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ABSTRACT

This report considers severzl possible methods of driving submarines
submerged. Of the considered methods, many are of no value, while engin-
eering analysis of others shows that systems can be developed which would
make possible the design and construction of submarines having military
characteristics greatly superior to the present storage battery submarines.
It is concluded that two systems, in addition to the electrolytic geas sys-
tem now being studied at this Laboratory, warrant development; these ares

(a) The heat-storage system; in this, heat is stored in hot sub-
stances and used to generate steam for submerged propulsion;

(b) The Diesel-liquid oxygen system; in this, liquid oxygen is
generated and stored for use in driving the Diesel engines
subnerged.



AUTHORIZATION

1. This study was authorized by Bureau of Engineering letter NP14
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(d) American Society of Navel Engineers, Journal,

42 536 (1930).

STATEMENT OF PROBLEM

2. The military limitations inherent in the present type storage
battery propulsion system for driving submarines submerged are widely rscog-
nized. Most serious of these limitations are the limited submerged cruising
radins and low submerged speed. With the storage battery propulsion system,
improvement in the cruising radius must depend upon increasing the capacity
in watt-hours and ampere-hours per unit of weight and of space of the battery.
Consideration of available information on the possibility of future research
developments in storage batteries indicates that only & limited improvement
in capecities can be foreseen in the next few years — too small an improve-
ment to increase materially the military value of submsrines. Possible in-
creases in battery capacity of perhaps 20 to 50 per cent can be anticipated,
but improvements of the order of 100 per cent in the submerged cruising
raedius of submarines should be sought. It is therefore desirsble to examine
the merits of other systems for propelling submerged submarines in the hope of
finding a practicable system which would give a greater cruising radius and,
if possible, obviate some of the other disadvantages of the storage battery

systen.

3. In this report a number of systems for submerged propulsion of
submarines will be examined. Many of these are at present not feasible,
but may become so in the future; others can be dismissed at once &s imprac-
ticable; but some are considered worthy of furtier study.

POSSIBLE SYSTEMS OF SUBMARINE PROPULSION
A The following systems have been suggested:

(1) The del Proposto System. In this the Diesel engine for surface
propulsion is used submerged as a compressed air engine operating from com~

pressed air stored in high-pressure tanks (Plate 1(a)).

(b) The Neff System. In this, too, the surface Diesel engines are
used, being fed with Diesel oil and with air from high-pressure compressed
air storage tanks. In the early form of the Neff system the exheust from
the engine was forced overboard near the propellers with a resultant wake.
In the later modification, exhsust gases were compressed and returned to
high-pressure tanks within the submarine. The compressed air tanks were
recharged on the surface with Diesel-driven air compressors. (Plate 1(b) and

Appendix A).



(c) The Electroiytic Gss Uystem. Internal combustion engines are drivan
by burning compressed hydrogen and oxygen stored in high-pressure storege
cylinders. These cyiiaders are recharged on the surfuace by electrolysis of
water in high-pressure electrolyzers using curreat from Diesel-driven generu-
tors. The hydrogen and oxygen gases msy be stored sepsrutely or generated
and stored as a mixture. {Plate 2(c))

(d) The Stesm Accumulator System. Oteem turbines are fed with high-
pressure steanm from a steam storage tank (steam accumulator). This sccumula-
tor 1s recharged on the surfuce from an oil-fired boiler (which, of course,
also drives.the submarine on the surface with the same turbinss). (Plate

2(d)).

(e) The Solution Cycle System. This is a modification of the steam
accuuulator system in which the exhaust steam from the turbine while operai-
ing submerged is caught in & "solution transformer®™, that is, in a concen-

rated solution of sodium hydroxide (whence the name "soda-boiler").

The high tewperature soda boiler is then used to generztz stean
to drive the turbine. The system is recharged on the surface by refilling
the accumulator from an oil-fired boiler and at the same time concentrating
the soda solution by evaporation. (Plute 3 and Appendix B)

(f) Fused Solid Storage System. A turbine is driven with steam gen-
erated by a heat-storage boiler, the heest being stored in molten salt mix-
tures or in molten organic substances such as diphenyl oxide. The systea
is recharged on the surface by remelting the salt mixture (or reheating the
organic liquid) with oil heat. (Plate 4(f) and Appendix C)

(g) Bot Solid Heat Storage System. A turbine is driven with steam
(or other working fluid) generated by & heat-storage boiler, the hezt being

stored in hot solid substances. (Plate 4(g))

(k) Liguid Oxygen Diesel System. In this a Diesel engine (or other
internal combustion engine) is used, Diesel oil being burned with oxyzen
stored as liquid oxygen. The exhaust gases -~ containing steam, nitrogen,
carbon dioxide and carbon monoxide —- are run throuzh a condenser to con-
dense the steam, through a cooler to remove the carbon dioxide, and then to
& regenerator in which oxygen from the liquid oxygen storage is added. This
regenerated "air® is fed again to the engine. The system is recharged by
means of a liquid oxygen plant with Diesel-driven air compressors. (Plate
5 and Appendix D). .

DISCUSSION OF POSSIBLE SYSTEMS

5 Some features of these several systems may now be considered,
in particular their chief advantages and disadvantages.

(a) The del Proposto System. The outstanding deficiencies of this
system are the wake formed by the exhaust alr and the very small enmergy
content of compressed air; these make this system valueless.

(b) The Neff System. A submarine using this system was actually
built privately and put throuzh trials about 1920. It is said to have

= 2



shown greatly increased submerged speed and submerged cruising radius over
contemporary submarines. This system has the advantage of using the identi-
csl power plant for surface and for submerged propulsion. The chief defi-
ciency of the early Neff system was the formation of a wake by the nitrogen
and carbon dioxide gases in the exhaust. With modern airplane scouting, this
disadvantage is, of course, so serious as to rule out this system. The
luter Neff system, in which the exhaust gases are stored within the submar-
ine, has the serious drawback of poor weizht efficiency -~ heavy steel cylin-
ders being required to store the compressed air and the exhaust gases.

(c) The Electrolytic Gas System. It has been stated in the public press
that the German Navy has actually built a submarine employing this systen.
The component parts have been developed intensively in Germany and elsewhere
in the last few years. The use of hydrogen in internal combustion engines
has been studied by Erren, while the high-pressure electrolyzers have been
developed by Noesggarath and others. This system is now being investigated
at this Laboratory under authority of reference (a).

(d) The Steam Accumulator System. 4an elementary form of this systenm
has been used on submarines. It dates back to 1887 when Nordenfelt built
a steam submarine. OSince then the components of this system have been widely
developed and used ashore in Germany. Steam accumulators are used extensively
for stand-by and peak-load power production, and turbines having suitable
characteristics to give good efficiency from stored steam have been developed.
There appear to be no insurmountable obstacles to adapting these components
for submarine use.

The advantages and disadvantages of steam for submarine propulsion
are well known, largely as a result of British and French experience with
their K-class and Dupuy de Lome and Gustave Zede submarines respectively.
Among the disadvantages are the difficulty of insulating the high tempera-
ture parts of the system, the difficulty in designing and constructing sat-
isfactory watertight smoke overboard discharges such that they could be
secured rapidly and not increase the diving time of the boat, and the dangers
inherent in having large quantities of high-pressure steam, especially in a
ship subject to machine gun attack. It is believed that the purely engin-
eering difficulties can be overcome.

(e) The Solution Cycle System. The soda-boiler system of submarine
propulsion was suggested by D'Zguevilley-Montjustin a few years before the
World War. It was tested by the German Navy, but the tests were stopped by
the outbreak of the war and, so far as is known, have not since been con-
tinued.

This system has all of the disadvantages of the plain steam accum-
ulator system with the added dissdvantages of the complexity of the soda-
boiler. Its advantages are chiefly the increased thermodynamic efficiency,
but this increased efficiency becomes less and less as the steam accumlator
pressure is increased; with moderm steam accumulators the use of the soda-
boiler addition is probably not justified.

(f) Fused Solid Storage System. The use of steam accumulators as a

means of storing heat requires the use of high-pressure storage vessels
which are heavy and dangerocus. Several engineers have suggested that it

B



would be better to store heat in molten solid substances at high temperature
but at low pressure. In this case the heat is stored as latent heat of fusion
(in contrast to the latent heat of evaporation storage with liquids), and as
the heat capacity of the material heated to a high temperature. Paralleling
the development of steam accumulators for stand-by and pesk-load power pro-
duction in Germany, German engineers have developed fused-salt mixtures for
heat storage for emergency power production. The salt mixtures are melted in
off-peak-load periods, and then used to generate steam on demand. Suitable
salt mixtures having the requisite properties of non-corrosiveness, high latent
heat of fusion, non-expansion and solidification, etc., have been developed.
The chief disadvantages of this system are the high temperatures used and the
difficulty of insulating against them, and the heavy weight of fused salt re-
guired. In the United States, organic chemical materials, such as diphenyl
oxide, have been widely used.

(g) Bot Solid Heat Storage System. This method was suggested informslly
to the Bureau of (Stedﬁf Engineering about 1920 by an engineer of the Generzl
Electric Company. He contemplated using a large body of refractory aaterial,
such as fire brick, which would be heated to a high temperature and, being
well insulated, would serve as a heat-reservoir, this stored heat being used
to generate steam for submerged propulsion. As the heat capacity of solids
is small compared with the latent heats of evaporation and fusion of the sub-
stances considered above, high temperatures with the consequent heat insula-
tion difficulty would be required to obtain the requisite weight and space
characteristics. The weight and space characteristics would compare favorably
with the diphenyl oxide and fused salt storage systems if solids of s maximum
heat capacity were used.

