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gine.
111echamcal ‘energy stored up 1n the com-

radius of action of the boat under water. -
On the annexed drawing, Figure 1 shows |
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To all whom W may concern:

DBe 1t known that 1, Cesipio DEL PROPOSTD

a subject of the ng of Italy, residing at

lwme Ttaly, have 1111?@11ted certain new and
_u_s(,ful Improvements in Propulsion of Sub-
marine Boats; and I do hereby declare the
following to be a full, clear, and exact de-
seription of the same.

This invention has for its object to im-

prove the means of production of energy for
the, propulsion of submergible or submarine
hoats of ever y kind, plopelled under water
by compressed air (without batteries of elec-

tric 1((11111111&&01‘5) and to .1ncrease their ra- |

dius of action under water while maintain-
ing on board an energetic ventilation and a

(,mnfortabl{., temperature.
sion of submarine boats of this type while

under water, the compressed air, has been

until today utilized in one of the two fol-
lowing: -manners: (1) The compressed air

stored up in suitable reservoirs, is used to |
feed a compressed air-motor which drives

the propeller shafts and then discharges out-
side- the boat. . (2) The compressed air 1is
utilized merely to support the combustion in
the cylinders of an internal combustion en-
In the former case 1s utilized the

pressed air, in the latter case energy 1s pro-
duced by bulmnﬂ' in the cylinders of the
motor the oxygen contained in the com-
pressed air.

By adopting the system hereinafter set out
the same compressed air can be utilized suc-

cessively 1n the two ways mentioned above,
and consequently, increases considerably. the
total work which can be ‘produced by means |

of a given quantity of alr at a certain pres-

sure. dIld therefme all other - conditions |
| either the same compressor —b6

| storing the compressed air during the surface

being equd] it increases in the same rate the

schematically by way of example the ar-

rangement of the different parts:of the mo-
tive apparatus, and ‘Fig. 2 a longitudinal

section of a submarine boat accordmg to the
present invention.

In said drawing, —1—2—3— él repre-
sent the four cylinders of an explosion en-
gine by means of which the boat - while navi-
gating at the surface is propelled and air 1s
stored up through a compressor —6— driven
by- the propeller sha,ft —5— 1nto su’ltable
reservoirs (—9—. ,

or 1

'1110' out from the - cylinder —1-

For the propul-

cylinders —1 Q-

and —2—

Each cylinder 'of an explosion engine of a
convenient type (Diesel for instance) can be
made to act as a compressor of air at a cer-
tain pressure depending on the construction
of the motor. Then the compression of the
air in the reservoirs can be performed (when
the boat 1s navigating at the surface) by ar-
ranging one or more cylinders of the poly-
uylmduml motor, either the cylinder —1--
and o’ for instance each as an
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air ‘compressor, while the other cylinders

3— and —4— continue to work as usual,

and further to drive a subsidiary COI‘l’lplES‘aOl -

6-—— which brings the compressed air com-
and —2—,
of the motor to the normal pressure of the
reservoirs; thus the complessmn will be
made 1n two successive steps and in two dis-
tinct engines. The air compressed in toe
reaches the com-
pressor —6 through the pipes —13— and
—21— respectively. By such arrangement
the power and also the weight and encum-

“brance of the mdependent compressor can. be
reduced considerably.

DHI‘H]G' th{-} navwatwn 1111’;181 water the

energy. for the propulsmn of the boat will

be supplied both by a compressed. air motor
and by the internal combustion motor,

which, under water is kept running just as
The air escaping from the -
~compressed alr motor, is discharged into the
| inside of the boat, c1rcul‘1tes ﬂu ough same
the
internal combustion motor, and dlacharﬂed
as combustmn £ases out51de the boat.

1n the open alr.

and ventilates it and then 1s aspire d by

A

separate engine may be employed as a com-
pressed air motor; but in order to diminish

‘the weight and encumbrance of the machinery
on board it is better to use, for this purpose,

used for

navigation (provided that its construction al-
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lows it to be reversed) or one or more cylin-

ders-for instance the cylinder —1— or —1

of the internal combustion motor,
(which in -this case, should be ol}rcyhn-
drical) and this can alwavq be done in such
motors which are started normally by means

of compressed air. In the first case the com-
‘pressed air coming from the reservoirs —9—
1s directly immited in the cylinders of the

compressor —6—. The exhaust valve —22—
allows the air escaping from the compressor
to dlscharge in the pipe —12—. In the latter
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water, the eylinders of the mternal combus-
tion motor work partly in the usual way,
and partly as compressed air motors, so
that the compressed air which is brought to
a suitable pressure by means of a reducing
valve —10——, passing through the subsidiary
8—, reaches first the cylinder

