coiitmozs ... .
Stiffeningof bow ~

.
Stabilizersand rudders;
with oontrols ..

.G
LongitudinalBeam :

.
‘Amessories of longi- ~

tudinal besm (oovering:
gemgway, shock absorb-:
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Power plant
pozts-

Maneuvering

mi’thSUp-

devices

Plat for lighting,
wireless,ventilators
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Engine span psxts
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✎
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✎
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✎
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✎
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TA13LE11.

?kdxnun Velocity, 80 km/h.

Normal Velo@ty of Fllight,about 72 km/h.

:Useful :Coeffic-:Fuel& : Limit : No. of :No. of
:liftin : “

?
zent Of :Oi~per:dist~ce:pas~engers:Pas=n-

Oubature:fo~cs fOr:u%iliza-: ht : :for 1000 kmgers for
:f = 1100 : tion : . .. . :5000-km.
: kg/n.3 : .’ . . .. . . ●

. . . . .. :
vm3; @leg. :

.
P . : Lkm. :c &g.. .

+ . .

5,000
10,000
15;000
20,000
25,000
30,000
35,000
40,000
45;000
50,000
60.000
70;000
80,000
90,000
100;000
125,000
150,000
1’75,000
200,000
225,000
250,000
275,000
300,000
325,000
350,000

..

..

..

..

..

..
:
..
..
..
..
..
..
..
..
..
..
:
.
●

✌
●

b
●

$

t

.

.

.

.

.

&

1,877
4.47’2
7;095
9,760
12;2’?5
Z4,83.3
17.312
19;‘7?’5
22,203
24;539
29,264
33,8G6
38,226
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46*(Z9
56,693
66,(NJ3
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83,X8
93.,~.~~
98,5&
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112,164
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: 0.3411 : 0.772: ~,431 :
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: 0.4497 : 2*826; 6,126 :
: ~f~~~ : 3.089: 6,402 :
: 0.4485 : 3.341: 6,645 :
: 0.4“171: 3.584: 6.861 :
: 0.4434 : 4.04’?:7,231 :
: 0.4A90 : 4.485 7,538 :
: 0.4344 : 4.903: ‘?,736 :
: 0.4283 : 5.30&. 7,995 :
: 0.4245 : 5.630: 8,207 :
: 0.4323 : 6.602: 8,5%7 :
: ~.$lf,~5: 7.456: 8.,S63 :
: 0.3893 : 8.2S3: 9,W?J7 :
: 0.3’784: 9.032: 9,=8 :
: 0.3681 : 9.77Q: 9,326 :
: 0435s3 : 10.4X]:9,~J3 2
: 0.3’WS : 11.139:9,450 :
: 0.3399 : 11.835:9,4’/7 :
: 0.3312 ; 22.484; 9 485 :
: 0.32~9 : 13J116:~ :
. . . .. . . ,

XL
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1::
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881
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.

●
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.
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.
A

o
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%
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288
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Maximumvelocity, 120 km/h.

Normal Velocity of Flight, about 95 kdho

..

: useful :Coeffia-:Fuel and: Limit ‘: No. of : No. of
: lifting :ient of : oil :Ciistance:passengers”:passen~f..

Oubature: force :utiliza~:pexkm. : . for :gers for
. tion :‘. ●: . : 1,000 km.:3,000km.

. . -,-+,-7..; . ●,-,,,,,- . .
Vma ; @kg. ;

. . .
P . ok~. :Lh.: .. .

5,000:
10,000:
15,000:
20,000:
25,000:
30,000:
35,000:
40,000:
45,000:
50,000:
60;000:

70,000:
80,000:
80,000:
100,000:
125,000:
150,000:
175,000:
2330,000:
325.000:
250;000:
375,000:
300,000:

325,000:
350,000:

.

758 : 0.13’78:
~g;: : 0.243.2:

: 0.2835 :
6:737 : c).3062:
8,802 : 0.3200 :
10,8!5!3: 0.3280 :
12,895 : 0.3349 :
14,914 : 0.3389 :
16,911 : 0.3416 :
18,88Z : 0.3433 :
22,751 : 0.3447’:

2:,::; ; :::4&4 :
.

33:681 : 0.3403 ;
37,246 : 0.3386 :
45,553 : 0.3313 :
53,335.:0.3233 :
6&6~~ : 0.3149 :

: 0.306L3:
73;87& : 0.2985 :
79,877 : 0.2905 :
85,486 : 0+2826 :
90,75% : c).27@ :

95,&Kj : 0.2676 :
100,237 : 0.8604 :

a .

1.37’3
2.2’79
2.ss5
3.459
4.024
4*533
5.023
5.491
5.939
6.3’71
7.195

..

..

..
*.
*#
●
✎

✎

●

●
●

✎
✎

✎

☛

..

1,218 :
1,638 :
1,948 :
2,193 :
2,396 :
2,567 :
2;716 :
2,847 :
8,963 :
3,162 :

7.973 : 3,326 :
8.716 : 3,464 :
9.428 : 3,574 :
10.114 : 3,683 :
11.736 : 3,881 :
13.252 : 4,025 :
14.687 : 4,128 :
3.6.055: 4,202 :
17.365 : 4,254 :
18.630 : 4,@37 :
19.S5* : 4;30,7:
21.037 : 4.314 :

22.1!% : “4,,311:
23.334 : 4;299 :

. .

0

1:
33

25

::
110
125
156

18!5
215
243
271
338
401
459
514
565
613
656
697

735
769

.. 0

.. 0

.. 0
●m o
.. 0
.
● o
.. 0
.. 0
●.
●
● :
.. 12 “
.. 26
●. 40
..
.. %
.. 103
.
; i%
: 193
: 218
: 240
: 259
: 276
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TABLE IV.

.

MazimumVeloaity, 150 km/h.

Normal Velotity of Flight, abtit 119 km/h.
.

: Useful :Coeffic-:lRueland:Liznit : No. of : No. of
: lifting :ient of : oil :dlistance”:passengers:passen-

Cubatuxe:force :utiliza-:perkm. : ●

:tion :
:gersfor

●

●
.. ; !500f%. : 2000 km.

+ . . .
; @ kg. ;

“.
v m=

. . .
P ,. a k~. : L km. ~ ●+

5,cmo : -1,063 :
10,000 : - 289 :
15,000 : ‘7?2:
20,000 : 1,957 :
25,000 : Z,ao :
W,ooo : 4,496 :
35.000 : 5.800 :
40;000 : 7;113 :
45,000 : 8,428 :
50,000 : 9,735 :
m,ooo : 12,331 :
‘70,000: 14,883 :
8$;~~ : 17,=4 :

; 19,742 :
100:000 : 22,19? :
12;5,000: 227,853:

1%,000 : 33,115 :
175,000 : 37,993 :
200,000 : 42,497 :
225JO00 : 46;638 :
250,000 : 50,335 :
275,000 : 53,899 :

ZOO,OOC): 57,045 :
325i000 : 59,883 :
?@,000 : 62,4260:

. .

-Q.296 : ..
-:.:268”: ..

.
0:0889; ;~i% ;
0.1167: 6.271 :
0.1362: 7.083 :
0.1506: 7.848 :
0.1617: 8.579 :
0.1683: 9.279 :
0.1770: 9.955 :
0.1868: 11.242 :
0.1932: ?.2.458 :
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THE FUTURE OF AERIAL TRANSPORTATIOYTIN PU13LICSERVtCES.*

By Umberto Nobile.

Any one wishing to express syntheticallythe essential char-
acteristicswhich differentiatethe airshiyfrou the airple.ne$
~ould not hesitateto ascribe to the former greatpotentialityof
tr~sportation with limitedvelocity,end to the latter great
velocitywith limitedpotentialityof transportation. (Note=In
nomenclaturepeouliar to aerial transportationsit would perhaps
be wellmto introducethis new term: p~tenti~lity~ LIZ&&&W,
~~h.ic-nis understoodto nean the maximumquantity of passengers-
kilometeror tons-kilometer--which the aircraftis capableof car.-
~Y~ag~under the assumptionthat navigationis effectedat a d~.-
terminedheight of, says 5000 meters above sea level. The oppor- ‘
tmty Ot employingthis new,term co~leson reflectingthat the
te~ ‘tusefulloa,d,frby which iS meant the total weight of fuel wi’t’~
relativetanks and reservecontainers>and the weight of the pas-
sengerswith relativecabins,or, in other woyds~ the term used in
my previous article:useful liftim n e~~ does not define coa-
plete~y the transportationcharacteri%ics of aircraft,and, con-
sequently,one is obliged to give also the r@ius of aotio~, which: .
however.varies accordingto the hypothesismade in regard to di--
vialingup the useful Ioti betw~en the weight of the gasclineand
oil, and the weight cf the passengws or merchandise. Therefore,
for the sake of “.uniforrnityantigxeaterconveniencein drawing
Cowarisons, it i~ well to fix once ~d for all the criterionon
which is based such distinction,end.define> as statedabove~ the
p~tentialit~of transnortatio~of aiz!cr.aft,‘$hisalso $s propor-
tional to the maximum distanceover which aircraftcan travel,
w~.thoutlanding>Or diSt~Ce limit, a.sI termed it in my preceding
study.)

These characteristicsare deduced from a study of the prog-
ress made during the last years in both types of aircraft:in air-
ships of recent oonstructiionthe usefui loads are calculatedin
tons,whereas the unit of measure as applied to mrpla,nesis still
the quintal.

Approximately,the same ratio is applicableto the xadii of
action, that is, a few thousandkilometersfor atrships~a few
hundredkilometersfox airplanes. As regardsvelooity,if ai~-
shipshave exceeded100 kilometersper hour, s3.rpl~eshave for
some time now exoeeded200 kilometersper hour. In order to be
convincedof the exactnessof these statements,it is sufficient
to glanoeat the characteristicdata in the tables appendedhere-
to of the airshipsand airplanescc~struotedin Germsny during the
war. These tables show that the maximumuseful loads of the air-
ships =e quite twelve times greaterthan those of airplanes
(Ze~pelin&71 oompa~edto airplaneZeppelinR XIV) and the poten-
tialityof transportation(and consequentlyalso the distance-
limit that can be flown without landing),is seven times ~eater
x Translatedin CIfficeof the MilitaryAttaoheSRome.
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th~ that of airplanes(airshipZeppelinL.71
I’riedrichshafen,G.IV a). Let us comparet~e

oomparedto airpiane
data relativeto ihe

lar est airship-oonstrubtedby the Ge>mans during the waz, the
L.?!!to the greatestGermanbombardmentai~~lane,the R.XXV, con-
structedin 1918 by the l~Zeppelin-werke- Staaken,~and with the
fastest Germanpursuit airplane,the Siemens-Sohuckert,D.VI:

kg. . kmjhour

Airship L.71 51,000 122
AirplaneR.XIV 4,200 120 to 135
AirplaneD,VI 2,300 220

Useful Useful load pe~
load per HP x velocity

HP (proportional-Oi

kg.
potentialityof :
tranaportatior) ,

33.0
3*4
1.4

Now, these differentcharaotezisticsof the two systemsof
aerial locomotionare so closelyconneotedwith the very nature
of the two systems,that a noteworthyvariationof these charac-
teristicsis consideredhighly improbablein future,construotionss”

On the other hand, sufficientlight has been thzown on this
point by mathematicalanalysisthroughthe applicationof the laws
of mechanicalsirnilitude~analysis,whioh, while to some may per-
haps be considereda tedious exercise,neverthelessdevelopspre-
visions of indisputablevalue from the standpointof order of ~
greatness,and

f
ives resultswhioh, in every oases constitutea .

valuableguide or the technicianby pointing out the best way to
improvethe characteristicsof the airplane,end suwass ~ith his
inventivegenius the very roughlyapproximatedprevisionsdeduoed
in accordancewith the law of mechanicalsimilitude.