(k) Liquid Oxygen Diesel System. This system has the advantage that
the same Diesel engine would be used for submerged as for surface propulsion.
Further, most of the component parts have been developed to a high degree aand
are widely used ashore. The production of liquid oxygen aboard ship offers
some difficulties, but these are not insuperable, as is indicated by the fact
that the U.S. Army has developed portable liquefiers for use in producing
liquid oxygen for the Air Corps in high altitude flying. These Army liquid
air plants are mounted on motor trucks whose engines supply the power. A4ll
of the component parts of this suggested system make use of equipment familiar
to chemicsal engineering unit processes.

It is not known whether this system has ever been tried aboard sub-
marines, but the patent {Appendix D) by the eminent German engineer, the
late Fritz von Opel, proves that it is being considered in Germany. The
care and detail with which this patent has been drawn up indicate that Von
Opel has developed this system to a high degree.

ENGINEERING ANALYSIS OF FEASIBLE SYSTEHS

6. From the sbove discussion it appears that of the several schemes
considered only the following warrant further analysis:

Electrolytic Gas
Steam sccumulator
Fused Solild

Liquid Oxygen-Dissel



Pending completion of the development of the first at this Laboratory, no
final decision as to its value can be given. To indicate the possibilities
of the other three systems, a sketely engineering-weizht analysis mey be made.
To do this the engineering weizhts for propulsion plants for the U.S.S.
SHARK will be drawm up. The weights for the Diesel battery system of the
SHARK eare as follows:

(Generators A77-206 lbs, 44,400
(Motors Bo;000 " K900

Main Engines (and Auxiliaries)
(4 engines, 1300 H.P. each) 105,800

Storage Batteries 356,600 ™

Steam Accumulator, U.5.S. SHARK

e In this, it is assumed that the electric-drive is retsined, so
that the motor and generator weights remain unchanged. Next, it is assumed
that the total weizht of the Diesel engines and storage batteries

Diesel engines 105,800 1bs.
Storage Batteries 6,600 "
%22,400 4

is to be used for installation of steam turbines, a steam boiler and a

steam accumulator. It appears that a steam-driven submarine would only be
feasible if a Velox boiler were used. Taking the best estimates (reference
(b)) of weight for such a boiler as 10 pounds per H.P. (complete with auxil-
iaries) gives a boiler weight for a 5000 H.P. plant:

Velox Boiler 50,000 pounds.

Weizht estimates for turbines suitable for use with steam accumulators are
not available, although many such have been built. Estimating the turbines
to weigh 20 pounds per H.P. gives

Turbines 100,500 pounds.

8. There remains a weigzht of 300,000 pounds to invest in a steam
accumulator. From data given in reference (c), it is estimated that a
steam accumalator (300 pounds per square inch initial pressure) of this
weizht would have a storage capacity of 4500 H.P. hours (assuming no mechan-
jcal losses), or an estimated effective storage of 3600 H.P. hours. This is
a greater energy storage than the best storage battery at high rates, but is
less than a good storage battery at low rates.

9. An outstanding drawback to the steam accumulator is that some
6 tons of hot water must be carried to generate 1 ton of steam. If the
remaining 5 tons of water is a charge against the engineering weight of
the whole ship, then the steam accumulator does not compare favorably with
other storage systems. But if, in a Treaty-limited design, this weight
were not counted, the comparison would be less unfavorable. Decision as to
sultability of the steam accumulator propulsion system therefore depends in
part upon interpretation of the provisions of the Londom Naval Limitstions

Treaty.
i



10. Apart from weight and space considerations, there is no doubt
that a steam-accumulator submarine could be designed and built. All of the
component parts of the system are in wide use ashore.

1l. It may be considered that tae figures taken for the weight
characteristics of a small steam surface propulsion plant are unduly optim-
istic. As illustrative of what has been attained in the development of such
small plants, the characteristics of a 1600 B.H.P. plant for a German patrol
boat may be given (referemce (d)). The weight of the camplete system, in-

* cluding boilers, auxiliaries, engines, shafting and propellers is about 20
pounds per B.H.P. and the fuel consumption is less than 0.78 pound per B.H.P.
Also, the above discussion assumes the use of electric-drive; geared-drive
would considerably reduce the estimated weight required.

Fused Solid Heat Storage, U.S.5. SHARK

12. In this, too, it is assumed that the electric-drive is re-
tained and that the Diesel engines and storage battery weights are to be
used to install a steam sysiem, the steam for submerged operation being gen-
erated in a fused-solid boiler. With the Velox boiler and suitable tur-
bines, there remains a weight of 300,000 pounds to invest in the fused-solid
boiler. Thermodynamic data for the fused salts are not availsble, so the
high~boiling orgaaic chemicals so extensively used in heat-transfer opera-
tions in the United States will be assumed. Of these, Dowtherm C, a product
of the Dow Chemical Company, appears to be most suitable. If this is stored
at 800°F, a 300,000 pound boiler would have an ideal storage capacity of
about 27,000 H.P., hours, far superior to any storage battery. The heat
thus stored could be used at high efficisncy in a steam turbine.

13. The oustanding difficulty of this system is that of insulating
against the hizh temperature required for maximum efficiency. With modern
Naval heat insulators, this difficulty is not insuperable. Even were lower
temperatures accepted, the system would still give a submarine of superior
military characteristics. Inherent in all steam plants is, of course, the
lower efficiency compared to a Diesel plant. Presumably, therefore, some
of the 300,000 pounds weight would be used to increase the fuel supply to
compensate for the increased surface fuel consumption.

1. The development of a steam-driven heat-storage submarine pro-
pulsion system would make possible the construction of high-surface-spsed
submarines having long underwater cruising radius. The heat-storage tank
could be recharged on the surface in a short time while the submarine was
underway at full speed.

15. In this discussion the use of orgenic materials for heat stor-
age is assumed. 1t is of interest to note that if 300,000 pounds of metal-
lic aluminum were used for heat storage at 800°F, the ideal storage capacity
would be about 15,000 H.P. hours.

Diesel-Liguid Oxygen Drive, U.S.S. SHARK

16. In computing the engineering weights for this system, it is
assumed that the present Diesel-electric drive is retained unchanged and
that the weight of the storage batteries is availeble for replacement by
a liquid oxygen generating and storage system. It is further assumed that

i



two main engines totaling 2000 H.P. at a maximum will be used submerged and
that the liquid oxygen plsnt will be of sufficient capacity to recharge a
one-hour?s full-speed drain in 7 hours.

17. Oxygen Consunption. Assuming .4 pound of oil per H.P. hour,
the oxygen consumption at 2000 H.P. would be about 2700 pounds per hour.

18, Oxygen Plant. To recharge a one-hour’s drain of 2700 pounds
in 7 hours would require & liquid oxygen plant of 200 liters per hour cap-
acity. The estimated weight of such a plant is 170,000 pounds.

19. Oxygen Storage. ILigquid oxygen sufficient to run submerged at
full speed for 10 hours could be stored in all-metal "thermos-bottle"™ stor-

age tanks.

Oxygen weight 27,000 pounds
Storage Tank 23,000 ®

Total 50,000 "

Of the totel (storage battery) weight of 357,000 pounds, there remains a
weight of 137,000 pounds for the condensers, heat interchangers, etc.
Since these sll operate at low pressures, their weights should be low in
spite of the large quantities of gas dealt with.

20. This liquid-oxygen system has apparently been developsd in
Germany. The patent disclosure {Appendix D) by the famous German automo-
tive engineer, the late Fritz von Opel, shows that he had such a full ap-
preciation of the principles and operations involved as could only have
been obtained from experimental development.

21. The entire propulsion system is made up of components which
are in extensive use ashore and are common in chemicel engineering prac-
tice. Thus the development work necessary to adapt this system to ship-
board use would not be extensive.

22. It may be seen that the liquid-oxygen-Diesel drive makes
possible a submarine having a very large submerged cruising radius at
high speed, together witkh the large surface cruising radius which charac-
terizes Diesel plents.

23. The outstanding deficiencies of the system are the long time
necessary to recharge the oxygen storage (with oxygen plants in their
present stage of development), the possible excessive noise in submerged
operation, and the large spece required for apparatus to handle the large
volumes of exhaust and intake gases (assuming that azir and not pure oxygen
were used in the engine).

Rhs To diminish these deficiencies of the oxygen system, it
might prove advantageous not to use the Diesels for submerged operation,
but to use instead simple gas turbines modeled after the Mark VIII tor-
pede power plant but burning pure oxygen. It is estimated that a com-
plete engine for 2000 H.P. could be constructed with 2 pounds per H.P.,
or with 4000 pounds total (the weight of the complete afterbodies of 10
torpedoes, each of which can develop 100 H.P. with air, is 4860 pounds).

= o



Such a power system would use pure oxygen (plus water for cooling the exces-
sively hot combustion gases) and the exhaust would have only about one~fifth
the volume of the exhaust from air-operated Diesels.

25, The types of power systems here considered are becoming of in-
creasing interest &nd importance to engineers. Developments in this field
will therefore doubtless be rapid in the future, and will probably be more
rapid than will be the improvements in storage batteries. If this proves
to be true, then the superiority of these systems for submarine propulsion
should be even greater in the future than at present.

26. It appears probable that the submerine of, say, 20 years hence
will be driven on the surface and submerged alike by gas turbines which are
fed with eir on the surface and with oxygen from liquid-oxygen storage sub-
merged. Such a submarine would have &n enormous surface snd very large sub-
merged cruising radius.