1— which acts as a compressed air motor
or the cylinders —1— and —2— when the
valve —23— is open, is then discharged

through the tube —12— in the inside of the

boat and is aspired by the other cylinders of
the internal combustion motor through the
tube —14— by means of the pipes —15-+,
and discharged outside the boat at —106—
through the pipes —13—and the exhaust
box —11—. |

I'rom the foregoing it appears clearly that
in the aforesaid system the same air is util-

ized firstly to produce energy in the com-
pressed air motor, by its expansive force,

and then, after having ventilated the boat,
it 1s utilized In combination with an appro-
priate fuel to feed an internal combustion
engine and thius is enabled to develop a sec-
ond time thermal energy for the propulsion.

This system therefore reduces considerably

the total consumption of air per H. P. trans-
mitted to the propeller shafts. With the
same object in view, viz. to reduce the con-
sumption of air for each H. P. developed it
is advisable to use on board a compressed air

motor which may be fed at the highest pos-

sible initial pressure, because, as 1s well
known, the consumption of air per effective
H. P. in compressed air motors diminishes
when the admission pressure increases. It
is also advisable to select for this purpose an

internal combustion engine 1n which the con-

sumption of air per effective H. P. be the
smallest possible; therefore it 1s also to be
preferred a motor with a high final pressure
(Diesel type for instance) and the average
pressure of which (average given by the dia-
ogram of the indicator) be the highest possi-
ble. Such a motor possesses the advantage
not only of consuming the smallest possible
quantity of air, but also of ‘being less influ-

enced by the counter pressure in the dis-

charge phase, which counter pressure, 1n a
submerged boat; depends upon the depth of
the immersion and tends to diminish the
power which the motor can develop. 1t 1s
also known that the air consumption of a
compressed air motor can be reduced by
heating previously the compressed air to a

convenient temperature; it is known as well

that said consumption can be still reduced
considerably if the compressed air 1s pre-

viously saturated with steam at the temper-
ature of admission.. Moreover the result of |
these two-operations is to increase the tem- |
perature of the air at the escape and thus to |

prevent the formation of ice in the cylinders

case. therefore, during the navigation under | of the compressed air motor; therefore it 1s

convenient to adopt botli in the submarine
boats of the aforesaid system.

In the compressed air engines working 1n
the open air, the heat necessary for the pre-
liminary heating and for the saturation of

the compressed air 1s obtained by the com-

bustion of an appropriate fuel but this must
be avoided as much as possible on board of

“submarine boats because the combustion of

the fuel rvesults finally in an additional con-
sumption of air. It 1s possible to reduce or
even to avoid completely any air consumy-
tion for this purpose: (1) by utihizing as
much as possible in performing said opera-
tions the heat still contained 1 the escape
oas of the internal combustion motor; (2)
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by increasing if necessary, the heat contained .

in said gases, by burning in their midst a
convenlent fuel: and this s always possible
because the gases escaping from the mternal
combustion engine - contain unavoidably a
considerable percentage of unburned free oxy-

gen, which, under suitable conditions can

support the combustion of a certam quantly
of fuel. Practically the heating and the sat-
uration of the compressed air will be per-
formed by circulating the compressed ar

“within a closed vessel —11— 1n the ordinary

apparatus provided therefor, with the ex-
ception however that said apparatus have to
be heated in the manner mentioned above,
that is in the exhaust box by means of the
exhaust gases -escaping through the pipes
— 13— from the cylinders —2—3—4 '

for the utilization of the compressed air,
coming out from the reservolr —9— and
reaching the cylinders —1— and —2

thiough —10—8 —11—15 — 18 —21-— lo0-
oether with the heating and saturation by
heat of the exhaust gases, in the exhaust box
—11—, it 1s possible to reduce the consunmp-
tion of air per effegtive . P. developed on
the propeller shaft down to limit« heretofore
unknown. And in fact, all other conditions
being equal; the weight of the machinery

0
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By employing the above mentioned process

105

110

on board becomes much less than the weight

of the machinery for submarine boats pro-

pelled under water by a battery of electrical
accumulators, or even by compressed air
utilized in the manner now generally 1n use.

The total efficiency of the compressed air
utilized as a motive power is reduced: (1)
by the losses of energy in the compressor,
(2) by the losses of energy in the compressed
air motor, and also by the fact that the pres-

- sure in the reservoirs is..generally higher

than the allowable initial pressure m the

compressed air motor, so that the use of a

reducing valve —10— is necessary, while
the preliminary heating and saturation -of
the compressed air by means of the exhaust
pases of the explosion engine is an excel-
lent method of utilization of the heat stored
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in said eases and tends to enhance the total

fficiency mentioned above. By conveniently
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reculating the work of the various parts ot

the whole plant it is possible to increase the

total efficiency of the compressed air used
in this way almost up to unity.