Quite distinotare the fields of practicalapplicationsbo~n
civil and military,accruingto’totallydifferentcharacteristics
of the two means of transportation. It is a mistake to admit thai
the lighter-than-airand the heavier-than-airO= oorrrpetetith or.=
anotherin the s-e sphereof activity;it is even a bigger mis-
take to suggestthat one could actuallybeat out the other. View-
~.ngin the same light the matter of,landand sea transportation,
no one oan suggestthat as a result of competitionbetween.the au-
tomobileand the train, the ship aad the motor-boatsone or the,
other is doomed to disappeax.

We will now take up the question as to whether the actuation
of pub.li~servioesfox transportationof passengerswith eitherof
the above means of aerial locomotionis possible and profitably
expedient.
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Such studymust be made in relationtc the four main points
of the question: safety,regularity,comfortsand cost of the aer-
ial journey.

I. THE SAFETYOF AERIAL TRANSPCR’IATION.

Theoreticallyspeaking,in order to ~arantee the safetyof a
public transportationservice,everythingmust be tuned to a state
of perfection with a perfect functioningof the entire @luiPment:-
that is to say, fixed plants, the routes, the material,the Per-
sonnel,the organization. Practically,absoluteperfectionis
unattainable;‘cons~u6fitly;-”ithappens that defectivematerialor
mech~ism, inattentionOr negligenceon the part of the persomel I
the non~observanceof a re@ation, the influenceof an extraneo-ds t
action,can ‘Dethe oause of a railwaydisasterox a shipwreck.

An accidentobeys laws which, althoughnot definablein them-
selves are none the less real: hence, transportationaccidentsOC-
cur with a certainfrequencyin everybranch accordingto the type
of plant, the grade of.perfectionof the material empluyed,the
personnel,and the organization. Thereforeit can be said that
everybranoh of transportationhas a degzee of safetypeculiarto
it. In order tO be convincedon this point, sufficeit to n@8
the great uniformityof the statisticsof railway acaidents. For
example,on our State rtilw:ayfiduring the years,fromJuIY, 1906s
to June, 1914, the viotimsofrailvay accidents,killed and ,injured~
were for each year and for every 100,000trains-kilometers:
1,36 -1.22 -U 33 -1.49-1. 36-1. 55-2. 11-1.60s The differ-
ence between the maxiamu and minimum values and the average value
is only 4@ and 30jirespectively,

The question’thereforeis-whetherin the present state of
aeronauticaltechnique,an aerial servioecan offer a degree of
safetycomparableto that of the rtilway,automobile,or sea
services~ when run under normal conditions.

THE SAFETY OF AIRPLANES.

This is a,questionof such grave importancethat it is more
tfinnever a duty to be fmnk.

Althoughdynamio support,this brilliantcon&est of humaa
ingenuity,which, in its exteriorforms ~d in its intimatemech-
anism is so muoh more genial and aestheticallysuggestivethan
static support,has rendereda great serviceduzing the late,war,
it mnnot be exploitedto the same useful extent in oivil activi-
ties ualess the grave risks which seem to be inherentto it, are
eliminated~
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One of the ohief causes retardingthe civil progzess of the
ai~lane lies in not immediatelyaacknowledgi,ngthe really weak
@de of the techniqueof the heaviez-than-aj.z,and in attempting
to launchprematurelyinto co~rcial aviationwith airplanes
which are not safe,because by ftilingto adrfiitthis weakness,
energy and means which could be much more profitablyused in SOIV-,
ing this fundexnentaland essentialprobl~ of safety>are divert-
ed into other,channels.

The meager &fety of d~~iO flig& with the airplaneis un-
fortunately.provenbythe aviationdisastersmhioh ooou~ with
such alazmingfrequenoy. To ~oncealthis painful truth will not
eiiminatetineevil, for even now the public has rather an exagger-.
ated Aoiion that the safetyof the passengerin an airplaneprac--
ticallydependson the good working of the engine and on the pi-
lot:s ability,

I

We give here some comparativestatisticaldata. From an of- ~
ficial report on the progress of British civil aviation,one
‘athezsthat during the period of May, 1919, to September 1920,
?17 months) about 2,000,000kilometerswere flown, carryinga to=::
tal of 1,000,000passengers. There were 45 aocidents,of tiich
19 did no damage to pezsons, and 26 resultedas follows:

Passengers dead : 8
[

Pilots (dead : 7 “ Casual (dead : 1
, injured : 15 (injured: 13 (injur~dl

Thatis to say, for every loo,~()()kilcme~ersflown (airplanes-
kilorneters)there were%

Passengers (dead : 0.3-6 Pilots (dead : 0.32 Casual (dead:0.045
(injured:0.68 (injures:0.59 (inj~~ed.”

In order of great~ess,these figures tie fully confirmedby
the statisticsof accidentswhioh occurredon the French routes.
In fact, from.a report of MonsieurPierrot which appearedin the
review lllfAeronautique,{~one gathersthat in 1919-1920,during
which time 1$180,000kilometerswere flomn, 7 persons,werekilled
and 7 injured. That is to say, 0.59 dead, and the sane percent-
age of injuredfor every 100~000kilometersflownc

Let us compare the figures given above with those ..1 i’>
of the ItalianStats Railways. On the latter,during the period
1911-1915,the accidentsfor every 100,OOOtrains-kilometerswith
passengers,producedthe followingduage to persons:

“Passengers(de~ : 0.01 Employees (dead :0.008Casual(&adKhOO<
(injured:O.42 (injured:0,73 (inj.0.37

,, ,
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In comparingthese figures~ith t~ose of the aviationservice.
one must aboye all bear in mind the”enormousdifferen~eexisting
betweenthe averagenumber of personstransportedwith each fligh?i..
an-iin “eachrailwaytrain. Therefore,it is not surprisingthat
the percentagesof injuredin both cases .s.ze“~hesame notwithstand-’
ing the fact that the possibilityof aoci~eatsin airplanesis un-
fortunatelyvezy much greater.

It shouldbe noted that in the aerial servioe, of the tota~,

number of casualties(passengersand pilots) 3@0 were killed (Eng-
lish statistics),while,onthe railwaysthe percentageof deaths
is decidedlysmaller,viz.: 2.’4%for.passengersand 1.1% for men
on duty in the service. This does.to+,confirm,even if confirma-
tion were necessazy,the hea,vierpercentageof flying accidents
over railway accidents. This remark,‘togetherwith the othez re-
maxl:made above in regazd to the number of persons transportedon
every journey,makes the comparisonbetween the two statistics
more alarmingstill. In fact, admittingthat the”relationbetween
~e nt@er of persons transportedby airplaneand by train is onlY
: 100, the possibilitythat a passengercW.11lose his life in ~

a,i.~laneon acccuntof an accidentiS 3600 times gzeater thm if he
wexe traveling on the railway.

Is’it ~ossible to solve”the problem?

There is no denying that seriousrisks are, apparently>un-
avoidablyand intimatelyc~nnectedwith dynamic support. To remain
i~lthe air on3Y in virtue of a workingmeohanisininvariablyir@ies
the possibilityof a fall or at least of ~ involuntarylandingon
me-haps some ill-adaptedground,when trouble or a breakdownoccure
~u the mechanismitself,or if the pilot makes an erro~ in his
maneuvers.

It is well to call.to mind the e~ple of nature, beaause in
birds, the pilot and engine are just one harmoniously-working,Or-
ganio whole, giftedwith sensibilityand reactive ovw, which is

(lincomparablygreater than that foun %in the neohan cal bird

1% must be stated that since the ~istice was signed,only
very small effortshave been made towards s,olvingthis problem>
wl.iohis certainlynot impossibleto solve, The very psychology
of war, which loweredthe measure of considerationfor human lifes
has influencedtbe directionof the effortsmade and the means
adopted,and an increaseof velocityand endurancerather t~an
safetyhas, so far, been the chief aim.

It is necessary,however, to oonvinceonese~f that whereas
commercialaviationhas not really made any seriousprogressW
constructingairplanessimilarto the present ones which may be
cm~able of transporting100 passengersor more, it would, on the
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other hand, make a gig~tic styide if an airplanewere constructed
which would carry,maybe, only one pe~aonj but with that ~easure
of safetywhich unfortunatelyis still a matter of conject~e~

A great step in the right directionhas been made by the frae-
tionalidistributionof the motive power, by the adoptionof engiqeF
of greaterreliability,and by greater strengthin oonstruc.tion;
but a really great progresswill have been made only when the ti--
trinsio stabilityof the airplanehas been increasedand when, un-
dez normal flying conditions,an importantreservepower is avail-
able, as is alreadythe case with airships,

This, in my opinion is the fundamentalproblem. Only when i.
it has been solved,mill the airplanemake its triumphantentry in-
to the field of public servioes,otherwiseits activitieswill cer-
tainlybe oonfinedto those of a milit=y =d sPOrtli~~ture-

SAFETY IN AZRSHIPS.

Hap ily, the same dzawbaoksare not found in the airship.
TTramper ation by airshipatodaycqn be made quite as safe as by ~eas

Let us make a rapid survey of the mbze SerAousaccidehtsthat-
could occur and be a source of danger:

(a Breaking of a past of the structure.

. II

I
b Troublewith, or failure of an engine. I

c False maneuver.
d ~~~letionof gasolineand oil supplies.

(~) Sud~en storm.

(d Breaking of a Part of the Structure.

The breaking of an element of the keel or of any other vital
supportingpart of the airshipsor trouble-withthe controlling.ti::’”
Qrg=s, very.rarelyhappenswith our airshipson aocount of the
great stzengthof.eve.q singlepart, which strengthcan easilybe
oktainedwithout excessive reducingthe coefficientof utiliza-
tion. 1But even admittingt at any breakdownof the kind should.oo-
cur, the safetyof the passengerswould never on any accountbe
jeopardizedbeoause the @eakage couldbe repaizedon board the
airshipitself. At tinemost,.inthe event of.it not being possible
to oompletethe repaizs on board, a reductionof speed might beoome
‘neoessary.

The possibilityof repairinga breakage goes naturallyhand
in hand with the possibilityof having access to the seat of the
trouble. From this standpoint,it is opportuneto remazk on the
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superiorityof our
%

, tme~ll$ma:p:l; in whic!hall the support%
ing elemen 6$ all the oxgans b maneuveri~gsafety,can
easilybe reachedby the crew.

,-

(b) Troublewith, or Failure of an Engine.

Consideringthat in the normalnavigatim of airships,only a
part of the availableenginesis used, (in our T airshipsone-
half or one-thirdiS used), the othersbeing kept in reservesone
arrivesat the conclusionthat troublewith, or failure of a group
of enginescan never jeopardizethe safety of the ~ourney,all the
more beoause in nearly every case it is quite possible to make re-
pairs on board the airshipwithout stoppingthe fli ht.

&
ApIopos

of this, suffioeit to mention that during the fin test ing and
acceptanceof our airship “Rozna}’~a new cylinderwas quickly put
On without any difficulty,in additionto the usual changingof
valves, springs,sparkplugs, magnetos,eto. Ghangingthe propel-
ler~becamequite aqattez-of-fact operationon every trip, substi-
tuting on one of tlae,engines,a shotitie before landing,a revers-
ing propellerfor the normal air screw. The operationwas carried
out in &bout 15 minutes. . .