CONCLUSIONS

7. From the above study, it is concluded that there zre at least
two systems of submarine pubuwerged propulaion the development of which
would make possible the construction of submarines having greatly improved
military characteristics. The first of these, the heat-storage boiler
(probubly employing an organic chemical substance for the heat storage
medium), would require the use of steam propulsion; the second, the liquid-
oxygen system, would require modification of the present Diesel system. The
development of hoth of these systems is feasible and could be done by the
present personnel of this Lzboratory; in the development of the latter sys-
tem, the experience of this Lsboratory uniguely fits it to undertake the
work. It is considered that the engineering development of these systems
could best be done by developing pilot plents of, say, 100 H.P. which could
be exhaustively tested.

28. The conclusions from the above studies are summarized in
Tables 1 and 2. In Table 1 the energy storage for & given spece and
weight of the seversl systems is compared, while in Table 2 & rough com-
perisen is given of the characteristics, military and enginesring, of
the several systems.

29. It is considered that the new systems discussed are not
alone superior in military characteristics to the storage battery at pres-
ent, but that they hold greater promise for future improvement.

30. The liquid-oxygen system is considered of possible importance
to the Bureau of Leronautics. Stratosphere flights, for example, may
eventually require the carrying of liquid oxygen for the engine. Presum-
ably the development of power plants for stratosphere flying will tend
toward use of gas turbines energized by fuel oil and oxygen stored as
liquid oxygen.



RECOMMFNDATIONS

3w It is therefore recommended thate

(&) The development of the electrolytic gas storage system (reference
(a)) be continued.

(b) The development of & liguid-oxygen power system for a 100 H.P.
Diesel engine be undertaken.

{c) Detailed study of the possibilities of heat-storage systems be
underteken in consultation with the Dow Chemical Company (which bas de-
veloped shore installstions of this charecter).

(@) The development of & heat storage system of 100 H.P. be started.



Lysten
1 Hr. Rate
Storage Bettery 10 n
Lzo 1 n

Stean Accumulator, High Rate

Dowtherm C Boiler 800°F
Aluminun Boiler  800°F
Fuel 0il-Liguid Oxygen

1l Hr. Rste
Storage Battery <10 " "
20" fn

Steam sccumuletor

Dowtherm C Boiler 800°F
Aluminum Boiler  800CF
Fuel Oil-Liquid Oxygen

TABLE 1.

Comparison of Energy Storage Systems

Energy storage for 100.060 1lbs. weight

Horsepower Hours for

100,000 1lbs. weight Notes
950 These figures are for the highest capac-
1800 ity cell tested by the Materizl Lab.,
2000 Navy Yard, N.Y. Weight is for bare
cells.
1800 Idesl, no thermsl or turbine losses
included.
9000 Idezl.
5000 Ideal.
57000 «4 1b. oil per B.H.P. Hr. assumed.

Energy storczge for 1000 cubic feet space

1500 High capecity cell.

2900 Bare cell.

3200

1000 Ideal. No losses.

4500 Ideal. No losses.

8100 Ideal. No losses.
38000 Assuming .4 1lb., Diesel oil per

B.H.P. Hr'



Military Characteristics

Surface crulsing radins
Submerged cruising radius
Time to recharge

Diving time

Otber Characteristics

Danger to operating personnel

Skill required of operating
personnel.

Ease of detection from noise
gensration.

Expense - Initial and upkeep

TABLE 2.

Comparison of Characteristics, Propulsion Systems.

Diesel-
Storage Battery

Large

Small

Medium

Small

Medium
Hpdium

Large

Steam
Accumule tor
Medium

Small
Small
Mediun to small

Large
Small
Small

Fused-Solid
Steam
Medium
Large
Small

Medium to small

Small
Smell
Small
Medium

Diesel-
Liguid-Oxygen
Large
Very large
Medium or large

Medium to small

Medium
Medium
Medium to lerge

Medium
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This invention relates to submarines, and,
in some of its characteristic features, although
not necessarily limited wholly thereto, relates
to submarines of the general type disclosed

5 in the patent issued to John M. Cage, 1,126.-

616, on January 25, 1916, and also of the type

set out in Patent No. 1,172,992 granted to me

February 22nd, 1916, as the assignee of Allen

Hoar. Inthesubmarine of said Cage patent,
10 propulsion, both on the surface and sub-

merged, is by means of combustion engines,

dispensing with the storage battery drive
now generally in use for under-water pro-
pulsion. Xt is provided in that patent that

15 air for the combustion engines be stored and
carried at high pressure in flagks; the engines
taking their air from the interior atmosphere
of the submarine, which interior atmosphere
is supplied from atmospheric air while run-

20 ning at the surface and from the storage while
runping submerged. The exhaust gases, in
the Cage patent, are compressed and expelled
overboard by an exhaust compressor operated
by the engine.

26 TIn the Hoar patent the propulsien is by
combustion engines, both at the surface and
submerged, as in the Cage submarine. In
the Hoar system, however, the exhaust gases,
after being cooled and somewhat condensed,

50 are compressed and expelled overhoard by

using the energy of expansion of the stored

air,

In the submarine in accordance with my

resent invention I utilize both these prior
1deas and, among other things, my present
invention provides improvements upon those
former systems. The present invention,
however, contains other improvements in
submarines, as will be set out later. Gener-
ally speaking, the object of the present inven-
tion may be briefly summarized under the fol-
lowing heads: '

(1) Toimprove the efficiency and range of
action of submarines which are driven ex-
5 clusively by combustion engines;

(2) Toimprove the flexibility of operation
and control of such a submarine;

(8) To provide such a system of operation
that the submarine can either travel or lie

50 under water for comparatively long periods

without betraying its presence by any ex-
pulsion of fou! or exhaust gases; and

(4) To provide for the accomplishment of
all these and other things in a unified and
co-ordinated systemn of such nature asto allow 85
flexibility of utilization of energy.

Many other objects and corresponding ac-
comj:lishments will he apparent from a con-
sideration of the following detailed descrip-
tion. The system about to be described uti- 60
lizes that system of propulsion now common-
ly imown as “electric”—the system in which
the final propulsion motors are driven direct-
ly from generators operated by prime movers,
without ani;intervening electric storage. In 6
adapting this electric drive to a submarine,
and particularly for purposes of increased
flexibility in operation, and for efficient use
of the limited interior space, I divide the
engine-generator sets into several sets of dif- 70
ferent sizes, any or all of which may be used
for driving the propulsion motors.

Such division leads both to efficieny and
flexibility of operation. For instance it en-
ables very slow speed propulsion of a sub- 75
marine without the usual very low engine
efficiency. It also makes for better propelling
efficiency as the propellers are designed for
operation only by the propulsion motors, in-
stead of being designed as a compromise for so
efficiency between operation by propulsion
engines and propulsion motors. And at the
same time, this division of the power plant
into units of different sizes enab?es the units
to be located with high space-using cfficiency 86
in the tapering hull of the boat.

In thus utilizing combustion engines ex-
clusively for propulsion power, the present
system provides for efficient air storage and
for efficient use of the stored air and also 90
of its energy of compression; and also for
efficient use of the heat of combustion which
otherwise would go to waste from combus-
tion engines. The air is initially compressed
to storage by compressor units driven by the 95
combustion engines. On coming out of stor-
age the air is reduced in pressure by stages
and is heated by heat exchange with sea
water or heat exchange with the engines, at
each stage of cxpansion. The maximnm
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amount of energy of compression is thus kept
in the stored air. The air pressure at the
several stages may very conveniently be used
for Diesel engine operation, such engines
being the preferred type of prime mover se-
lected for submarines. Utilizing thus the
several stages of air pressure, the necessity
of compressor units on the engines them-
selves is eliminated. In other words, a single
compressor unit or compressor plant serves
for all purposes in & complete unified sub-
marine system,

To utilize the energy of compression of
the air, I prefer to provide an air pressure
motor such as an air pressure turbine which
drives an electric generator which in turn
delivers its output into the common electri-
cal system which feeds not only the final
propulsion motors but also all other electri-
cally operated appurtenances of the boat,
such, for instance, as the lighting system
and the small pumps necessary for ventila-
tion when the submarine is at rest. Thus,
by making such arrangement for utilizing
Lge energy of compression, that energy is
utilized under any and all circumstances of
the submarine.

With this general idea of the system in
mind, the invention as a whole, and many
other objects and accomplishments, will be
best understood from the following detailed
description wherein I set forth, in more or
less specific details, the preferred and illus-
trative form of the invention, reference for
this purpose being had to the accompanying
drawings, in which:

Fig. 1—1a is a more or less diagrammatic
plan of a submarine equi]éped with my sys-
tem; the complete figure being divided into
two parts for convenience of illustration;

Fig. 2—2a is a similar section elevation;

Fig. 3 is a diagram illustrating the inter-
relations and interconnections of the various
elements in my system. In this diagram
’Piping interconnections are shown in heavy
ines and electrical interconnections in light
lines; and

Figs. 4 and 5 are vertical sections of a
typical Diesel engine unit as may be used
in my .