‘In the foregoing the fuel consumption bas
never been considered, because, during the
navigation under water it 1s very small 1n
comparison with the consumption.of air and
hecause the difficulty of storing the necessary

fuel is beyond comparison less than that of
- storing‘the compressed air. |

4 s

cal pressure in a submarine

The barometri

bost of the type considered must remain al-
most constant, during the navigation under

water ahd not much different from the ordi-

nary atmospheric pressure and independent

frem the depth of immersion of the boat.
This condition is evidently required by the
welfare of the crew and also ‘for the satis-
factory working of the explosion engine,
because the air pressure in the machinery
room is an important factor in the working

of the engines and 1t contributes 1n deter-
mining the pressure developed 1n the cylin-

ders, and influences the combustion as well
as the extreme temperatures of the cycle;

therefore considerable variations of pres- -
sure in the interior of the boat are not ad-

missible.. The barometric pressure insideé

the boat undér water will remain stationary
provided - that the quantity of exhaust ar

escaping from all the compressed air engines
(on board, besides the compressed air motor
which produces the energy for the propul-

‘sion, there may be other compressed air en-

oines for varlous services, the exhaust of
which is discharged also inside the boats)

he equal to the quantity of air aspirated by
the explosion engine, and expelled, together
with the combustion gases, outside the

boat. The indications of a barometer per-
mit therefore to ascertain whether the afore-
said correspondence 1s maintained and show
how to eventually regulate the pressure.
‘Should the pressure begin-to differ from
the normal one, as the quantity of air ab-
sorbed by the internal combustion motor

cannot be easily modified, then, m order to

vetstablish the balance and to maintain the

pressure stationary, ‘the best way is to

modity, automatically or by hand, fb]lo-w-'
ing the indieations of the barometer, the

quantity of air admitted mto the compressed
Lir motor —1:— which supplies partly the

energy for the propulsion.

The température in a submarine boat of

‘the type: deseribed during the navigation

under water tends to increase because of the

heat radiating from the internal combus-
tion motor and at the same time 1t tends to
diniinish because the exhaust air of the com-

pressed air engines althongh having been

‘previously heated is cold; there is therefore

' a certain compensation. Within certain

limits and by the application of the means
-generally known it is possible to diminish-
the radiating heat of the motor and also the
temperature of the exhaust air of the com- 70
pressed air engines; but the best protection
against the elevation of the temperature 15
‘afforded by the ventilation, which 1s very
energetic in the boats of the type deseribed
beeause the whole air, which 1s directly or 75
indirectly used as motive power is utilized

in 1t. .

A serious inconvenience in the submarine
boats driven under water by an internal
combustion motor is the bad smell produced 890
by the emanations of the fuel (mineral oil,
benzin etc.) reaching in the interior of the
boat through insufficiently tight joints of

the pipes or due to leakages in various parts

of the engine; to prevent the spreading of 65
said emanations into the part of the boat
occupied by the crew the following arrange-
ment is adopted. The exhaust air of all
the  compressed air engines —I1— is dis-

 charged inside the boat at the end 12— 90

thereof usually.occupied by the crew, while .
the aspiration of the internal combustion
motor. —1—2—3— takes place at the op-
posite end —14— of the boat, so that the
whole- inside of the boat is constantly Yo
swept by a draft of air. In any . point
whatever of the boat the speed of said air -
current is in inverse ratio of the free cross
section afforded to its passzage; therefore by
means of suitable partitions —24— it will 100
‘be possible to increase considerably the
speed of the air current where it will be
necessary and -arrange said partitions for
instance in such manner, that in proximity.
of the engines the current be strong enough 105
to carry off to the other end of the boat
any emanation where the foul air i1s ab-
sorbed by the aspiration of the internal com-
hustion motor. . _ o

To keep the boat at a constant.depth dur- 110
ing the navigation under water, the welght
of the boat must remain unaltered; there-
fore in the boat the weight of the exhaust
gases of the internal combustion motor dis-
charged -outside must be substituted by an 115
equivalent weight of water; and as the
weight of the exhaust gases (at least for
certain types of internal combustion mo-
tors) is almost in proportion of the num-
ber of turns of the motor, because the quan-- 129
tity of air absorbed at each piston’s stroke
is almost unvaried; and the weight of the
fuel burned can be neglected in comparison
‘with the weight of air necessary for the
combustion, so the loss of weight, suffered 129
by the boat in consequence of the expulsion '
of the exhaust gases, can be compensated

by providing a water pump 25 of con-
venient capacity and actuated by the motor .
for instance conveniently connecting same
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the pipe 26 when the motor is running. The
weight of the exhaust gases at each turn
ot the shaft being a known. quantity by a
given motor, it follows that it will be an
casy task to determine the size and the speed
of the water pump which will keep the load
of the boat unvaried. |