{c) False Maneuver,

Anybody who has tzavelledon our airships,and in particular
on the’’Romal!~knows quite well that‘inthe course of navigation :
the actual steeringof the airship is a very easy matter. Even if”
the steersmenleave their wheels, the airship goes strtightahead ~
just the same. In truth,under normal navigatingconditions-one I

cannotconceivehow a fals. movement COUU ‘eoa,rdize’the safet 1
of the airship. $Y 1From this standpoint,safe y s even greatert an ‘
on the railwaywhere the inattentionon the part of the en ineer
or error by a switchman, ?is,suffioientto oause a xailwayd caster.

The work and abilityof “thecrew a@uires the greatestimpor-
tarme only at the moment of landing. But even if a false maneuver
in landingis matie,the maneuverwould merely have to be repeated,
and in the worst of cases the airshipWOUld hit the ground and get
d~aged, but a di~asterwould never occur.

.

(@ Denletionof Gasolineand Oil Supplies.

This is the most seriousthing that could happen to an air-
ship, With depleted suppliesof gasolineand oil, the airship
lies at the mercy of the wind. Should this happen when the air-
ship $s traveling over the land, the passen ers run no zisk, be-

?cause by maneuveringas if it were a free ba loon, it would be



-8-

poseibleto land, even though this is somewhatrisky as fax as the
actualmaterialis ooncerned. Should this shortageof supplies
happen when on the high seas, it is a rnuohmore seriou8affair,
even if ~ife-bel%sate proyided~or even small life-bo&t8.,

But such a contingencyhas merelybeen”ment~onedin order tO
exclude it, beoauee it cannot, in fact, shouldnot, ever happem
No matter what kind of journeyis undertaken,one must, ap~t fzom
the necessaryquantitiesof gasolineSZMIoil, also have an,ade-
qv.atereserveof fuel to face.$hepossibilityof the aizshipbe,ing
dragged out of ite course,or in case it is found nsO?ssa~Yto
lengthenthe journeyor increasethe speed.

It is inconceivabletha.t”aflight shouldbe made in an air-
ship with an ~uat~ supply of fuel, just as it iS incomprehensi-
ble that a steamshipshould stut on a voyage with insufficient
suppliesto carry it through the journey..

(e) Fog.

Whereasfog may constitutea real danger to the airpl~e in
the event of it having to land, it iS never so for the air6hip.
(Theaccident which happened to the British airshipR,34 on Jan-
uary 28, when it bumped againsthilly ground at Scazboxough,Wst
be consideredexceptional,.and probablywas due to,a navigding,
error, Considerabledqage was done to the oars oonte$ningthe
engines,but I@@y was injur~d.) :At the most, fog twI muse a I
delay in lark!,ia~,compromisingthe regularitybut not the safety
of the operation. The presenoe of thick fog, whioh is a prQhibi- ‘
tive conditioni“o~the l~iiingOf airplanes,iS not prohibitivein :
the same sensefos airships. X will cite the case of two Italian ,
military airships,the M 11 and M 14, whioh in February,19~~~
during the came night, landed in a very thiok fog, the one.atP
piova di SaaOo (Chioggia)end the other at Cavarzeze (P~=~, ~ad
on groundwhich was thicklyooveredwith tall trees.
ships remained anchoredto-the trees for @out 11
floghad lifted,whereuponthey proceededon their

(f) Storm.

hours, until,the
journey.

The possibilityof a storm comingup, especiallyon long
jmrneys, musi also be taken into account,even if a good aerolag-
ical informationserviceis available. It may seem an exaggez~, .
tion to assert that in such a case an airship is better off than
a ship on the sea; neverkheless~it is an indisputablefact. .,

The airship”(and”muchmore so the airplane)has the-advantage
cve~ the ship in that it has greatervelocity (two or thx~e tirn~~
as much)~ sncithere is open to it the “possibilityof climbingup
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over and away froihthe “storm The ship has not this possibili~y
and must faoe the storm.

The DsnKed of.Fire in Airs~iPs,and Hblium.

We have-notincludedamong the possible accidents,the dan ez
iof fize,bemuse when airshipsare well designedand construqte,

suoh as ours are, the danger is non-existent. However~ it iS,WeiL.
to dwell briefly on this point.

These has been much discussionabout helium, and generally,
great importanceis attaohedto its industrialproduotion.WdSZ
the considerationthat by substitutingit for hydxogen,all dmwr
of fize in aizshipsis elAxninate&

“Now,in pximiple, there is no denying that to aibstitute&n
inert gas for an influmable gas i.e.preferable. But apart fxom
the faat that it “isvery improbablethat helium can.beproduoed in
quantitiessufficientto meet aerial navigation,and at a sati8-..
faotoryprioe, I am of the opinionthat the moral advantagegatined
b~~ the subst~tuticnof helium for hydrogen,would not CQ~en8a@
sufficientlyfor the saorifioe of liftingpower, with the fSXC@W,
tion naturally,of military airships,which are the Only ones.Zeal-
lY exposedto the dahger of fize during navigationwhen struckby
hostile gunfire.

As regardscivil airships,I spoke of th8 mom.1’advantagebe-
oause really,as the enginesboth on our and on the &nzmn air-
ships are detaohedfrom the envelepe,and wozk in the Qpen air~
there is no danger of fire during,navigation. (Aa officialreport ,
of the BzitishAir Ministzy statesthat on 4,000,000kilometers
flawn by the British airsh%psduring the war, only one was 1OS$ by ~
fire during natigatton. This was during a trial flight of a new
type of airship and the cause of the fire was imedtately looate(i
and eliminated.j

i

In order to avoid all possibilityof fite in the hangar, it
is necessaryto take sevese measures of precaution. Nowadays
these measuresare so very striot in airshiphangazs that undoubt-
edly a fire is mose mmmon in an airplanehangar than in an air-
ship hangar. . . .

It would not be surprisingif, after substitutinghelium for
hydrogen,and looseningsomewhatthe precautionaryrestrictions,
the Cknger,ofan eutbreakof fire will be inoreasedrather than
diminished,

. .

a REGULARITYIN AERIAL TRANSPORTATION.
.,

When we s~eak of regularityin publio trahspertationservioe, :
. ..
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,
we mean essentially:pmatqa~~ty in amitialsand departures~

From this point of view, we fr=kly reOowize at onoe that
regularityin an Xrial serviceis ~e~iouslyhmdioapped on ac-
count of the sezvice being subjeotto atmosphericconditions~which
means that navigationis possible only on a certainnumbe~ of days
of the year, a number which varies aocordtngto the characteristic
of the aircraft,accordingto the region in whioh the serviceis
develo~ed,and aooordingto the length of the voyage.

We hasten to add that suoh subjectionis, in the ease of “’
airshipsreallymuch greater than it is for ~rplanes, because the
real difficdty is not that of keepingup in the air even against
strongwings but in enterin
cross-windsare blowing. ‘a 2eavin%h:ha:%:%n%::~e:’R::~*(~owever,in
of the BritishAirMinistry on this subject,it was stated*that~
I\Worthyof note is the fa~t that for ~ months of the year’19u, ‘
there were only 9 days in which no flight was made by airships.in ~
the Bzitish Isles,where it is well known, the worst climaticcon- ;
di.tiom.,.inthe world prevail. The airship oan fly on days-of fog ~
or low cloudswhen it would not be advisablefor an @~l~e to
do so,l~) 1

.

The Qyestiofiof Hsn~ars, and the I&echanioal?.kneuvering
of Airship&.

We are confrontedhere with a problem of fundamentaltipor-
tenoe for the civil future of airships,viz.: the possibilityof
leavingthe ground and landing in strong winds without employing
for the relativeoperationsan excessivenumber of men, S@ without
eXpOs$.ngto exoessivezisk the stmmtures of the airships-

The problemmay be met eitherby speoial forms and arrange-
ments of the hangars, for example,with movable hangars Wch as are
al-readyin use in Gemay, or by equipping the pzesent hangarswith
two Wind-soreend,whioh, startingfrom the ends of the walls of
the h=gar, stretchout to the landingfield in such a manner as to
permit the airshipto enter between the two projectingwings, keep-
ing the axis of the airshipnorznalto the axis of the hsnga~; OZS
age.in,by adoptingspecialmechanicaldevices (a ~’~roccof’revolv-
ing platform,or rails). It is merely a quest~on of expenditure
fcr th8 relativeplant and !%Mx@ment. .

This extra expenditurehowever would be largelycompensated
for not only by the attaizxnentof greaterregularityof servioe
but also by a decrease in the expensesrelativeto labor, and above “
all by the increasedtransportation,so that even taking into &G-

-. count the majox amortizationand intereston the capital ex~ended
on the plant and &luipm~nt,a cofisidexablediminutionin the cost
of the passenger-kilometerwould be realized}as we shall show lat-
ex by a few numericaldata.

. .
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It is also thought that th’equegtion 6Quld be radicallysolv~d
by abolishinghangars altogether,and subs$it@tingfor then special
anchoringdevioes either on the grouhd or on the water.

Rithotitdenying the importafidebf systemswhich servequite
~:ellfbr shin% stops fat fu61-repL6nishin
ing and tinbadingpassenge~s,we hold ihaE %%~’!;’n~$i~;i~~;
at least for some considerabletime tb come, as far as laz&e aiz-
shins are concerned, that there will be any abandoningof that com-
modious, safe shelterofferedby the hangar, which alone can effeo-
tivelyproteot airshipsfrom the fury of storms,and assure them a
long life, The hangaz is no less indispensablefoz the aotual ex-
eoutionof ordinarymaintename wozk,

The Necessityot Confiningthe PubZio Serviceto the
Most FavorableSeason.

NO matter what improvementsmay be made in the technioal.con-
strwtion of aircraftor in the fixed installationof airdrQmes,
or in actualmaneuvering,there is no denying the faot that ~
aeri~ serviceoan never be run with the same re~larity as rail-
way or sea servioee,even though the servi.oewere maintainedall
the year round.

h a studywhioh I made in 1918, on the oos,tof aerial.trans-
portationby airships,I pointed to the opportunity;OS, I should
say> to the necessityof confiningthe serviceto the most favor-
ble seasonbecause it is only by guaranteeingpunctualityof de-
partures and arrivals,nine times out of ten, that it will be pos-
sible to win the confidencenot only of pleasure-seekers,but also
of businessmen. A minor punctualitycould be toleratedonly fox
the great transatlanticservices. By this we do not mean to convey
that the plants, ~uipment, airships,~d personnel oouldnot be
profitab~yutilized during the periods of fine weather of the off
season. On the contrary,I considerit highly opportunealso from
the eoonomioalpoint of view, to take advantageof such periods of
fine weather to run a servioe in plaoes where there is a large cir-
culationof the tourist element,there beingno absolutenecessity
in this case of great puno.tualityand regularityas is the case
with a public service. This appliesparticularlyto Italy where,
by a happy oaincidence,the circulationof foreigntourists in the
winter and spr$ngmonths, which are the least suitablefor a regu-
lar serviceof aexial transportation,is especiallypronounOe&

3. COMFORTIN AERIAL TRAvEL.

If safetyand regularityare indispensablerequisitesfor a
publio service,the aotual traveling comfortis a matter of’cmn-

,4
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sidexableinrportance~The

The great ~aoe availableon airehips,and,the great a@oUnt
of useful load carriedby them, affotd the p~ssibllityof provid-
ing fo~ the ~assen~ers~comfott,which iB both desixableand fieces-
sary on a Ion jousne~jwoh as comfortableseats, sleepingaooom-

fmdations$ to let rooms, reading room c)t sittingrdbm, kitchen),et~
In other words, with the airshipit is possibleto offer praoti-
oally the comfort offered today on the xailmayand on transatlantic
linezs althoughin a reducedform Naturally,obvious cons$deTa-
tions of economy of weight and the exigencies zelativeto the
distributionof loads,will impose certainrestrictions,but to’
compensatefor these the travellerwill not suffez from seasick-
ness.