As the description proceeds it will be noted
at various points and as regards various fea-
tures of the described system, that the inven-
tion is not necessarily limited to the particn-

* lars described. It may, however, be noted at

the outset that the system is not at all nec-
essarily limited to the use of Diesel engines,
except in some particulars wherein the sys-
tem is especially adapted to Diesel engine op-

* eration. On the other hand, broadly speak-

ing, any type of combustion prime mover
may be utilized.
In the drawings a typical hull is indicated

. 2t 10 and a typical super-structure at 11. The

hull is divided into several various compart-
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ments and, in general, will contain all those
compartments, tanks, etc., usual or desirable
in 2 submarine. Such things need no partic-
ular description here. The propellers 12 are

directly coupled with and driven by the pro- ¢

pulsion motors 13, which motors may conven-
tently be located in the stern of the hull close
to the propellers, or, if the propellers be ar-
ranged forwardly in the hull, then the mo-
tors will in that case be arranged in the for-
ward part of the hull close to the fmpellers.

In the stern portion of the hull I place the
several engine generator units, each of which
comprises a Diesel engine 15 and a generator
16. In the present instance, I have shown
three such units at each side, with the lar;
units of each set forward and the small units
aft; so as to utilize to fullest advantage the
space within the tapering hull. Just forward
of the engine units are shown two compressor
units 17, each of which may be of any suit-
able number of stages; and each driven by a
motor 18. Alongside these compressor units
the air expansion flasks or reservoirs 19, 20,
21, may be situated. These are shown as
three in number as I show the air as being
expanded in three stages. Of course any suit-
able number of stages may be used for air
expansion ; I merely indicated here three as
being typical and suitable.

The propulsion motors, engine generator
sets and compressor units, so far described, as
well as the air expansion flasks, are arranged
in duplicate sets for purpose-of symmetry
and utilization of space. But an explanation
of operation of a single set suffices for both,
and so only & single set is shown in the dia-
gram of Figure 8. To combine the two oppo-
sitely arranged sets of expansion flasks into a
single operating unit, the two flasks 19 may
be cross connected by the pipe shown at 22
in Figures 1 and 2.

In any suitable location in the hull, the
several banks of air storage flasks may be
located. For instance, these flasks are shown
at 30 in Figures 2 and 2a; and they are shown
as interconnected in groups or banks, each
bank being connected by a pipe 31, controlled
by valve 32, with the high pressure air line
33. This high pressure air line has a branch
33a leading to the high pressure outlet of
compressor 17, and is controlled by a valve 34.
Through this connection air may be com-
pressed at suitable high pressure (say 3000 or
more pounds per square inch) into the flasks.
The compressor units take the air for this
purpose from the interior atmogphere of the
submearine, the valve controlled inlet of the
compressor being shown at 35 in Figures 2
and 3.

It will be noted that the high pressure
air line 33 is so connected to the several
banks of air flasks that any one or more of
the banks may be put into communication
with the high pressure line either for com-
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pressing air into the flasks or for releasing
air from any selected set of flasks. Paral-
leling the high pressure air line 33 is a high
pressure exhaust gas line 36; and a valve

8 controlled connection is made at 37 between

this high pressure exhaust gas line 36 and
each of the connections 81 to the several banks
of flasks; and thereby this high pressure ex-
haust gas line may be put into communiea-

19 tion with any selected one or more of the

2]

4§

banks of flasks. This high pressure exhaust
gas line, controlled by a valve 36z connects
into the high pressure air line extension 33z;
so that, by proper manipulation of the high
pressure air control valve 34 and the high
pressure exhaust control valve 86a, compres-
sor 17 may be connected so as to compress
air or exhaust gas into either the high pres-
sure air line 33 or the high pressure exhaust
line 86. The high pressure exhaust line 36
has'a branch 36d. controlled by a valve 36e,
leading overboard. And the inlet of com-
pressor 17 not only comprises the atmospheric
valve 35 but also a connection pipe 40, con-
trolled by valve 40a, and which communi-
cates. with the exhaust tank 41 for the pur-
pose of taking up the condensed residue of
exhaust gases when it is desired to compress
them into any of the air flasks.

Paralleling the high pressure air line 33
is a first reduction air line 42, which line is
in communication with high pressure line 33
through communications which include re-
ducing valves 43 and shut-off valves 44.
There may be one such reducing valve com-
munication from the high pressure to the
first reduction line for each bank of air
flasks. The reducing valves will reduce the
pressure typically from the high pressure to
a first stage pressure of say 800 pounds per
sguare jnch.

‘The first stage air line 42 has branches
42q and 425, controlled by valves 42¢, leading
to an outboard coil 45 in which the expanded
air isheated by heat exchange with sea water,
the outboard coil being located exterior of
the hull and within the super-structure. A
valve 46 1s located in the air line 42 and
between the branches 42¢ and 420 so that,
by proper manipulation of the valve 48 and
the valves 42¢, air may be passed through the
outboard coil, or not, as desired.

After passing the outboard coil 45, the
first stage air line extends on, as at 424 and
has a connection at 42¢ with the first reduc-
tion tank 19 which acts as a reserveir for
the first stage air. Then this first stage air
line 42 also has a connection 427, controlled
by the valve 48, to 2 reducing valve 49. From
the reducing valve a connection 50 leads to
an outboard heating coil 51, and from this
coil 51 a connection 52 leads to the second
stage tank 20. .-

From the connection 52 a valve controlled
branch 53 leads to the reducing valve 54

3

which has connection at 55 with the third
otithoard heating coil 56; and from this third
eoil a connection 57 leads to the third stage
air tank 21.

' The pressure in the second stage tank 20
may typically be 200 pounds per square inch
and the pressure in the third stage tank 21
may be typically about 5 pounds per square
inch. The air in each of these three stage

tanks and their interconnected pipe systems ¥

Wwill have been at least to some extent warmed
by heat exchange with sea water; so that
the energy of compression at each stage is
kept as high as possible or practicable.
" As I have indicated before, the several
stages of expansion may preferably be se-
lected so as to suit the operation of a Diesel
engine, and to do away with the necessity of
having special compressor units on the en-
gine.  Though this system is particular]
adapted to and is described with a 2 cycle
engine, it will be appreciated that it may
be adapted, by making minor changes, to
a 4 cycle engine, as well as any type of com-
bustion engine, and still be within the spirit
of my invention. '

For instance in Figures 4 and 5 I show
a unit of a Diesel engine wherein the cylin-
der is shown at 60, the piston at 61, the injec-
tor valve at 62, the starting valve at 63, the
scavenge valves at 64 and the exhaust at 65.
The injection air manifold is indicated at
66, the starting air manifold at 67, the scav-
enge air manifold at 68 and the exhaust man-
ifold at 69; and the piping connections are
correspondingly indieated in the diagram of
Figure 3. The fuel injection air will be op-
erated at the first stage pressure of say 800
pounds; and so a branch line 70 leads from
the first stage line at 42e¢ to feed air at that
pressure to the injector system of the several
engine cylinders. Air at this same pressure
is used for starting operations, and so branch
connections are indicated in the diagram of
Figure 3 at 71 to communicate air from the
fuel injection air line 70. _
* Air from the third stage at approximately
5 pounds pressure is used to feed the en-
gine scavenge. For this purpose the air is
led from the pipe line 57 through. pige
75 and then through a heat exchanger 76
through which the exhaust from the several
engines is passed by exhaust communiecating
pipes 77 as indicated in Fig. 2. And the low

pressure air, leaving the heat exchanger via

line 78 communicates with the scavenge air
manifolds 68 of each engine. Also in com-
munication with this low pressure air line
78 at T8a is a line T9 which leads to reducing

valves 80 to discharge air into the interior -

of the hull to keep up the proper atmos-
pheric pressure there. '

The exhaust gases, after leaving the heat
exchanger 76 by way of pipe 85, first pass
through the outboard cooling coil 86 which
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acts as an exhaust condenser te cool and con-

dense the exhaust gases as far as is practi- g

cable by cooling with sea water, As a result
of this condensation a considerable amount

" of liquid (mostly water) is produced, and

the exhaust gas residue is also reduced in
volume. The condensed and contracted ex-
haust then passes by pipe 87 into the exhaust
tank 41, where the pipe leads under the level
of the liquid which may be maintained in
the tank, so that the gases are washed. Also
to wash the gases and earry down any sus-

ended liquids or solids, a spray may be
introduced into the tank at 88. A small mo-
tor operated spray pump is shown at 89 which
takes its liquid from a small tank 90. The
tank may contain water or-any other liquid,
or any chemical which by reaction with the
exhaust gases tends to condense or liquefy
them. The accumulated liguid in the exhaust
tank may be pumped out by the bilge pump
91 operated by a motor 92, a piping connec-
tion from the tank to the pump being shown
at 98, and a line leading overboard from
the pump at:-04.

Under ordinary running conditions the ex-
haust gas residue is taken from the exhaust
tank 41 through the line 40 to compressor
17, and is forced out at the requisite high
pressure from the compressor through the
high pressure exhaust line 36 through exhaust
line 365 overboard. If at any time it is de-
sired not to pass any exhaust gases over-
bpard, for purposes of concealment, the
valves 36¢ in exhaust line 365 may be closed
and the exhaust then compressed into the high
pressure: exhaust line 36 and, by proper ma-
nipulation of the valves 37 compressed at
high pressure into any selected bank or banks

- of the air flasks which at that time do not

contain air. It will be readily understood
that, in order to provide for storage of ex-
haust at any time during the submarine op-
eration, at least one bank of the air flasks
must be at all times empty of the air and
ready to take the exhaust. To take additional
exhaust storage while running submerged,
other banks of air flasks will be emptied of
their contained air fast enough to be ready
to take exhaust storage as banks are filled
up with exhaust.