1t 15 desirable that the discharge of the ex-
haust gases of the internal combustion mo-
tor be suppressed when the boat gets very

near the enemy because the bubbling caused

15-at the surface of the water by the sald ex-
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‘the hull are able to sup ,
figure out, that before such limit is reached,

haust gases may help in detecting the pres-
ence of the boat. To avoid such inconven-
lenice; the propulsion in sald case-is made
as follows: When the boat is very near the
cnemy, her engines are run exclusively as

compressed air motors, the exhaust air of
which 1s discharged, as before, into the

inside of the boat. Under these conditions
the barometrical pressure in the boat will
imcrease slowly up until the maximum which
the men of the crew and the resistance of
port. It 1s easy to

a suflicient length of time will elapse to
allow the boat to get away to a distance,
where the bubbling can be no more no-

ticed. Then the engine is again run, ex-

clusively as an internal combustion motor

in the same manner as when the boat is at

the surface of the water until the baromet-
rical pressure in the inside of the boat
lowers -anew to the normal atmospheric
pressure; at this point the normal propul-
sion by the compressed air motor and the
explosion engine will be resumed. It should
be remarked however that, as the internal
combustion motor could not work, properly
where the external air pressure is sensibly
superior to the atmospheric pressure, on

the air 1nlet pipe must be provided an au-
tomatic reducing valve, —18— which brings

the air pressure down to the value conven-
lent for the normal working of the motor.

In passing it showld be remarked that by

«nch a process the air is utilized twice as
in the former case, but the two steps of the

cycle are successive instead of being simul-.

taneous. 'Therefore by adopting the system
above described, the discharge of the ex-
haust gases outside of the boat can be sup-
pressed during a limited -time, and of this

possibility the boat will take advantage

whenever the bubbling of the water at the
surface becomes dangerous. =

In submarine boats for military service,
‘the reduction to a minimum of the time re-

quired by the boat to pass from surface navi-

gation to the submerged position is a very

In submarine boats, for military services,

044,776

~with the propeller shaft, which pump in- | it is important therefore, to perform this
troduces water from the exterior through .

operation as quickly as possible and this can
be done by producing a vacuum in the bal-
last tanks, for this purpose an air pump may
be used, but the best means is to so arrange
some of the cylinders of the internal com-

‘bustion motor as to enable them to act as air

pumps, for instance the same cylinder —1
which according to the various circumstances
acts as an 1nternal combustion motor, as a
compressor, as a compressed air motor, and
as an alr pump.

Claims:

1. In a submarine boat, an engine having
a plurality of cylinders, an air compressor
driven by said engine and a storage reser-
veir wherein the compressed air is stored:
one of the cylinders of the engine adapted
to act as an air compressor, to effect a first

step in the compression of the air while the

boat navigates at the surface, air connections

from sald compressor cylinder to the first-

mentioned compressor to complete the air
compression, connections from said reservoir
to said compressor,-said air compressor op-
erated by the remaining cylinders of the en-
gine working in the usual way.

2. In a submarine boat, the combination
- of a polyeylindri¢ explosion motor for pro-

pelling the boat; an air compressor for serv-
ing at will as an air motor to assist in pro-
pelling, a reservoir for compressed air, con-

. nectlons between sald compressor and res-

ervolr, and connections between the latter
and a plurality of cylinders of the motor,
whereby the latter is adapted at will to op-
pulsion.. - _ | T
3. In a. submarine boat, the combination

of a polycylindric .expl_osi(jﬁ motor for pro-

pelling the boat, an air compressor driven
by said motor, a compressed air reservoir
connected with - said compressor, means
whereby several cylinders- of the explosion
motor are enabled to act as a compressed air
motor at will to assist in the propulsion, and
a reducing valve inserted between the afore-
said alr reservoir and cylinders. .