These statementsrequireno illustratinginasmuohas any one
whd has travelledOn out airships,and in particular,on the
‘lRoma”,will recognizethe truth underlyingsame, The freedomto
move in a spaoe of over 300 feet, the ~ooth travel~ing,and pez~
feet stab~lityare mattezs which need not be ela~orated.upoq~.

The only thing”whiohtroublesthe passenger,witil he is ac-
custozn~dto it> iS the noise of the engines~whioh is quite aS ,
great a nuisanceas the noises of the railway,but which, howewer~
ma be eliminatedmuoh more easily th~ those of the railway@y
simplyplacing the passengercabins in front of the engines,oz
by adoptinga speoial structurefor the oabin walls,

As things stud, it shouldnot be consideredan exaggeration
when we statethat the airshipwill be o~e of the most comfortable
and enjoyablemeans of tzavel,perhaps~ most comfortable,@
view of the advantagesit offers over both steamshipsand railways
in respectto seasickness,and the jolts,bumps, vibrations,aad
annoying sounds encounteredon sea and land travel. Naturally, ‘
this statementcannot apply to the airplane in its present state.
The limitedspace, end limited oarryingcapacitynaturallyreduoe
comfoxtto a minimum. Bumps, shQcks,and vibrationsare very dtffi-
cult to eliminate. We must concludethereforethat the airplane
today, althoughquite well adapted for sport s@L, generally8peak-
ing, for the transportationof passengersdesirousof experiencing
pleasant emotions,is not yet suitablefor the tranap~stationof
Mz?Il&Lpassengers.

4. THE COST OF AERIAL TRANSPORTATION.

We oome $inally to the lash but very importantQuestion of the
cost of aerial transportation. .,
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~irst of all, it is a curious thing that the general opinion
is that the oost of aerial transportationby airship is greater
than that by airplane. It is just the contrary,when of course
the airship is used for tr~sportation adapted to its peculiar
characteristics.

The argumentsbrought forward in Supportof this opinion,
withoutbaoking them by numerioaldata, are wellknown$ namely:
expensesincidentalto the hangaz$ to the maneuveringpersonnel,
aad to hydrogen. Later on we will illustrateby a,concreteexampi~
how unfoundedthis o inion is, and how the.expensesfor the han~r,

5maneuveringpersonne , and gas, do not really figure excessiv@Y.
in the cost per unit of transportation,

Meantime$ it is ne~essaryto bear in mind that with airships
the consumptionfor navigation (oonaqmptio~ of gasolineand oil,
=d wear snd tear of,the engines)is, with respeotto the units Of
weight.oarribd,.considerablyless than in airplanes. This differ-
enoe~ which is already considerablein small airplanes,becomes
greatezas the dimensionsof the airplane increase. Taking as ~
example,.theGerman constructions(see tables)we find that where-
as in the airplaneswe have a maximum fuel load of 4.17.kilograms
per HP, with airshipsthis m~i~ iS eight times greater,33 kil-
ogramsper horsepower.

There is no denying that the equippingof an airship servioe
?equiresa muoh gzeatez outlay of oapitalthan the equippingOf a31
airplaneservioe;but it is a mistake tc deduoe therefzoznthat
transportationis also mom expensive, just as it is a mistake to
argue that railwaytransportationaosts,unit for unit,more than
entomobiletransportation,bemuse of the very much greater outlay
for the former.

The great carryingcapacity,coupledwith the undent~l.efaot
that the regularrunning of any sezvioerequiresa heavy outlay for
plants end organization,clearly shows that the airship is partio-
ukrly adaptedfor.transportationon a large scale and for ~ in-
tense tratfia. On the other hand, the characteristicsof the air-
plane: small,useful load, limitedenduranoe,oo~ara%ively small
outlay for plant, equipme~t,and organizationindioatethat it is
only,suitsbS.efoz a serviceof very limitedtr”affio.

To adopt airplanesfor transportationon a large sc?ale,or
airshissfor tmnsportation on a small soale is, generallyspeak-
ing, tantamountto increasingthe cost of transportation.

Concluding,even from the eoonomioalstandpoint,the fields of
aotion of these two differentmeans of aerial locomotion,appear
to be well defined. A still oloser analogybetween the two meqns
leads us to mmpare the airshipwith the tzatn or steamshin.and
the airplane
lY shows its

wi%h the autmcbi~e or motor-boat. The airshipolear.-
suitabilityfoz a publio servibe,and the ai~lane
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would aapearbest suited,generally,for servicesof a privdte
nature.

We believe thereforethat it is very probable that while in
the future, the major public serviceswill be run essentiallywith
airships,the airplanewill be housed at public airdromesand use5
principallyfor private transportationpuzposes,not exoluciing
however the possibilitythat the grand aerial routes ooveredby
airshipswould have bramh routes run by airplanes,and thus co~
plete the servioe, especiallythe postal service,‘just as public
automobileservicescompletethe railwaynetwork in Italy today.

,TheCost of Aerial Trans#oztationin Cowarison with c
the Cost ~f Other TractionSvstems.

A first attempt to establish,at least in order of imp@tSZ108~
the oost pex unit of transportation(costof the passenger-kilome-
ter or of the ton-kilometer)was made by me befare the oessation”
of hostilitiesin 1918, (see Journal of Civil Engineexing~Rome~
1918, p.493). The study was oonfinedto airships,but 1 also
pointed out that the cost of transportationby airplanbwould in
generalbe very much greater.

Basing naturallymy conclusionson a roughlyapproximatedas-
sumption,I endeavoredto point out how not only the characteris-
tics of the airship itself (carryingcapacity,maximum ~elOGitY,
normal velooity)but also other characteristicsof the sezvice
(lengthof route, naber of flights,number of days navigation)
influencedthe question of cost.

I assumedthe aggregatenumber of kilometersflown in one
year to be constant,and implicitlyreckonedthat the airshipwas
always to be utilized to its utmost oapaoity. With thiS hypoth~-
sis, it was dear that one would arrive at the conclusionthat,
in regard to transportationby airship,the greaterthe airship the
smallerthe oostper unit, but that the cost inoreaeedwhen a
greatervelocitywas attained,and the journey lengthened. In
view of the hypothesismade,”this is tantamountto saying that the
cost decreasesas trafficinoreases.

As a result of the study one gathered,for example,that with
an aizship of the oapaoityof 30,000 om. capable of developinga
maximum velocityof 108 kilometersper hour, and which was worked
at a normal velooit of about 86 kilo~etersper hour (~ne-halfof
the availablepower7 with a supply of gasolinesmd oil eWal to
double.therequiredamount foz a-normalflight, the cnst of the
passenger-kilometer(= quintal-kilometer)was L.O.49 o-tera dis-
tsnoe of 600 kilometers,sad L.O.69 over a distance of 1000 kilorm-
ters.
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.

lhazthermote~one foresaw the possibilityof reachingminimum
prices of 25 br 30 oefitesimip@ passetigefi-kilome’terwith an in-
creasedtraffic,adoptingcubatufesstifficientl~large in relation
to the Velocityand to the lmgth of the journey~

We must howeverpoint out that these forecastswere based on
the assumptionthat the prices of raw materialshad already gone
baok to their normal level,which I held to be only a littlehigh-
er than pre-warprioes. Thus, for example,the coat of en airship
was calculatedat 70 lire per kilogramof dead weight (todayour
types come up to about 120 or 130 lire),’.A woxkmanwas assumed
to eazn on an average L. 3,600 a.year (today,double this amount
is barely sufficient), Hydrogenwas assumedto amst one lire per
cm. (tc@ayit still costs about L.1.60], and,,finally,the cOst
of gasolinewas then held to be L. 1 per kilogrsm,but costs today
five times as much.

It is thereforemost probable that if we made up these Gdcu-
lations in accordancewith present market prioes, and without.tak-
$ng into accountthe

8
eneral tendenoyof prices to decrease,bthe

c%ostper unit od tran portationwould be just about three times
the amount mentionedabove.

8uch being the case, it is easy to assert that today aerial
transportationby airship or by airpl~e oosts much more thanby
any other mechenicmlmeans of transportation.

On the Italiannormal gage railways,the running expensesbe-
fore the war, excludingthose of amortizationsnd intereston23ap-
ital, was on an average L. 0.0525 per passenger-kilometerand
L.O.C)46per ton-kilometer. Multiplyingthese figuresby the coef-
ficient 6 in order to reaoh present oosts,, the prioe per passenger-
kilometezoomes to about L.O.32 and the ton-kilometezL. 0,28,
By includingamortizationof, and intereston, aapital,we shwld
not be very far fxornthe truth in statingthat today on a normal

f
age railway “thecost per passenger-kilometeramounts to from
. 0.40 to L 0.45.

Now if me oonsideran automobileservice,which of all the
various transportationsystemsapproachesmore closely that of an
aerial servtoein that the t~e of engine and the kind of fuel
used are the same, and in both servicesthere are no e~enses inci-
dental to road-makingand upkeep of same, we find that today the
total e~enditure for eaoh kilometer (assuminga journeyof 50 kil-
ometerswith two one-waytrips d~ly) is L. 4.62. In faot, ??0get:

Interest,amortizationof fixed plants, renewalof
rOllingSto@ . , . . . . . . . . . , . . . , . L.O.55

Personnel “ 0.60
;~n~~~~~on”.(~n”g~n~rhj“.”.’.”,”...”.”.”.”.’.”.”.”.~ 3.30

.8..s ..,,. ..*,, *,* 0.07
Variousexp~n;e~. . , . . . . . . . . . . . . , . . “ 0,09
@ver~6nt control, .,. o,. ..s . . ..s. s ‘0.01
Total,per-vehicle-kilometer, . . , . . . . . . . L. 4.62



-16-

hJGZ i8 to 8ay, a“ooutL. 0;57 per passeng~r-kilometer,assuming
that the vehicle CSX2ieS ti ~ average eight passengers- ,

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

We can thereforecordude by saying that transpo~tationby
airship costs two or three times as much as the 9thet lneohanioa~
means of transportation,unless one wishes to saorifioeSefety$
and regularityof servioeby reduoing.thefi~edp~ts or the Per-
sonnel,the tzavellingspeed or the reservesof gasoline>oil>
and ballast,

Is the Cost of Aerial TransportationProhibitive J

As already stated,a further reductionin the Qost of trans-.
portationby airship can be made by increasingthe oapacityof the
airship. One can foreseehowevez in any case that the oost will
be 5@ higher then that of railway transportationor maritime
transportation. The costby airplanewill be at least twioe as
high. .

But even admittingthat a suffioi.entlysafe and regUlar serial
transportationservioecosts more than the other mechanicalmeans
of transportation,it would be quite as unreasonableto oonolude
that, from the economicalstandpointit is not apzofitable under-
taking,as it would be to state that the automobilewas superflu-
ous because more costivto run than the horse-drawnvehiole. The
possibilityof shorteningthe time”occupiedfor a journeyboth by
traveling at a
tween points 05
not situatedon
ing ground,the
and maintezmnoe
tion to oompete

higher speed end by followinga stiaightroute be-
destination,even when these oentersof oontaotare
the sae level, or are separatedby rough,Wdulat-
faot of not having to make any outlay for pwts.
of roads puts..theaia service in a favorablepQsi-
mith the railway,steamship,or automobile.