When the wide range of rates at which the
compressor 17 will handle exhaust gases is
considered, the importance of being able to
o¥erate the compressor over a wide range
of speed independently of the engine speed
becomes apparent, especially since the maxi-
mum speed required will undoubtedly be
greater than the speed at which fresh air
is compressed and this variable speed of com-
pressor operation not only has reference to
compressing exhaust, but also to forcing it
directly overboard as elsewhere explained.
In such case exhaust condensation may be
partially or wholly disregarded and the com-
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pressors operated at high speed to expel the

2566,

When it is subsequently desired to release
the stored exhaust gases, that can readily be
done by simply connecting the proper air
flask banks with the high pressure exhaust
line 36, and connecting that line with the
exhaust line 860, when the exhaust will be
expelled overboard under the pressure of
storage in the flasks. The relatively small
residue of exhaust left in the flasks at the
low final pressure may be cleaned out by sub-
sequently pumping air into the flasks and
then discharging. The flasks are thus cleaned
for subsequent reception of their compressed
air charge.

Interior ventilation of the submarine is, of
course, effected by the compressor .17 when
air is being compressed into the air flasks;
because the compressor takes its air from the
submarine interior. The compressor; how-
ever, is only operated to compress air when
the vessel is on the surface and atmospheric
air is entering. It is, however, used to com-
press exhaust, at least at certain times, when
the boat is submerged ; and during those pe-
riods the compressor 17 may be used for draw-
ing foul air from the interior and compress-
ing it along with the exhaust gases by some-
what opening the air intake 35 of the com-

ressor so that a proportion of air from the
mterior will be taken in for compression
along with the exhaust from tank 41. This
is true also whenever the compressor 17 is
compressing exhaust gases overboard. So
that, whenever the vessel is running sub-
merged, and the exhaust gases are being com-
pressed either into the flasks or overboard
the compressor 17 may be used to draw off
interior air and thus cause ventilation.

At times when the vessel is at rest sub-
merged, and the engines are not being op-
erated and it is thus not desirable to operate
the air compressor or compressors 17, ventila-
tion may be effected by a smaller compressor
100 operated by a motor 101. This com-
pressor has its intake from the submarine in-
terior and compresses through a high pres-
sure line 102, controlled by valve 103 to the
high pressure air line 33, and thus fo the
flasks. Seeing that compressor 17 and com-
pressor 100 need not at any time be operated
simultaneously, the high pressure air line and
its distribution system to the flask banks may
thus be utilized to compress and store the
foul air from the compressor 100 in any se-
lected bank or banks; to be subsequently re-
leased just as exhaust may be released. Or,
if so desired, this compressed foul air may
be subsequently released back through the
high pressure air line and through the reduc-
tion systems, to be used, along with other air,
in the engines and thus go into the engine
exhaust which is ultimately stored or pumped
overboard. The thorough ventilation of the
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submarine interior is thus provided at all
times.

Just as the compressed foul air may be
fed back to the engines, so compressed ex-
haust may be selectively fed back to the en-
gines with a proportionate amount of pure
air, or with a proportioned amount of oxygen
which may be supplied from a special oxygen
storage 150 which is shown connected into
high pressure line 33 by I;i)pe 151 controlled
by valve 152. Inaverage Diesel engine oper-
ation the oxygen content of the air is not com-
pletely consumed; and re-use of such once
used air, either mixed with other air or oxy-
gen, makes it possible in emergencies to main-
tain engine operation longer than can be
otherwise.

In order to utilize the expansion energy
of the stored air or other pressure stored
gases, I may employ a turbine 105 which ma
preferably comprise three steps 103a, 105
and 105¢ (as many steps as there are in re-
duction of air pressure), and this turbine
may conveniently drive a generator 106 which
is connected into the general electrical sys-
tem of the submarine. It is preferred to
utilize & turbine of multiple stages in order
that as nearly as possible the full expansive
energy of the air or gases may be utilized.
Thus the first turbine stage 105a¢ may be con-
nected by a line 107 to the high pressure air
line 338, and its exhaust may go by line 108
to the first stage air line 42. Similarly the
second turbine stage 1056 will be connected
by lines 109 and 110 between the first sta
air line 42 (through the lines 22) and the
second stage connection 50; and the third
turbine stage 105¢ be connected by lines 111
and 112 between the second stage air line 52
and the third stage connection 55.

Suitable valvular arrangements are includ-
ed whereby the sir in its several stages of
expansion may be passed in any proportich
desired either through the turbine stages or
through the several stage reducing valves;
and in each case the exhaust connections of
the turbine stages are made so that the ex-
panded exhaust gases will 1{:3&53 through the
several outboard heater coils 45, 51 and 56;
so that, so far as the expansion of the air is
concerned, the turbine stages perform exact-
ly the same functions as are performed by
the pressure reducing valves.

The turbine operated generator 106 has its
output line 120 connected into the main elec-
trical system so that this generator output
may be flexibly utilized for any power pur-
pose. For instance, in the diagram of Fig-
ure 3 the switchboard represented at 121 takes
the output of all the generators 16, through
their output lines 122, 123 and 124, and the
output of generator 106 through its output
line 120; and from this switchboard run the
feed lines 125 to propulsion motor 13, and
126 to compressor motor 18. Also from the

5

switchboard a small storage battery 127 may
be fed ; and another switchboard 198 is illus-
trated as being fed from the storage battery
lines, which last mentioned switchboard con-

trols the smaller electrically operated ele-:

ments and those which may want to be oper-
ated at times when none of the generators
are necessarily in operation. This, for in-
stance, includes the lighting circuits 129, the
compressor motor 101 which is fed by line
130, the spray pump moter 89 which 1s fed
by line 181 and the bilge pump motor 92
which is fed by line 132. The storage battery
for these purposes need not be very large—in
fact it may be quite small as compared with
the storage battery size necessary for storage
battery propulsion of a submarine,

When the submarine is being propelled,
one or more of the prime mover engines is,
of course, being operated, with the propulsion
motors directl energizezl from the generator
or generators then in operation. For normal
propulsion on the surface the engines simply
exhaust overboard, either by operation of

compressor 17 to raise the low pressure re-:

quired for that purpose, or by direct exhaust
overboard. For direct exhaust overboard a
valve controlled branch 185 may lead from
exhaust line 87. Accordingly, while running

on the surface none of the auxiliary machin- -

ery need be operated unless it is desired to
charge the air flasks, when compressor 17 will
be operated.

Normally all of the eir flasks will be pref-

erably kept charged with air in readiness for:

submergence, excepting a le bank of
flasks. g;lfn the boat is gubm:;g‘egd and there
is no immediate necessity for concealment,
the engine exhaust is simply forced over-
board Em

from the flasks is released for interior venti-
lation and for engine operation; and foul
air from the interior may be removed also
by compressors 17 as long as the propulsion
engines are operated.

Then if it becomes necessary to conceal the
exhaust, that may be compressed at high pres-
sure into any empty flask bank and, as has
been before indicated, such storage of exhaust
may continue as long as the vessel is capable
of running submerged, because there are al-
ways air flasks av able for exhaust storage
as they are emptied of their air charge for
engine operation. :

In case the vessel is at rest submer
ventilation compressor 100 is utilized as here-
inbefore described to remove foul air and
compress either overboard or into empty air
flasks, replenishing air being released from
the air flasks. "

‘Whenever, in any of these operations air
is released from the high pressure storage,
the air pressure turbine 105 may, of course,
be operated. When the submarine is being

propelled in submergence, the turbine oper- X

y operation of compressors 17, Air i

, then
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may be selectively directed overboard or to

the pressure storzge means.

10. In a submarine, the combination of a
hull and a ‘}arope]ler therefor, a propulsion

5 Elant including a Diesel type internal com-
ustion engine utilizing air at two different
pressures for its operation, air storage means

a compressor energized from the engine an

adapted to compress air into the storage

jo means, and means for discharging air from

the storage at reduced pressures and feeding

the air at such reducecf pressures to the en-
ne.

11. In a submarine, the combination of &

35 hull and a d};;opeiler therefor, a propulsion
Ela.nt including a Diesel type internal com-
ustion engine utilizing air at two different
pressures, & plurality of air storage units,

a selective piping system selectively connecti-
go ble with the storage units, a compressor

adapted selectively to take air or engine ex-

haust and compress into the selective piping

system, and means for discharging air and

exhaust from the piping system at reduced
g5 pressures and feeding the air at such reduced
pressures to the engine.

12. In a submarine, the combination of =
hull and a propeller therefor, a propulsion
Elant ineluding a Diesel type internal com-

ustion engine utilizing air at two different
pressures, a plurality of air storage units, a
selective piping system selectively connecti-
ble with tEe storage units, a compressor
adapted selectively to take air or engine ex-
35 haust and compress into the selective pipi
system, and means for discharging air an
exhaust from the piping system at reduced
gressures and feeding the air at such re-
uced pressures to the engine, and oxygen
40 storage selectively connectible with the se-
lective piping system.

In witness that I claim the foregoing I
have hereunto subscribed my name this 17th
day of February 1930.

45 ABNER R. NEFF.
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‘sure of original air storu%:;

8

ated generator 108 adds a considerable
amount of electrical energy for propulsion
purposes, or for compression of exhaust, or
for any of the various other purposes for
which power is required. Such utilization of
the pressure energy is thus very flexible and
is not confined to any one particular pur-
pose. For instance, although thus the com-
pression energy may be utilized for exhaust
compression, 1t is not necessarily utilized for

‘that purpose but may be utilized for propul-

sion or for eny other power purpose. And
one particularly advantageous result flowing
from this flexibility of power use is in this;
that even when the submarine is at rest sub-
merged, and only a small amount of stored
air is being released for ventilation, the
corresponding small amount of energy, uti-
lized through turbine 105 and generator 103
will be sufficient to supply a large proportion
of the power required hy compression motor
101 even if the foul air is being stored in

flasks at high pressure. By compressing the

foul air overboard, or by stering it in the
flasks at something less than the high pres-
i the turbine gen-
erator set 105, 106 may be made to supply
substantially all the power necessary for
lighting and small power purposes and for
the compressor motor 101; so that in such
manner the submarine may lie concealed as
long as its stored air will suffice for ventila-
tion.