4. In a submarine boat, an engine for pro-
peliing the boat, an air compressor which,

at will, acts also as a compressed air reser--

volr, means for admitting compressed air
from the reservoir into the air compressor

while acting as a compressed air motor, ex-

haust connections from said compressed air

connections from the interior of the boat to

the engine, to supply air to the latter. -

5. In a submarine boat, the combination
of a polycylindric motor for propelling the
boat, an air compressor driven thereby, a
compressed air reservoir connected there-

; _ _ “with, means whereby the air compressor and
~ unportant feature. -‘The immersion is ob- |
65 tained by filling' with water-ballast tanks, |

a plurality. of cylinders of the explosive

motor are enabled to act, at will, as a com-
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-erate as an air motor to assist in the pro-
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‘motor to the interior of the boat, and feed
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‘as a compressed alr motor,
pressed

of the boat, and
 maining cylinders of

propelling the boat anc
valve, a compressed alr reservoir and con- .

pressed alr motor,

closed vessel for

‘pression of

pressed a 1’

molor to -sist 1 the propul-
o1 of the boat, connecuons for allowing the
compressed air of the reservours to reach

directly into the cylnders of the air com-
as a compressed air

pressor when acting
motor, connections from said cylinders of

the engine with the alr compressor for al-
lowing the exhaust aiv of same, when acting
to pass into the
cylinders of the engine aciing also as com-
4ir motors, means for discharging
the exhaust air of the latter in the interior
means feeding into the re-
the explosion motor,
i taken from the mterior of the boat.
6. In a submarine boat,-the co:nbination
of a combustion engine for propelling the-
same, a compressed alr motor to assist 1n
and having an exhaust

nections for feeding compressed air to cyl-
said motor, a closed vessel for
receiving and- circulating compressed air
coining from the reservoir b3fore reach-
ing the cylinders aforesaid - of the com-
and connections between
of the engine and said
allowing the exhaust gases
of the engine to heat the air which is eir-
culated in the closed vessel. | "

7 In a submarine boat, the combination
of a polycylindric engine for propelling the
boat, an air compressor,
oine, a compressed air reservoir connected
fherewith and wherein the compressed alr 1s
stored, a plurality of the cvlinders of the
thermic engine adapted to act, at will, as air
compressol's to effect u first step in the com-
) the air, connection from the alr
reservoir to the alr compressor whereby the
l.tter is enabled to act, at will, as coIN-
pressed air motor to assist an propulsion-of.
the boat, suitable connections between those
cylinders of the engine where the first step
of the conipression of the air is effected and
the air compressor where the compression of
air is completed, and a closed vessel for re-
ceiving the exhaust gases of the engine 11
order to heat the compressed air’ coming
from the reservoir before reaching the aw
compressor when acting as a cOINE ressed alr
motor: o L -

8. In a submarine boat, the combination
of a polycylindric engine for propelling the

the exhaust valve

|

|
!

i
|
|
|

boat, an air.co

pulsion of the
" gases of the cylinders

| heating apparatus, .

| the boat under water,

near the surface of the water,

compressed alr motor

O

storage. reservoir for compressed air, a num-

mpressor driven thereby, a”

55

ber of - cylinders of the thefmic engine

adaptedito act,

to effect-a first step. of the compression, and
o, compressed air motor to assist in-the pro-
boat, a reducing valve in-
serted between the air réservoir and the
mentioned cylinders of the engine, and a
heating apparatus for receiving the exhaust
acting as explosion
engine, and 2 conduit connecting the storage

yeservoir,with the cylinders aeting as com-

pressed- air motors and passing through the

hereby
gases are utilized for heating the air

circulates in said conduit.

which

ot will, as alr compressors -

60
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the exhaust-
70

9. In a submarine boat, a motor {for driv-

ing said boat, means for
to also drive a compressor, when the boat 1s
suitable
d compressed air, a
{o assist in propelling
connection ffom the res-

&M
U

reservoir. for storing sai

causing sald motor.

75

ervoir to said compressed air motor for sup-

plying compressed air to the latker,an exhaust

‘valve provided on said compressed air mno-

driven by said. en- | cylinders of the engine.

' charging the exhaust

tor and through which
the interior of the Loat, and inlet valves on
the engine and which, when the boat 1s un-
der water admit the air from the interlor of
the boat ‘for Supporting combustion in the

'10. In a submarine boat, o compressed air
motor and a combustion engine
. 4 » . . » q
plurality of cylinders, a condult for dis-
alr motors. at one
conduit from the

which act as compressed
end of the boat, another
inlet valve of the englne
the boat, for supplying air to the cneline,
and partitions provided 1n convenient places
in. the interior of the boat and reducing, at
said places, the clear seclion. to increase the
speed of the ai current which goes from
one end of the boat to the other. -

In testimony whereof, -1 have

sioned My

| name to this specification in the presence of

}

!

|

two stbseribing witnesses.
'CESIDIO DEL PROPOSTO.
‘Witnesses: - '

J. Grox,
IfI.,A. JOHNSON.
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air is discharged 1mnto ’
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