Furthermore,the airship iq the only meohaniGal overland
means oapableof transportingon a single journeyas many passen~
gers as a train,withoutneed of a heavy dutlay for the zo&
Sutficeit to say on this Boint that in Italy today the cost of
layinga railroadof normal gage, with 36 kilogramrails is not
less than L. 400,000per kilometer, Adding to this figure the out-
iay for constructingthe aotual road, whioh if made ovez flat
country,more or less, amounts to half a million lire, we reaoh an
aggregateexpenditureof approximatelyone million lire: half a
billion lire for a railwayfive hundred kilometerslong! .

In faoe of these figures one csn but feel persuadedtha$ in
actualpraatioe it may happen at times that also from the economi-
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cal qtan.dpoint$th8 air serv,~oecan become the O=lY possibleor
witabl~:means of communication,as for example,where the ques-
tion concernsthe linking-upof localitiescomparativelyfar apart
across desert zones, or rough, rooky ground$ or at points where.
the traffiois not sufficientlyintenseto justifythe enormous ~
e~enditure for constructingen ordinaryroadway or railroad.
However, on one thing we must insist,,andthat is, where air, land, I
and sea servicesexist“ccntempora,neomlythere can be no tam of ,
real competitionbetween them. Such essentiallydifferentmeans I
of transportationassuredlymould satisfydiversecommercialand :
industrialrequirements.

Governmentand PrtvateEntemrise in Public Aerial
Trans~ortationServbe.

In the present‘staZeof aeronautics,it would be harmful to
nurse illusionsconcerningthe immediatecontributionthat private
enterprisewill give towards installingand-runningpublic aerial.
transportationlines.

The huge capital required,the oomplex,delicate,&d oostiy
organization,the technicaldiffioultaesto be overoonlein order
to assure a certainregularityof service, the heavy risks oonnect-
ed with the managing of su~h a new kind.of organization,the high
%ariffs$and, finally>the diffidenceand skep$ioiqmof the public,
(whichtoday are ~us%~.fiacleh part, in view of the fact that the
air lane offers ljmitedsem~zityand the airship limitednavigabil-

7ity are considez~t~.onswhioh”lee.done to forsseethat some consid-
erable time must elapsebefore ~eri.ou~private enterprisewill de~-
finitivelytake up $he question of rurnia~public aerial transpor-
tation ssxvices.

If the $tato doe~ not ste~ in and stiw.ul%ke,support,and oo-
ordinate.privateentie~prlse,or even d&310p its own air service>
civil aeronauticsmust remain confinedto the field 0$ sport and
tourist servioe~,which are the ozilyservicesvoid of risk, at
least if run with a.ir~hips,and are highly remunerativein coun-
tries visitedby grsa~ numbers of foreigners, The most that pri-
vate ente.rprisscould do, would be to s~%end its aotivityto par-
ticulartasks of limf.ted~.mportsnos,Euch.asaerophotographicre-m.
.’.12?“wc)xk~explc’zingof unoul%lva&eQxegior.s,etc.

ly ~ithh the sphere‘ofits omn pe6ul&ar requirements, - &d till
therefozecontributelittle oz nothing to
%hlly diffe~entproblms bound up in the
transportation.

*be solving-ofthe essen-
civiluse of aesiaZ
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To favor the developmentof civil aeronautics,and to stimu-
IZ*C private enterprise towud~ attaining a well-org~ized trans-
portation serviceis equivalentto constitutingin the mosteco-
ncmiealway a solidbase for the possi-blefu~ure aerial defenseof
the country.

Such interestof the State in the creafiionof commercial@vi- .
ation should,at the on’~pet,,manifestitself essentiallynot only 1
&f contributing,with its own Weans, to the SC)~lL~tOnof the most ;
ifi~pcrtanttechnioalproblemsrelqtiveto the civil employmentof
zhe a~rpl~e ~d ‘airship, but also by ma..naging directly,by way Of
expe~iment,a public transportationservice,confiningit to @
passengerline with airshipsand to a postal line with airplanes.”

It is~ naturally,far from OUr idea to suggest that the-State,
notoriouslya bad manager of industria~.servi.oes,should a~s~e
the monopolyof,aeria~services. On the other hand, one c-et
deny that in the present state of things, the State stands alone
as regardsmeans and capacityto try~ with a strongprobabi~ityof
success,an experimentof the kind, and the results of whio,h,if
successful,would create a basis for, and encourage,privat? enter-
prise, as well as furnish importantdata on whioh to determinethe
quota of contributionwhioh the State could give in the matter of
suppmt~ng private industzyand enterprise.

The State oontrtbution to privateundertakingswould probably
have to embracenot only the question of aotual working expenses,
but also that of the initialoutlay for installations. On the
other hand, by supportingthe firms given concessions,in the matt-
er of the heavy expenditureincidentalto fixed plants, will per-
.hs,psbe not only necessary for stimulatingprivate enterprisebut
advantageousfrom a politioal-militarypoint of view because in
all probability,this would lead to the State becoming the abso-
lute owner of air stationsand landingfields, and to conceding
theinonly temporarilyto private enterprise.

In runningthe service the State shouldhave no hand in the
actualdeterminationof the fares or in establishingthe statusof
the personnel (withthe exception,naturally of compu.lsozyinsur-
ace against’accidentsduring flight). The annual governmentsub-
sidy shouldbe given in such a form and measure as would effeotu-
al~y encouragethe ownezs to attainnot only the maximum of safety
and regularitypossible,but also at the same tizne,~ intens.e,traf-
fi.u. The subdd.ycould thereforeoonsist of three disti.notPer-,
tiorls.The first shouldbe proportionalto the number of.kilone-
.tersrun; deduotingheavy penaltiesfor irre’$jularo? suspendedser-
vice”even if due to bad weather. The second should be proportion-
>.tsto the nurti’oez~f pas~engers-kilometersactuallytransportedin
the courseof a year. The third shouldbe nxo~ortionateto the de-
gree of safetyw}lich
ticxtalto the nwibez
flown.

hag been attained,or k bther words, propor-
of accidentsfor every 100~000kilometers ‘

,
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A

COWARISON BETWEEN COSTS OF TRANSPCJU!ATION
\

We will now procded to give a ~O~cj”e%&demonstrationof the
statementsmade above, that for a relativelyintensetrtific,’the “ ,
cost of tran~ortation by airship is @ss than that by ai~~lane. ‘ ~

.

1, GENERAL OHARACTERISTICK!OF THE SERVIOE.

We will consideran aerial serviceooveringa route 500 kilo-
meters long with a daily trafficof 75 passengersfor the out jcur-
ney and the same number for the return journey.

.’

(a) Charaoteristiosof the $ervioewith Airship~.
n ,.

An airshipof the capaoityof 35,000 oubio meters is”more ‘
thm sufficientto trsnspo~t75 passengersover a route of 500 kil-
ometerswithouta stop. However~.thefollowingconditionsindisper.”-
sable to a safe and regular servicemust be i~osed:

. .
A-large reservein znotivepower
A lqrge reserve in fuel
A large reserve.inballast
Great strengthin covst~otion
High traveling velooity-

Assuming the maxi&m velooityto be 120 kilometers.per hour,
and that normally,Qnly one-thirdof the enginepower is used, me
obtain.aflying speed of:

320 = 83.1 km per hour.--
33.

The total power installedon
to:

thsreforethe power

10= - x 1.5 x
.

normallyused

board the airshipwill be equal

V 2/3 V= = 2775 HP

will be 925 HP.

Letus caloulatethe averageactual flying sneed, assuming .
an averagewind of 20 kilometersper houz:

202
w= 83.1 - FL = 78 km per”houz

●

E@ thereforean averagedurationof the jou~ey of:

~ ; 6.41 hours (6 h 258).
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Therefore,for eveyy journeywe get an average consumption

0.25 kiLogramstHPx 925 HP x 6.41 = 1480
eaoh kilometerof the route:

1480— = 2.96 kilOgT~S
500

,pwlalto

kilogramsand for

..5,0-..

I

2.96— = 0.0395kilogramsfor eaoh
75 .

The useful liftim Dower of the airshim,
ing power availablefo~ ~assengers (includi~g
cabins)and for the suppliesof gasolineand oil (ino~udingthe

passenger-kiIometen.

that is to say, lift-
the wei&t of the

weight of the tanks) i~~ 12,885 ~ilograms,

If we imposethe conditionthat the SUpplyof gasolineand
oil must be at least double the normal consumptionof navigation,
that is,

1.06 X 1480 x 2 = 3238 kilograms,

and if for each passenger,taking the cabin into aacount,one es-
timateda wei.~t of 100 kilograms,we should still have available

12,895- (3138 + 7500) = &357 kg.,
. .

which we shouldreservefor the safetyballast in additionto tine
2450 kilogramswhioh we have already taken ~nto account in calGu-
lattng the useful liftingpowez. We have, therefore,an aggregate
of 4700 kilogramsof ballast. . .

Owing to-the short.durationof the journey,the servioe could
be run by only one airship. But.we will estimatefor the purchase
ox’two airshipszin order not to have excessivelimits as regards
time-tables,and beoause it is alwaysbetter to have an airship @
reserve.

We will assume‘thatthe service is run normallyby both air-”
ships end only exceptionallyby one, in the event of the othe% be.
ing out of=commission.

In order to make a fairly acourateforeoastwe will assume
taat with the shelteringand maneuveringsystemsin US8 in Italy
at present and taking into accountthe duration of the fli~t, we
muld have 150 flying days in
employedfor explorationwork
1918, to Maroh 10, 1919, made

one yeax, (Themilitary air~hipM 1,
in the TyrrhenianSea from April 5,
120 flightswitlnoututilizingthe
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full number of flying days.) Therefore,in one year, 300 trips
would be accomplished,and 300 x 500 = 150,000kilometerswould
be flown,

(b)

transporting .

150,000x 75 = 11,250,000 passengers-kilometer.
I

Characteristicsof the Ssrvioewith Airplanes.

In comparingthe airplanewith the airship,it is well to se%
forth the chief characteristicsof the airplane. We will there-
fore selectan airplanecapableof traveling about 200 kilometers
en hour, We will as.wme that the service is run with airplsznes
h&v&a~ the same characteristicsas the !~savoia~[seaplane$.12,..

Velocity : 214 km per hour, Power :“450HP
Useful load :.725kg (pilotexcluded).

While taking into account the rnajoxnumber of flying days, it
is well to assume for an airplme that the averagewind is slightly
greaterthan that for the airship;for example,25 kmper hour.

In this case we would have an aotual averageflying speed of:

214
252w= -==. 211.1 km per hour,

and consequentlyem averagedurationof,journeyof:

500— = 2.37 hours (2 h 22’).
211.1

For each trip we have a consumption of

0.250 kg/HP X 450 HP X 2.37 =
. .

gasolinedid oil of:,

267 kilograms.

Weiwill limit the reserve of gasolineand oil to only 50’#O:
normal consumption. The supplywill thereforehave a weight of
about 400 kg.

AS there wolJd be 325 kg of useful load still available,one
can assume that the airplane.is capableof transportingfour per-
sons on each journey.

The consumptionof gasolineand oil for eaoh kilometerwill
be on an average:

26?— = 0.534 kg.
500
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snd for each passenger-kilometer:
.

0.534— = 0.1335>
4

that is to say, 3.4 times more than when transportationis effec”;-t.
by airship.