Tclaim: .-

1, In a submarine, the combination of a
hull and a propellar therefor, a propulsion
power plant including a combustion engine,
air storage units, a compressor, intake means
for the compressor whereby it may take either
air or engine exhaust for compression, and a
piping system connecting with the air stor-
age units- and whereby the compressor may
compress either air or exhaust into any select-
ed storage unit.

2. In a submarine, the combination of a
hull and a propeller therefor, a propulsion
power plant including a combustion engine,
air storage units, a compressor, inteke means
for the compressor whereby it may take either
gir or engine exhaust for compression, and a
piping system connecting with the air stor-
age units and whereby stored air may be re-
leased from any selected storage unit for feed-
ing the combustion engine.

3. In s submarine, the combination of a
hull and a propeller therefor, a propulsion
plant including a combustion engine, a com-
pressor adapted fo take either air or engine
exhaust for compression, air storage units,
a piping system selectively connectible with
any of the air storage units and with the com-
pressor, an air discharge piping system lead-

ing from the selective piping system to the

combustion engine and to the hull interior,
and a second compressor adapted to com-

1,870,288

press air from' the hull interior into the se¢-
lective piping system and thereby into any
selected storage unit.

4. In a submarine, the combination of a _

hull and a
plant including a combustion engine, means
for cooling and condensing the exhaust from
said engine, and means for compressing and
storing said exhaust under pressure.

5. In a submarine, the combination of a '

hull and a propeller therefor, a propulsion
plant including a combustion engine, means
for cooling and condensing the exhaust from

the said engine, a compressor having in-
take arrangements to take either air or the -

condensed exhaust for compression, air stor-
age units, a selective piping system capable
of being selectively connected with any of the
air storage units and with the compressor,
whereby either air or condensed exhaust may
be compressed or stored in any selected stor-
age unit, and means for feeding air to the
combustion engine from the selective piping
system.

6. In a submarine, the combination of a
hull and a propeller therefor, a propulsion
plant including a combustion engine, means
for cooling and condensing the engine ex-
haust by heat exchange with sea water, and
means for compressing and storing the con-
densed engine exhaust under pressure.

7. In a submarine, the combination of a
hull and a propeller therefor, a propulsion
plant including a combustion engine, means
for cooling and condensing the engine ex-
haust by heat exchange with sea water, a
compressor, a plurality of air storage units,
a selective piping system selectively connecti-
ble with any of the storage units and with
the compressor, whereby condensed exhaust
may be stored under pressure in any selected
storage unit, and means for feeding air from
the selective piping system to the cembustion
engine. '

8.-In a submarine, the combination of a
hull and a propeller therefor, a propulsion
plant including a combustion engine, a com-
pressor energized from the combustion en-
gine and having an intake adapted selective-

Iy to take either air from the hull interior or !

the engine exhaust, pressure storage mesns,
and means connecting the compression side
of said compressor either to the exterior of
the submarine or to pressure storage means.

9. In a submarine, the combination of a
hull and a propeller therefor, a propulston
plant including a combustion engine, a com-
pressor energized from the eombustion en-
gine and having an intake adapted selective-
ly to take either air from the hull interior
or the engine exhaust, pressure storage means,
the second compressor energized from the
combustion engine and having its intake

{from the hull interior, and means whereby

the compression side of both said eompressers

ropeller therefor, a propulsion .
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UNITED STATES PATENT OFFICE.

BAYMOND D'EQUEVILLEY-MONTJUSTIN,

OF XIEL, GERMANY.

METHOD OF GENERATING STE:&H FOR SUBMARINE BOATS.

986,373.

Bpecification of Letters Patent.

Patented BMar. 7, 1911,

Application filed May 12, 1808. Berial Ko. 485,481

To all whom if may.concern:

Be it known that I, Raymono p’Equevie-
- Ley-MoxTiTsTIN, a subject of the King of
Spain, and resident of 94 Feldstrasse, Kiel,
Germany, have invented certain new and
useful Improvements in Methods of Gener-
ating Steam for Submarine Boats, of which
the following is a specification.

The present invention relates to a steam

"10 power plant for the type of submarine boats

which are driven by a steam engine which
has its driving steam generated in a fired
steam boiler during the surface travel while,
during the submerged travel, the driving

16 steam is generated in. a hot water boiler.

These steam power plants, which were first
used by Nordenfelt, dp not meet the medern
requirements to be complied with for a sub-
marine boat in as far as the hot water boiler

20 alone can only give off -steam for 4 compara-

25 an

tively short time so that travel under water
can only take place for a short time.,

The object of the present invention is to!
improve this type of steam power plants
the process of operating the same in
such a manner that the duration of the sub-
merged travel can be considerably pro-
longed ; and that it will furthermore be pos-
sible to obtain the water carried along for

30 evaporation, which water is so valuable in

submarine boats by reason of the available
space, without neeessitating special tanks for
feed water and water of condensation.

The accompanying drawings show, by way

35 of example and diagrammatically, an em-

bodiment of a steam power plant in #cord-
ance with the present invention. Tha:. veral
figures of the drawings merely differ from
one another in having the essential barts of

40 the steam power plant connected with'one

45°

56

a5

another by means of steam-pipes and water-
pipes in different ways corresponding fo the
possibilities of operttion during the surface
travel and the submerged travel.

he steam power plant mainly consists of
the following parts: a water-tube boiler A
which can be heated by means of an oil-

burner a'; a soda-boiler B which is divided |

into a compartment 5* for a solution of caus-

to be evaporated; a hot water boiler 'C; a
steam engine D and a condenser E, These
parts of the steam power plant are connect-
ed with one another in the manner shown in
the several figures by means of steam-pipes

1

@ of the water-iube boiler A

and water-pipes which are indicated by (i
reference characters ¥ to S and thioueh
which, during the operation of the ~tun
gmwer_ plant, steam or water eirculates in the
rections indicated by the arrows.

During the surface travel the operaiion of
the steam power plant takes place is the
mannsr shown in Figure 1. The live steam
required for driving the steam engine 1) is
then generated in the water-tube boiler A
which is heated by means of the oil-urier
a'. The steam is conducted through a pipe
F into the steam engine D and after the
steam has performed its work in the engine
it is conducted throngh a pipe (¢ into the
condenser E. Affer the stemiu has become
condensed in the condenser the water of con-
densation is conducted ns feed-water to the
wa{,er—tube boiler A thruugh the pipe .

’rior to the change to sulunerged travel
e part of the live steam penerated is con-
dupted through the pipe J into the hot water
bojler C and into the water-eompartments
b* of the soda-boiler. whereby the contents
of the hot water boiler and of the soda-

bofler is brought to such a teuiperature (the’

hot water boiler to 2 temperature of about
209°) that these boilers are immediately
reddy for operation when the change to
submerged travel takes place. When it is
desired to dive with the boat, the oil-burner
5 extin-
guished. The uperation of the steam power
plant now preferably takes place in ‘the
manner shown in Fig, 2. TIn this instance
the boiler C is nsed as hot water hoiler, that

‘is the steam generated in the beiler C is

condueted directly to the steam fengine D
through the pipe K. The exhaust steam
from the steam engine passes through the
pipe G into the cdondenser 1 from which
the water of condensation returns as fecil
water to the hoiler C through the pipe L.
‘When the steam generatedinthehot water
boiler  is not any longer of sufficicat ten-
sion T proceed to the operation of the soda-
boiler ag illustrated in Fig. 3. The exhaust
steam from the engine 1s not any longer

| conducted exclusively to the condenser T
tic-soda and two compartments 5* for water | _
! through the pipe M into the soda-solution

hut a part of the exhaust steam is conducted

in the compartiment b* and is absorbed by
the solutioh. The solution is thereby heated
and gives off its heat to the water in the
compartments »* and generates live steam
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in these compartments. This live steam is
ihen conducted through the steam-pipe N
into the steam engine D. i

" As experience has demonstrated that the
heat in the soda-boiler, especially at the
start of the operation, increases to a con-
sidernble extent and as the capability of ab-
sorption of the soda-solution decreases with
the increasing temperature, the water of |
condensation,” which is formed from the
part of the exhaust steam of the machine
conducted to the condenser, is, especially st
the start of the operation, conducted
through the pipe O into the water compart-
ments 4 of the sods-boiler. This fact en-
ables the operator to regulate the tempera-
ture of the water to be evaporated and
therefore also the temperature of the'soda-
solution in such 2 manner that the capa-
bility of absorption of the soda-solution re-
mains approximate!y the same. During the
operation the feed to the water-compart-
‘ments »* takes plave from the boiler C
through the pipe P and in this instance the
boiler (! is nsed in its second rapacity, viz.
as feed water receptacle fur the soda-boiler
B. The provision of special feed water
tanks is therefore niade unnecessary.