In order to tran
YE8

t the daily number of 150 passengers,it
is necessaryto make - . 37 trips, and assumingthat each air-

4
p-e normallymakes the round trip, we shall have 18 airplanesin
service,to which number howeverwe must add, in view of their
short life, a reservenumber of seven airplanes,thus making a tc-
t6L of 25 airplaneswhich it will be necessaryto purchase for
equippingthe service.

The airplanehas a greaternumber of flying days per yesr than
the airship,that is to say, 200. Therefore,in one year 7,500
flightswoulabe made, during,which3,750,000km could be covered,
transporting15,000,000passengers-kilometers.

a. CAPITALFOR PLANT AND ~UIPMENT*

The un$ettledstate of the market as regardsprices makes it
a very diffioultmatter tb estimate,even approximately,the ex-
penses for the plant and equipmentof an aerial service.

However,as our object here is merely to draw a compsxisonbe-
tween the two t~es of transportation,the comparisonitselfwill
not be affectedeven if we are very far out in our estimationof
the expenditure. Thereforeattentionis called to the faot that
our figureshave only a relativevalue.

(a) Servicewith Airships.

Fixed mla.ntq.

For each of the two terminus stationsthere must be provided
a field and hangar with all its accessories(workshop,depot for
fuel, gas generator,stores,officef3,sleepingaccommodation,eto.j.
Each haqgar to be capableof housing two airships. .

For each station-onecan determine,at pzevai.lingprises, an
estimatedexpenditurein round numbers:

Costofgzou,nd . . . . . . . . . . . . . ● c . . . . L,2,~,000
Hangar, steel. . . . . . . . . , . . . . , , , . , , : “ 8>000~000
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Buildingsfoz worliGhops,stores,and offtces . . . . . .
Small house for sleepingaoconmodation. . . . . . . . .
Gas generatorwith relativeroofingand water reservoirs
Water pipes for generatorand for fire-extinguishing. .
Storehousefor gasolineand oil . . . , . . , . . . . .
Garage . . . . . . . . . . . . , . , . . . . . . . . .
Platform for maneuverin~field . . . . . . . . . . . .

W),oco
60CI,000
300,000
300;000
50,000

100;000 \
50,000

Equipment of a@drome (;lectzic,tele@a@o, te~ephonio,
and radio plants, mozkshopmaohinery,z truoks,’2au-
“tomobiles,stgnallingapparatus,searchlights, han~
equipment,furniture,etc.) ‘~l,ooo,ooo

The aggregatee~enditure

. L.

Flying Material.

Total .

for the fixed plant

26,000,000

● ✎✎☛☛ 13,000,000

is

. .

therefore:

The cost of the two airship&Of 35,000 oubto meters capaoity
equippedfor tra,n~orting75 passengers, CIm be roughly estirgated .
at &lx milUon lize (L. 40,000 for eaoh seat).

Working Ca~ital.

We mill fix the working capitalat L. 1,000,000.

THE PLANT EXPENSESS i

(Servioe..with Airships)

Ground . . ..o. ,*c. c . . .. O....., L;..4,000.000
Fixed plants, . , . . . . . . . . , , . . . . . . . n 20;000;000
Equipment of aizdromes . . . . . . . . . . . . . . . ~’ 2,000,000
Flyzngmaterial . , . , , . ... . . . . . , . . . . “ 6,000,000
Working oapital . . . ., , . . . . . . . . . . . . “ 1;000;000

(b)

Total ...,..,..

Servioewith Airplanes.

Fixed PlsntQ.

1

L.33,000,000 ,

For each airplane stationwe would have to provide hangars ca-
pable of’housing at least 15 airplene~. The cost of thesq h~gar8
for each stationwould be 2,500,000lire. ,.

1
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For each station we have:

Cost of ground . . . . . . . . . . . . . . . . L. 2,000,00C
Hangar $ steel . . . . . . . . . . . . . . . . . It 2,5G0,00C)
Euilciings,for workshops,storehousesand

offioes ., . . , . . . . . , . . . . . . ‘~ ::;,:3: ‘
Small housei livingquazters . . . . . . . . . “
Waterptpes . , . , . , ., . . . . . . . . . “ 150; 000 ‘
Depot, gasolineand oil . , . , , , . , . . . . 11 50,000
Garage . . . . . . . . . . . . . . . . . . . ...”. 100,000
~uipznent.. . . . . . . ..i . . . . . . . ..~l.OOO. OOO

‘Total for each station . . . . , . L. 7,000,000
Total for both stations . . . . . “ 14,000jooo

FlvinE material.

cost of airplaneequipped for four passengers:L.160,000
(L. 40,000per seat).

Cost of 25 airplanes:L, 4,000,000, (Note:Duing the last.. .
Years of the late war we paid the followingprioes per kilogram :

Airplanes”(withoutengine)from 35 to 7CIlire per kg.
Seaplanes(withouten~nes),from 70 to 100 lire per kg.
Airships (enginesinoluded)fzom lW to.130 Iire per kg,
Engines from 80 to SKI13.reper kg.

In airplanesthe weight of the en@.~e represents on a average 1/3
of the total dead weight. Roughly we can Gay;-thatthe average to-
tal prioes are:

Airplane= L. 60 per kg. Seaplane= L. % per kg.; Airship=
L. 120 per kg.

In the ease of airplues md seaplan~s, one can assume, for
Coqmtation purposes,that the useful weight (pilot,gasoline,oils
and passengers)is, in military airaraft,about one-halfof the
weight, empty.)

Working Capital.

we will allow, as for air$hips,one million lire.

RECAPITULATIONOF THE PLANT EXPENSESO

(’Servicewith Airplanes)

Ground . . , , , ,4 . . . . . . , ., L. 4,000,000 .
Fixed plants . . . . . . . . . . . . . ~ 1 J 1 I 1 I !1.8,000,000,
~’~lpmentof airdromes . , . . . . . , . . , , , “ 8,000,000
Fiyingmaterial. . . . . . . . . ,“. . . . . . . 1 : ‘1 4,000,000”~
Capital,working . . . . , . . . . . . . . . . . ... “ 1000OOO

Total. . . . . . . . . L.19,~0,000 “
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Remarks,

The relationbetween the plant e~enses of the two services
with airplanesand airships,is equal to ab~ut 0.6..

Generallyspeaking,the cost of tie plmt is a functionof the
type of airplaneemployed,of the flying speed, of the lengthof
the journey,and of the number of passengerstransported,and nat-
urally inoreas=with the increaseof the last three elements. It
is however interestingto note that when the type and the dimen-
sions of the airplue have been fixed, as well as the speedsend
the actual length of the route is consideredas ve.siable,v=ying
in invezseproportionto the n~ber of passengers transported,the
total cost of the plant cm (withindeterminedvalues of length of
course and still maintainingthe conditionsimposedfor the re-
serve supplyof fuel) be held to be independentof the length of
the oourse.

It does not follow thereforethat the expense for interestand
amortizationrelativeto the passen er-kilometer,must necessarily

Yincreaseas”the distenoe inczeases with a cons~uent decreasein
the number of passengers) becuse in many aases the very opposite
may happen.

To understandthis one ~st remember that the number of pas-
sengers-kilometerstr~sportable with a oerttin airplaneat a giv-
en speed is proportionalto the product of two quantitieswhose
sum is a constant (usefulload of the airplane]. Consequently,one
has a maximum when the useful load is divided into equal parts be-
tween the weight relativeto the passengersand the weight.of-the.
suppliesof gasolineand oil.

In the case of airships,fez.example,if the length of the
route is extendedfrom 500 to 1000 kilometers,the amount of capi-
tal requiredfor the phnt is practicallyth same wh~r~&s6the
nmber of passengersis reducedfrom 75 to. ~W~ . , and

consequently,the passengers-kilometersincreasefrom 3?,500 to
38,600,that is to say, the per unit outlay for tntezestend amor-
tizationdecreases.

..
The shove remarkholds, as already stated,as long as a route

of a certain length is not exceeded,beyond whioh the number of the
annual journeysmade necessarilydecreases,end along with it, the
total of annualpassengers-kilometers.

Finally, it must be noted that the cost of plant undoubtedly
imreases in proportionto the potentialityof the plant itself,
that is to say, with the number of passengers-kilemetertransport-
able in one year. It is thezeforeopportuneto charge t’heoutlay
up to the passenger-kilornetez. In our case we have:



L, ~.93 per passengez-kiloineter:sesvi~ewith airships;
‘1 1.26 per passenger-kil~meter:~e~tiicewith airplsnes.

3. “ Interest on, and Amortizationof CapitalExpe@ed for ?lzmt:

We will caloulatethe interestat 7%, the amortizationof the
fixed plants at 3%, and the amortizationof the oost of ~uiptient
at 1~0. We get:

cost
Servicewith -

Airships Airplanes

Intereston capitalfor plant, at 7$.

‘1-

L. 2,310,000 ,
Annual amount of amortizationof fixed

plants, at3$ . . . . . . . . m . .

Amount relativeto equipmentexpenses

Total . . . . . . .

Expenditure”perpassenger-kilometez. . f“~

4. RENEWAL OF FLYINGl&ATERIAL.

The actual life of the flying material depends essentiallyon
the number of hours of flight. However, one must rememberthat
some parts of the structure(and, in the case of airships,partic-
ularly the outsideenvelope)wear out, even though it is SIOwlY~
even when the airplaneis idle. This is inevitableeven when the
greatestoare is taken in maintenance. However, in the instance
we are examiningat present, the renewal of material on account of
wear and tear iS so fr~uently made that we caa excludeall calcu-
lationsreferringto aotual depreciationof the materialwhile in
the hangar.

Sufficientdata are laokin~in order to be able to determine
the actual life of the v~ious @rts of
airplanes. The data whioh we set forth
ly a relativevalue.

Aizsh.imq,

aircraft,pe.zticularlyfor
later on have thereforeon-

From the expediencegatheredwith our airships,we can deduce
that an envelopewill remain in good conditionfor about two years
and a half, approximatelyone thousandflightsbeing made during
that period. As regazds the durabilityof the other parts of the
structure,one can forecastat least double this period of time, .
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Due t~ the faot that the engines.on ailshipsare worked almost al-
ways at a reduced load, it is teasondb~bto suggestthat.theyhave
a life of 500 hours’ flight. Therefore,as we utilize hoxmafiy
1/3 of the engines,they would all have t9 be renewed aftez 3.500
hours~ flight,

Supposingthat on the total cost, the bag represents43%, t>=:
engines10~, and the remainingpats 47%, the annual expenditure
for zenewal.sfor each hour’s flight will be:

(0.43 @.47 +U
100Q )

x cost of the airship= L. 2196, (This
2000 1500

auount;to sayingthat the average durabilityof the whole airship
is about 1370 hours], and with 1923 hours’ flight in one yeas, the
aggregateoutlaywill be approximately:

ity

and

300

.

p%

and

L, 4,223,000.

The outlay for eaoh kilometer’oovered(aotualaverage veloo-
= 78 km per hour):

2196
T

= L. 28.15

for eaoh passenger-kilometer:

28*15 = L. 0.375
?5

Ai~lanes.

As~ing that the
hours’ flight, the

for each kilometer
hcnm):

life of an airplane,engines ixsoluded,is
outlay for eaoh hour’s flight would be: .
160,000= 533.33

300

flown (aotual averagewelooity’= 211.1 km

533.3
ei7 1 = L. 2.53
UA.J.8J,

for each passenger-kilometer:

2.53— ~ L. 0.633.
4

In one year 17,775 hoursl flight are made. The total expendi-
ture will thereforebe: L. 9,480~000approximately.
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COUFAFUSON OF FOR RENEWAL OF FLYING MATERIAL.

Annual expensesfor renewals:
I Servicewith ~
airships~airplanes

Charged
Oharged
Charged

E?.

to each
to each
to each

hour’s flight . . , . . . L. 2196 “553.3
kilometerflown n 28* 15 2.53
passenger-kilouet~r”.”.’.“, 1’ 0.375’ Q.633

‘ Total . . . . . . . . L. 4223.000 9,480.00C

EXPENSESFOR PERSONNEL.
..

Elervioeswith tirshi~s.

(d
*

that

AirdromePersonnel.

For eaoh airdromeone must provide the following

Office, @ . . . . . . . . . . . . . . . . . .
n Administration. . . . . . . . . . . .
n Tm.ffio... . . . . . . . . . . . , .

ChiefTechqichn , . . . . . . . . . . ,.. . .
Oh~efWorkman. . . . . . . . . . . . . . . .
MeohaaiosaqdTailors. . . . . . . . . . . . .
Riggers. . . . . . . . . . . . . . . . . . . .
Servioe,gas. . . . . . . . . . . , . . . . . .
It gasolineand~il . . . . . . . . . . . .
II storehouses. . . . . . . . . . . . . .
lr serological. . . . . . . . . . . . . .
II radio, tele~@io and,telephonic. . .
If “electric.. . . .... . . . . . . . . .
II garage

Laborers ~ . .
Wa*@men . s .

is to say, 120
lay for each person
the personnel,of L.

(b)

ling

Total nuinberof personnel
for eaoh airdrome. . . . . . . . 60 “

1

I

personnel:

3 persons.
4 11

for both @&dromes. Calculatingem average out+
of L. 10,000,we get a total e~-enditurefor
1,200,000.

Auxiliam ManeuveringPersonnel..
-.

of the airship.
Part of the above personnelwill assist @ the actual

~In addition,a maneuveringpezsonnel
hand-
of about

.



-29-

150 men are required. This body of men would not howeverbe per-
manently attachedto the org

Y
Lzation,but woula be drawn fron

some neighboringagriculturaloz.industrialconoern. They WOUld
perform duty on the field only for depar+tiesand arrivalsof the
airships,and would be compensatedon an average of L. 5 per head
for eaoh maneuver. Consequentlythe outlay for this particular
personnelwould amount to L. 1500 for each flight,that is to say:

1500
= L. 0.040 per passenger-kilometex+

75x 500

a total of = L. 450,000 a year.

(c) N.avi&atirkPersonnel.

Eaah czew would oonsist of the folloming:

1 Commander
1 Second Commander
2 Steersmen
1 Chief Motorist
3 xotori8tB
1 Radio Operator
1 Laboxer .
1 Rigger
1 Mechanic

Total : 12 persons

,.

One would have two complete mews, apart from the reserve
pexsonnelwhich would be includedin tineairdromepersonnel.

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

Atiannualsalaryof... . . . . . . . .. L.1O.OOO
Flying pay, for each flight . . . . . . . . 1’ 50 .
Life InsuranoePolioy of L. 500,000
correspondingto an annual premium of “ 1! 2,000

‘ As eaoh airshipwould make 150 flights & year, the otitlayfcr
each flight would be:

12(”-’ -1-50)= L. 1560, ..
.

equal to:
, 1560— = L. 3,12 for eaah kilometezcovered,

500
and

3,1.2 L. CL042 for each passenger-kilometer. ,~-
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The total annual expenseswould be : L. 468~000~

Se~vicewith Airplanes. ‘

AirdromePersonnel...—

Fxom the airshippersonnel list @ven above we will-deductthe
workmen of the gas serviceand the tailors,and reduce the n~ber
of riggers,substitutingtwo or three fabrio workers. On the other
hand it is well to increasethe number of motoristsas well as the
number of permanentlaborers,in view of the inozeasednumbez of
enginesemployedfbz the service,there being no awiiliarylaborers
for the maneuveringoperations. On the whole, one would have to
provide for each airdromea personnel of about 75 individwlsc ‘

Total animal expense:75x %x 10000= L. l,50030~OC

Navi~atingPersonnel. ““ ‘ -.—

For eaoh airplanein active servicethere is only
The motoristsare consideredto belong to the airdrome

the pilot.
personnel.

It is assumedthat the pilot receives a fixed salazY,Plus ~
flyingpay, and a Life Insuranoe Polioy,@ut in order to siWlifY
the computationof the expense,we suggestthat it amountsto
L. 100 for.eaohflight, that is to say:

..
~o~= L. 0.20 for each kilometercovered

,.
equal.to:

0.20
L. 0.05 for each passenger-kilometer.~=m.

The total annual expenditurewill be:

L. 750,000
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EXPENSESFOR PERSONNEL’

Expenses.
.

Aird.xomepersonnel

Auxiliarymaneuver-
ing personnel

Navigatingpersonnel

We

( Annual total L:.

[ Per passengerkm, ~

(For each fli@t
(Per pas senger
(Annualtotal

(For each flight
(Perkm. flown
(Per passenger
(Amual total

11
u

tl

fl
It
{1
n

Annual total expense

Expezkeper passenger
.

MAINTENANCEEXPENSES

n
1!
n

11

n
n
II

R

km;1

Serl

~

airships

1,200,000

0. 1G6

1,500
0.040

450,000

1,560
3.12
0.042

468,000

2,118,000

o*1888

ice with——
airplane~

—

1,500,009
,.

(). 10’2

100
0.20

0.050
?50,000

2,250,000

0.150

calculatethe expenditwes for maintenanceas follows:

Fixed plants at 3$
Equipment

4
1! 5

l?~yingmaterial 1’1

usintenanW&ZZ&”

~

Service with
airships airplanes

!
For
For
For

Per

fixedplsats
equipment
flyingmaterial

Total

passenger-kilometer
f

!1
!1

L

1!

L. 600,000 240,000
100,000 100,000
600~000 I 400,000

1,300,000 740,000

0.116 0.049
. .

. .



-32-

?,. ‘ 00NWTION OF ??UELO

As regardsthe consun@ion of gasolinesad oil we have found
the followingvalues:

Consumption .~.;:.Esxvice.I@f% ...——
airshi~s aim kn~ s

For each hourls flight kg.

“ 1’ ~~

231 112.5“
For each kilometeroovered “ 11 2.96 0.534
For each passenger-kilometer tr :.03:5 0.1335 ~
For the entire journey . 11

● ,267 ~ .
t! , ““ 444,000 2 ;002,000

airships aizplanes
Expensesper passenger-km. L. 0.197 0.667’

Total annua~ expenditure L. [2,220,000 I10,030,000
. . .

The relativeexpenditurewas oomputed on the basis of an av-
ezage price gf 5 lire per kilogram.

Cons~tion Of Gas for Ai.rShiPJ&
.!“

Approximately,an equal numbez of oaibicmeters of hydrcgen.as
kilogramsof gasolineand oil, is consumedfor,each kilometez.f19wn
The total annual consumptionwill be thereforeabout 444,000 cubio
meters, that is to say, 222,000 for each airship;and 61o ouhio
meters for each airship eae~ day. ,“

NOW, an average supply of‘%1Ocubic meters per day is suffi- “
cient to maintainthe airshipwith a good liftingpower, provided
the bag is we~l construota$. It is not necessaryto provide for
aay othex consumption,ofgas for the washingproqess. s

,.,.
Cost of Hydrogen.

Last year the cost of hydrogen compressedin cylinders,deliv-
ered at the Terni zailway stationwas L..0.30 pex oubio meter.
In this figure the expenseol!!mainten~oeof the oylindersis in-
cluded. It is necessaryto add the expense for interestand amor-
tizationof the cylindersthemselves,whioh are assumed to be,the
property of the air servicecompany. Computingthe total expendi-
ture at L. 1,125,000 (4500aylindersat L. 250 each) one oan gage
th~~ relativeannual expense to.be approximately.170,000lir.e,.that“
is~ L.O.40per oubto meter.
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For &h &t&2agd Us+mfb of 166 kilometers,which We will as-
sume separatesthe gas-pzoducingGbnterfzom the airdrome,the
transportationexpensesto aud frotithe @4 faato~ till come tb
about six.lireper cylinder (weightof the cylinderis about.one
quintal),that is, L. 0.60 per oubio meter.

T&king finallyinto account the trm~ortation menses of the
cylindersfkom the railway stationto the airdrome,and baok again ~
from the stationto the gas works, one c= oalculate,thatthe ag- .
gregateexpendituretodayper cubic metez of gas would not be moze
than L. 1,60,

Thereforewe have:

For every hour’s flight L. 370
For every kilometercovered f: 4%’5 ‘
For each passenger-kilometer !1 0.063
For eaoh journey n 2375 .

. .
Total per annum L 732,000.: . .

COMPARIsON BETI?EENTHE TWO SER’WICES AS REGARDS

AGGREGATECONSUMPTIONFOR NAVIGATION.

4
Expenses .Servioewith

airplanes airships

8.

For every hour’s flight L. 1525 562,”5
For every kilometezcovered n 29*55 2.67
For eaoh passengez-kilometez !1 0.261 Q.667

Amual totai L 2,932,000 10,010,000

GENEFwLEXPENSESs AND INSURANCEFOR PASSENGERS.

2he general expensesinoludeprincipally:

Cons@tion of electriopower.
Consumption for automobile‘transportation.
Stationery,
Various taxes.
Compulsoryinsuranceof workingpersonnel of airdromes.
Insuranceagainst fire for fixed plants.

We will estimatethe amount to be K@ of all the preceding
working expense%



34-

It is well to take into aocount also the expensesfor the in-
suranceof passengers,which we assume to be proportionalto the
y~ise of the trip. We shall estimateit at 5% of the total amount
of all the working expenses,exclud&@.gthe preceding generalex- 1
ptinwss.

IUZCAPITULATIONOF THE WORKING EXPENSESPER PASSENGER-KM.

Exp~nses

[
fixed plants I

Interest& amortiz-
ation (fl~~g

Renewal of flyingmaterial
..

(of..airdrome

mater-II

fl

n

Personnel (navigating n
(a~;;x~gy for maaeu- !’

Mainte-
[f‘:::tpl=ts & aui.p- nname

(flying material n

Consumptionfor navigation n

. e
General e~enses & insurance

of passengers L,
..

airships

0.238
10,276

0.038)

0.375

0.106)

1
0.042 0.188
O*040

0.062)

0.054)0.116

0.261

1.216

0.282

0.59
,..
1.25

2.37

0.39
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Tcital L,
.

[
relativeto fixed L,

of which plants.

(~el~t~e::::y~ng n

Total expenditurefor every w
kilometercovered.

Service,with

Li~ShipS airplsmes

--L
1.398

I
0.860

0.467 0.254

0.931 1.606

105 “ I 7.4

Re3.ation
between
the ex-
penses of
the two
services.

o.?5

1.84

0.58

14.2

Relationbetween the Single Items of Expenditure..—.— —

and the Total Expense.

I

Expenses
servicewith

airships atiplanes

1 Interestand amortization
2 Renewal of flying material
3 Persoqnel expe’nses
q Maintenanceexpenses
5 Consumptionfor navigation
6 General expenses . .

CONCLUSIONS.

1. From the above two tables, one

L
11

. 11
11
11
II

0.20
0.27
0.13
0.08
0.19
o* 13

0.06
0.34
0.08
0.03
0.36

[ ‘0.13

L.!1.00 I 1.00 -

gathersthat the expenses
for interest,amortizationand mainten~m, as well as those for
the airdromepersonnel,represent,in the ease of airships,33.4%
of the total working expenses,and foz airpleaes13.6%. .