If. after a protracted snbinarine travel,
the dilution of the solution caused by the
absorption of the exhaust steam from the
engine has caused the level of the soda-solu-
tiom to become so high that the solution
comipletely fills the compartment b, or if
before that tine the dilution of the solution
ias reached such an extent that the soda-
solution is not any longer capable of ab-
sorbing any steam, the duration of the sub-
wmerged travel of the boat can be further
rafonged by using the method-of operation

in the further utilization, to the greatest
practicable exient, of the heat present in
the soda-solution for the generation of live
steam ip the water compartments 2. The
Jive steam is conducted to the engime D
through the pipe N as in the mode of oper-
ation shown in Fig. 3. However in the
methed according to Fig. 4 the exhaust
stenm from the engine D is not sny longer
conducted into the soda-solution, but it is
conducted exclusively into the condenser E.
The water of condensation is now conducted
through the pipe L into the boiler C and is
stored therein. The boiler C then serves in
a third caparity, viz. as a receptacle for the
water of condensation so that the provision
of special tanks for the water of condensa-
tion is made unnecessary.

On the change to syrface travel the burner
@' is again put into operation. The method
nf operation shown n Fig. 5 is then first
made use of and serves to once more put

the soda-boiler B and the hot water boiler
73 in condition for operation. The live

988,573

steam required for driving the steam engine
is in this instance again taken from the
water-tube hoiler A and is cendurted
through the pipe F fo the engine D whence
the total exhaust stenm passes through the
pipe G into the condenser L. Simulta-
neously herewith another part of the gen-
erated live steam is conducted from the
water-tube boiler A through the pipe J into
the water compartments 0* of the soda-
boiler B, whereby the diluted soda-selution
is evaporated, and in order to facilitate the
evaporation the compartment b' for the
soda-solution is placed in communication
with the condenser E' through the steam-
pipe R. The water of condensation which
1s formed in the condenser E from the ex-
haust steam of the steam engine D and from
the steam arriving from the compartment
b is conducted to the boiler C which serves
88 tank for the water of condensation and
which in that manner becomes gradually re-
filled, the amount of the water 1n the boiler
C having become greatly decreased during
the operation according to Fig. 8. 'The sur-
glus of hot water resulting from the intro-
duction of live steam through the pipe J
into the water compartments »? is conduct-,
ed as feed water through the pipe S into
the water-tube boiler A or in t]_l:;e o ite
direction through the pi];]e P (Fig. gfoi:to
the boiler C (Fig. 3); when the boiler C is
sufficiently refilled the 'water-tube boiler A
may be supplied with water therefrom
through the pipe S). When the sods-solu-
tion has becoms sufficiently concentrated by
the evaporation and when the boiler C has
become sufficiently refilled I once more re-
vert to ‘the method of ation: shown in
Fig. 1 (thecycle AD E A). ;
aving thus described my invention and
what 1 tﬁaim a8 new therein and desire to
secure by Letters Patent is: B,

1. In the method herein deseribed for
propelling vessels .of the submarine t;
which consiste in using o fired steam bo{lpei
to propel the vessel during surface travel,
using a hot water boiler to generate steam
during submerged travel, and using a soda
boiler in cofinection .with the fired steam
boiler to.supply the necessary stesm gen-
erating power upon the exhaustion of the
hot water boiler, and in conducting the
heated water remaining in. the hot water
boiler te the soda boiler as feed water,
whereby to prolong the submerged travel.

2. In the method herein described for
propelling vessels of the submarine type

which congists; first, in using & fired steam:,

boiler to propel the vessel during surface
travel; second, in conveying steam there-
from inlo a hot water boiler for generatin

steam to be wutilized. durin, submergeﬁ

.trevel; and third, in the utilization of a

soda-boiler wherein a part of the exhaust
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steam from the engine is conducted into the | boiler to propel the vessel during surface
soda solution for generating live steam, | travel; second, in conveying steam there-
while the remaining portion of the exhaust | from into a hot water boiler for generatin

steam after condensation, and after redue-

tion to a lower temperature than the water

in soda boiler, is introduced therein for !

keeping within permissible limits the uude-
Sil!;a 1% inereaselof h:lalt i(f_t-ha sods; boiler,
whereby to prolo; e duration of opers-
tion of the soda b’;ﬁ“

3. In the method herein deScribed for
propelling vessels of the submarine type
which consists; first, in using a fired steam
boiler to propel the vessel during surface
travel; second, in conveying steam there-
from into a hot water boiler for generatin
steam to be utilized during submerg
travel; third, in the employment of a soda
beiler having its soda compartment con-
nected with the exhaust of the engine and
adapted to geperate the necessary steam
power upon the exhaustion of said hot
water boiler generating means; fowrth, in
discontinuing the use of the soda boiler
meun:. when the increasing dilution causes
the soda solutif& to completely fill its re-
ceptacle or makes it incapable of further
absorption; fifth, in then conducting the ex-
haust steam aforesaid into a condenser and
thence storing the same in the hot water
boiler aforesaid; and sixth, in utilizing the
heat remaining in the soda solution for gen-
erating live stealn in the water compart-
ment of the soda boiler until the heat of
the soda boiler is practically exhausted..

4. In the method herein described for
propelling vessels of the submarine type
which censists; first, in using a fired steam

steam to be utilized during submerge

travel: third, in the employment of a soda
boiler connected with the aforesald means
and adapted to supply the necessary steam
generating power upon the exhaustion of
said hot water boiler generating means;
fourth, in conducting the heated water re-
maining in said hot water boiler to the soda
boiler as feed water, whereby to prolong
the submerged travel; and fifth, in convey-
ding the water of condensation from the
fired steam boiler during the next surface
travel, to the hot water boiler for utilization
during the next submerged travel.

5. ]gn the method herein described for
propelling vessels of the submarine type
which consists in using a fired steam bci&
to propel the vessel during surface travel,
supplying a hot water Eniler with live
steam direct from the fired steam boiler to
quickly generate steam therein for sub-
merged travel, using a soda boiler in con-
nection with the fired steam boiler to sup-
ply the necessary steam generating power
upon the exhaustion of the hot water boiler,
and in conducting the heated water remain-
ing in the hot water boiler to the soda boiler
as feed water whereby to prolong the sub-
merged travel.

e foregoing specification signed at
Paris, France, this 21st day of April, 1909.
RATMOND D'EQUEVILLEY-MONTJUSTIN,
In presence of —
Deax B. Masox,
Jorrx Baker.
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UNITED STATES PATENT OFFICE

1,984,369
HEAT CARRIER FOR HIGH TEMPERATURES

Karl Gensch, Berlin, Germany, assignor fo Ge-
sellschaft fiir Druckiransformatoren (EKoene~
mann-Transformatoren) G. m. b. H., Berlin,
Germany, a corperation of Germany

No Drawing. Application May 24, 1933, Serial No.
672,734. In Ausiria May 30, 1932

8 Claims.

“The invention relates to & heat carrier for high
temperatures for indirectly heated plants. While
I prefer the illustrative salt melt embodiments
disclosed herein, which are particularly desirable

5 because of their cheapness and effectiveness, my
invention contemplates, and my preferred em-
bodiments are illustrative of, such like substances
as will be suggested to the skilled chemist by my
present specification. A salt melt consisting of

10 zinc chloride and several other metal chlorides
which form double salts with zinc chloride, was
found to suit very well the aforesaid purpose.

Chiefly g melt is used which contains approxi-
mately 75% zinc chloride, 10% sodium chloride,

15 and 15% potassium chloride. This melt has all
properties which are required from such a heat
carrier, e. g. low melting point, high boiling point,
good heat transfer, low viscosity, high specific
heat, low specific weight; and last but not least

20 it is very cheap. Besides it does not attack iron,
is not combustible, not explosive, and does not
form any explosive mixtures with other sub-
stances. The composition being as stated above,
the melting point ranges approximately at 180°

95 centigrade. If the melting point is desired to be
lower, it can be reduced to approximately 140°
centigrade by adding other salts such as lithium
chloride and ferric chloride. Compared to other
heat carriers known so far, the above heat car-

30 rier offers the following advantages.

It is much cheaper than any metal melt.
Metals with low melting point, such as mercury
or bismuth alloys, cost approximately from ten
to twenty Reichsmarks per kilogram. Their spe-

35 cific weight amounts approximately from 10 to
13. The chloride melt can be supplied at a
price of one half Reichsmark per kilogram and
has a specific weight of approximately 2. The
metallic filling of an apparatus would cost ap-

40 proximately 100-260 times as much. Even if
comparatively cheap metals, such as lead and
zinc, are used, the filling still would cost approxi-
mately four times as much. Now, the melting
point of these metals ranges above 300 centigrade,

45 an this fact renders operation conditions so
difacult that these metals can not be used. Also
the high coefficient of expansion and the good
conduction of heat of the metals in the solid state
are of disadvantage. When the solid metals are

50 heated they expand very much before getting
liquid; consequently, the apparatuses are stressed
to such an extent that they are liable to burst.
Furthermore, the high specific weight of the
metals has the disadvantage that if a high appa-

565 ratus is used the lower parts of it are subjected

(CL. 252—5)

to a considerably -high hydrostatic pressure,
Finally, several metal meits, e. g. molten zine,

attack iron very much.

Oils having high beiling points, and other or-
ganic liquids, e. g. diphenyl oxide, can not be
used at temperatures over 400° centigrade. Up
to the present no organic liguids are known which
are stable above this temperature. They decom-
pose, incrust the heating surface, especially in
the highly loaded tubes, and then these tubes

burn through.