Now, it is olear that for obviousconsiderations,the above
mentionedexpenses (referredto the passenger-kilometer)rapidly
ciecreaseas traffiobecomes more intense. This increaseis met,
when possible,either by increasing the number of journeysof the
aircraftor by increasingtheir number, or by increasingtheir di-
Werisions.



It followsthereforethat with the increase of traffio the
economicaladvantagewh~oh the airshiphas over the airplane}be-
comes stillmore accentuated. By increasingthe number of jour-
neys of aircraft,or by increasingtheir number, leaving their di-
mensionsunchanged,the relation between the total working e~enses
per passenger-kilometerhas a tendencyto be oonfusedwith the r’~-
lationbetween the aggregateamountsof the e~enses, which can he ‘
consideredto be approximatelyproportionalto the number of jour- ‘
neys made, that is, the expensesrelativeto consumptionfor navi- .
gation~to renewalof rollingmaterialand to the navigationper- ,
SuiLIlelb

In our particul~ case, the total amount of the expensesznen-
tioned above, increasedby 15% foz general expensesand insurance
of passengers,is 0.931 for the airship,and L. 1.616 for the air-
plane. The relationis 0.58.

The increasingof the dimensionsof aircraftwould, generally,
bring about a reductionin the working expenses,provided of course,
the additionalspace 2s used to advantage. This is due to the fact
that the expensesof the navigatingpersonnelof consumptioriand
of,renewalper passenger-kilometer,decrease,althoughnot indefin-

; ~$’or=@rshipsthe limit is that oubuturewhich we c,all
●

Consideringthis and also the fact that there is no doubt of
the possibilityof being able to greatlyincreasethe dimensions
of airshipswhile the same possibilityis problematicalin the
case of airplanes,one concludesthat in the relationbetween the
transportationcosts of the passeng~r-kilomete~,the economicad-
vantagewhich the airshiphasover the airplanewould probably ex-
ceed even the limit mentionedabove.

Naturally,as trafficdecteases,we get exactlyan opposite
result. The expensesrelativeto fixed plants and to the airdrome
personnel, make their weight Selt in the determiningof the cost
per unit of transportation,and the advantageof the airship over
the airplane suffersfirst, then disappearsand finallybeCOll188 a
negativequantity.

2. .Wehave already stated that the expensesfor the hangar do
not weigh very much on the cost of transportationby airships,.pro-
vided of cnurse that the traffiois sufficientlyintense, Thus, in
our example,the expensefor their erectionis eight million l$re,
and the relativeannual expenseis 13% of this amount, that is,
L. 1,040,000which is equal to L. 0.093 per passenger-kilornet,er,or
barely 6.* of the total expense,

This also justifiesour renark that it is of no advantageto
be sparingin the matter of this expense,and that it is profitable
in the long run to sustaineven a greaterexpenditureequipping>
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for example,the hangar with side wind-scseensor with a mechanical.
device for the entranceand exit of ths airship,when by su~h.me~s
it is possibleto increasethe yearly ~ber of flying *YS= .

Thus, for exsmple,”by assumingthat such auxiliaryappliances
entailan extra expenditureof two million ltre, ~d conswuently
a greaterworking eqendihre of L, 260,000~er snnum (makingit
yossible,however,to have BOO flying days insteadof 150) the ag-
&.’egateamount of expenditurezelativeto the fixed plants (inter-
est, amortization,maintenance)and to the airdromepersonnel,in-
creasesfrom,L.5,090,000to L. 5,376,000,but with refereno~to
the passenger-kilometer,the e~nse decreasesfrom L. 0.449 to
L. 0.a58, not to mention the indirectadvantagesaccruingfrom a
greaterregularityof service.

Data Relative to Airp].anesand Airshins Constructedin

GermanvDuri.tw the War.
*

The followingtables giv~data relativeto the characteristic
types of airplanesand airshipsconstructedby the Germans’during.
the w&”. The useful loado inolude: the crew, armament, gaSOltieS \
oil, x> in the case of airships,ballast.

The valueswhich I h&ve computedifithe last column (produot
of the unit useful Load by velocity]representproportionallythe
Potentialityof trampoztation, and azso the mezimum distanceat-
tainablewithout a st~.

Taking as a basis ‘ti&.evelooityvalues of the varioustypes of
airplanes,I have cfic~latedthe averagevalues of the useful loads
at the vazious speeds,and on su~ basis have dzawn the relative.
curve shown after the tables.
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Total
af3cen-

sional
fo~ce

kg,

25,900

2
5,700
1, i)oo

6 ,300
$6 ,200

7t3,~oo
p , 00
&;3g

64,too
11>500

16,200
35,6C0

OHARACTERI~TIC

Ur3efulload

kg.

t3,’7oo
15,600
17, mo

2

2El, 00
39* 00
51,000
13,200
15,800
19,500
35>300

?:3%’
l~;ooo

TYPESOF GERMA1’1AIXsHIPS.

TOW. as-
~en~ional
force.

OS 3
i’O* 3

0.43
0.45
0.62
0.65

$35

0:u
0,55
0.29
0. -jq
Q.50

Max.

Power

HP

60
28’0
60

?41, 0
1,200
l,gg

/340
960

Useful load

Max. power
kg. .

per HP

1 .8

21 .6

Velocity

km.
per hour

7
92

$

122
~1

#

7/?
79
90

U$eful load &
velocity

Max. power

I
‘4
Oa
I
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Cons tr~ctirq

firm

Albatross
M

Iokker
n

U

Luftf tiug-!
Ge&

RwnP;er
Siemens-
Schuolsert

n
II

FOkkex
II

n

Type

D II
DV
D VI
D VII
D VIII

DQIa
LiVIb
DI

D 111
D IV
D VI
Dr. I
EI
E Iv

CHARACTERISTIC

‘e~gh”

mpty

kg.

TYPES Ol? GERMAN PURSUIT AIRPLANES.

Useful” load

%5*

225
235
190
218
2tlo

Mo
180
190

lseful LcIad

Fetal load

0.251
0.25
0.32 i
0.241
0.331

0.220
0.220
0.236

0.305
0.299 .

:. 9
%

0; p 2
0.356 ~

Max.

)owex

HP

160
160
110
N35
140

160
U!Dj
Wj

160
160
160
110

go
160

keful loai

Max. power

.Gkg/HP

1.40
1.47
1*73
1.18
1.43

1.12
0.97
1.03

1,44
1.44
1,44
1,7~
2,22
1.61

Veloc~t:

km.

per how

175
165
200

:2

190

%

lf30
190
220
200

%

Jseful load &
veloct ty

Max. power

245
241.
346
236
2g6

25
27ii
317
356
Z%g
29

I
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CHl@ACTERISTIC TYPES OF GERMA?? RECONNAISSANCE AIRPLAEES .

Constructing

f~rm

Albatros
AiE. G.
Aviat~c
Deutcche Flugzeug
Hslberstadt

11
w
n

Hannover
Jurdmrs.-Fokllex
Luftfahrzeu~ GeB.
Luftverkers Ges.
Ruqler

U

Sablatnig
Zeppel~nwerke
Albatros

a

A.E.G.

Jmik;rs-Fok2s r
Gotha

Ii

.—— . . ..

T
e ighl

Type
emp~

kg.

LlOeful loti

%.

CIV
C:, :j-y

c l-v
C III
Cv
CL II
CLrv
Cv
C VIII
CL V
CL.I
C 11
C VI
Crv
C VII
c 11
CL.I
31
J II
J1

900
890
INN
$)$0
970
701
65$
900

?%

@
930

1,050

1,050
1,080

71$
19399
1, 17

i1, 55
l,4t30
1,766
l.,wo
2,420

I I

Useful 10M

rotalload

0.39.3

;:g

0:269
::y;

CpJ

0;325
0.3 3
0.
$0. 0;

0,33
0.356
0.293
0.321
0,321
0.227
0.21
0,16 i
0.161
0,186
0.343
0.225

Max.

?Owel

HP

160
220

%
160
220
160
160
200
260
185
160
160
200
260
260
260
160
200
200
200
200
2(-JU
~oc
52C

—.

Ueeful loac

Max: power

kg/HJ?

—

3.25
1*95
2.15
2.00
2.25
2*O9
2.31
2.30

2:: ;

22. 2
3.25
2.30

H?
1.96
2.12
2.05
2.05
1,42
1.42
2.05

?:;2

Telooit~

km/hour

145
lF&190

165
3

?10
155
175
la
Mo
190
185
190
165”
170
175
175
:YJ

140
140
150
150
155
130 ‘
1s0

Jseful load
& velooity

fax, power

471
361
355
316
3$8

?04
I

287



CHARACTERISTIC TYPES OF GERMAN BOMBARDMENT AIRPLANES.

Com5truoting

firm

A.E. G.
Sablatnig
Albatro6
A,E.G.

n

Friedriahehafen
Gotha
Rurnpler

n

Siemsns-sohuck
Deutsahe Flugz.
Linke-Hofmem
Siemens-schuck

n w
n u
n n

Zeppelinwerke
S@aJcen
a

w

w
U
n
n
w
n

II
n

Ty-pL3

NI
BI
G 111
G IV
GV
GIVa
GV
GI
G III
LI
R II’
R 11
R
RI
R VII
R VIII

R 11
R 111

R IV

Rv
R VI
R VI
RVI
R VI
R VII

R4-4t
i?X?v

—..

T
Reight

Usefti load
empty

kg. kg.

720
1 *PO: Cm-
2,064 1,086
2,400
2,700 Ul&iao
2;iiloo
2,570
l:9g13
$45

E;6%
“pg

4;200
6jw0
10,500

6, 00
z8, 00

9,600

9,600
8,200
8,200
9,000
9#300
9,700

10,200
LO,000

A.. -

if, Luu
1,325

O,*O
1,235
2,000

i
,860
*000

l,oca
1,200
l,lwjo

5500-7mo

3,000
3,(IOO

3,200

3,400
3,2ca

:;%
3>575
3,300

4, 00
4,%0

.-—

Jseful loal

Total load

o. Xl
09%9
0.345

T:: 1;
0.4 2

f0.3 0
0,320
0.341
0.312
0.325
0.333
0.200
* 122

03&:a000

0.316
cJ,25J3

0.250

0.261
0,280
o.2t30
0,164
0. 27~
0.254

0.2
0.2%
____ .

!&Lx.
power

HP

150

t
00
00

g:

520
g

520

,%;
,040
660
450
7~o

,800

720
,020-
L)220,
,020-
L,220~
>2 5
(J

’96:
,040
,040
,020-
1,220
,I!2

2,22>
..-

Jseful load

kix. power
kg/HP

~j46-
3.50
2.71
2.

?
‘?5:0
2*4
:.13

72: ~
3.71
3.&34
i. 2

22* 7
2.37

3.05-3.89

4.17
2.6Ef

. . .. ..- :.

Velocity

km/hr

;;$

10
12
14 z
142
140
1

?15
125
132
130
120
130
Ijo
125

120-135
n

n

w

w

n

II

n

II

n

0

—

Useful load
& velooity

Max. power

.. - . ., - - .

I

$

I



AverageVariation of the Useful Loads

5,4

3. Q.

2.6

2.2

1.8

1, 4

1.0

0.6

0.2

.
1.

per H.P. in &lazion to the Velocity of the Airplane, “

(&rrr.anAiroraft).

Velocity in kz. /hr.