Compared to other salt melts, the above heat
carrier has the special advantage that it is very

cheap. Zinc chloride,

sodium chloride, and

potassium chloride are by-products of very low
price. Further the above heat carrier has such a
low melting point that it can be melted by heat-
ing it by steam of customary pressure, e. g. 15
atmospheres. Besides it contains neither water
nor oxygen; therefore it does not attack iron
even at high temperatures and cannot form any
explosive mixtures with other substances, e. g.
with coal, as is the case with nitrate melts.

The above heat carrier can be used especially
in the chemical industry and in the oil industry,
in other words everywhere where heating at high
temperatures is involved, and where the products,
e. g. oil or other substances very sensitive to high
temperatures, have to be treated as gently as pos-

sible.

In the field of generation of high pressure
steam, indirect heating by means of the above
heat carrier offers great advantages. Under
these conditions, the feed water treatment is not
such an important factor because scale incrusta-
tions can only result in reducing the heat trans-
fer, in other words in a decrease of efficiency;
but never can they result in boiler explosions.

I claim:

1. An indirect heating system employing as
the heal carrying medium a molten mixture of
metal chlorides, predominantly consisting of
chloride of zine, and including substantial quan-
tities of metal chlorides of the class consisting of
alkali metal chlorides and chlorides having sim-
ilar effect in the molten mixture, the medium thus
constituted having a melting point subsiantially
below that of chloride of zine.

2. An indirect heating system employing as the
heat carrying medium a molten mixture of chlo-
ride of zinc and other metal chlorides forming
with chloride of zinc double salts existing in the
molten mixture, the medium thus constituted
having a melting point substantially below that

of chloride of zinc.
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3. An indirect heating system employing as
the heat carrying medium a molten mixture ap-
proximately 759% chloride of zine, 15% chloride of
potassium and 10% chloride of sodium.

4. An indirect heating system employing as the
heat carrying medium a molten mixture of ap-
proximately 759 chloride of zine, 12% chloride of
potassium, 8% chloride of sodium, 5% chloride of
lithium and 5% chloride of iron.

5. An indirect heating system employing as
the heat carrying medium a moelten mixture pre-
ponderantly chloride of zine, and containing suf-
ficient alkali metal chloride to impart to the mix-
ture a melfing point materially below that of
chloride of zinc.

6. An indirect heating system employing as the
heat carrying medium a molten mixture com-
prising preponderantly chloride of zinc, and con-
taining sufficient metal halide of the class con-
sisting of potassium-, sodium-, lithium-, and
iron-chloride to impart to the mixture a melting
point materially below that of the preponderant
metal halide.

7. An indirect heating system employing as the
heat carrying medium a molten mixture com-

1,984,369

prising preponderantly chloride of zine, which is
a halide of & weak negative, acid forming metal,
and sufficient halides of the class consisting of
NaCl, KCI and LiCl, which are halides of strong
positive, base forming metals, to impart to the
mixture a melting point materially below that of
the preponderant metal halide.

8. An indirect heating system employing as the
heat carrying medium a molten mixture compris-
ing preponderantly chloride of zine, which is a
halide of a weak negative, acid forming metal,
having incorporated therewith at least one of the
halides of the class consisting of NaCl, KCIl or
LiCl, which are halides of strong positive base
forming metals, characterized in that one or
more of the incorporated latter halides forms
with the preponderant halide a double salt ex-
isting in the molten state, and further character-
ized in that the guantity of these latter halides
present is sufficient te impart to the mixture a
melting point materially below that of the pre-
ponderant metal halide.

KARL GENSCH.
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PATENT SPECIFICATION

Application Date: Nov. 22,

1932. No. 33,012 / 32

Complete Accepted: Sept. 14, 1933.

COMPLETE SPECIFICATION

Improvements in and relating to Internal Combustion Enginées and
Methods of Operating the same. '

L. Fritz vox Orer, of 33, Bismarck-
str::sse, Berlin-Charlottenburg, Germany,
2 Uerman Citizen. do hereby declarée the
nature of this invention and in what
manuer the same is to be performed, to
be particularly deseribed and ascertained
in aud by the following statement :—

The invention relates to an internal
combustion engine in which the exhaust
gases  after purification, cooling and
enrichment with oxveen and fuel are
again introduced fo the engine, ie., an
Internal combustion engine which can be
rezarded as operating with a cireulated
medium ; the invention also relates to the
2'»(1}}&51’;} arrangentents for this purpose.

ixisting internal combustion engines
are practieally all dependent on the pres-
sure and composition of the surrounding
air and canoot maintain theiy perform-
ance with falling pressure or falling
oxygen content of the air. In this con-
neetion, it is immaterial whether they
operate as two-stroke or  four-stroke
erigines or as diesel envines or as zas tur-
bines. Thus, sueh engines are unsnitable
for hich altitude aireraft, particularly at
sueh altitudes where the pressure Jrop can
no longer be compensated for by means
of pre-compressors.

Partienlarly for the purpose of driving
submarine eraft. it is known to emplev
engines operating with a cireulated
medium in which the combustion gases
are not hlows vut into the open but after
purification, cooling and re-generation are
again fed fo the enwine. The oxveen
which is newly introduced for eaeh com-
bustion in the e¢losed eycle process can
be earried in gaseous or liquid form. Tn
aireraft, however, the use of lauid oxy-
gen 13 ahselutely essential in view of the
weizht of the containing vessels. Liquid
oxvygen pan be carried in very lizht heat
insulated containers whereas gaseous oxy-
ewen must be kept in steel pressure vessels
under high pressure, The use of liquid
oxvzen has, however, the drawhack that
the heat of vaporisation of the oxyeen
must he derived from the heat content of
the fuerl.  This heat of vaporisation is
very important and the efficieney of the
motor will be verv poor if this guaniity

Eiied 1%

of hest cun not in part be used again in
the motor.

Now i is customary to spray the liquid
oxygen into the cylinder at the end of the
compression stroke with the fuel or sub-
sequently thereto. The liquid oxygen
which has been injected vaporises and
extracts its heat of vaporisation from the
compressed gas which  serves as  heat
carrier.  The temperature of the gus falls
whoreas the heat content of the mixture
obtained remains the same. Owing to the
vaporisation which takes plice the pres-
sure of the mixture in the evlinder rises
so that in this manner a part of the heat
energy I8 recoversd as [ressare energy.
This, however, applies only to a part of
the heut consumed sinee the heat of the
Hagunid aml by far the largest part of the
heat of vaporization s lust,

Aceording to the present invention the

heat of the exhaust euses, the vooling of
which has  hitherto been  effected by
special arrangements, s nged for the
vaporisation of the oxyden and for this
purpese, immediately or a  short time
after the workine stroke, the ligquid vxy-
aen is brought into direet contact with
the hot exhanst gases.
* The cooling action itself can be effected
in the most diverse ways, for instancs,
by spraving the liquid vxygen into the
eombusiion chamber or by bringing the
exhanst pases into direct vontact with the
oxygen by blowing the gzases there-
throurh. Partiealarly in the Iaiter case
it is pussible, by intensive cooling, to ool
the exhaust gas wholly or in part to such
an extent that the carbon di-oxide and
water vapour contained in the exhaust gas
freeze out.

I{ lias been found that considerable
difficulties are encountered in spraving in
the oxygen by meuans of pumps, as the
Ligquid sxygen vaporises prematurely and
eas formation veeurs in the pumps, The
invention proposes, therefore  to dispose
the pumps within the oxvzen container
and preferably beneath the liguid level,

Further, the spraying in can be
attuined without the use of pumps by
supplvine heat to the oxygen container
and utilising the vapour pressure arising
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container 3 1 ﬁl}aﬂ\
for absorbing thass
snts of f\lﬂ

Ir“--'_‘.‘" iy
8

T

8

t@z at any athsr mztahln
ion. %t%i&wﬁthewmamiﬂ
the kqiﬂé is mounted a motor-
driven pump 12 which introduces the
_ liquid exygen into the combustion cham- 105
d  ber through a conduit 14.  In the exhaust -
gv@a 2 is provided a temperature sensi.
tive remistance 22, which 18 connected in
wﬁ " mﬁ@lém:‘ 23 with an electro-

. : 25. The urms- 11

ture 26 ef the mﬁgrm{ 24 iz connectad with
the needle of the carburettor 11,

The surface cooler 7 (Fiz. 2) is pro-
vided with a lap 20 which can ba rotat
lengthwise nbout a shaft 19 and, in 45
normal conditions, is held rlosed by
means of = lprmg pressure, hut in the cace
of an explosion can open against the
action of the «gmmz and the pressure of
wa the 000 the outer air passing over it,
or mkg mode of operation of the motor is
shows the container for ﬁm as follows :

ren in WQ : aechnn and on  The neutral gas, such as nitrogen. con-

i 2 stitutes a charge in the conduits mﬁ
chambers 1 40 11, and the combustio
space 15. I now the motor is set -
motion by starting weans. then, by mesns
of the pump 12, more and more oxygen
is injected to the ecircnlating nitrogen.
When the desired percenfage content of 130
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65 yyporisation vessel of Fig. 3 and the



oxygen is atiained, the ft
the earburettor is opened a
commences to operate in the #
After an explosion has -

§ quantuw ol oxygen is
" the temperature of the e
lowered and its volume is red
exhaust gus is now directed throt
exhuust pipe 2 to the safety vessel 3 fille
§6 with the chemicals 5 where detrimentat
combustion residues such a8 carbon-
monoxide and  carbon-dioxide,  for
example, are absorbed. Tt is advan-
tageons to employ chemicals similar to

45 those customary in submarine craft in
" which oxvgen is releasad corresponding
to the absorbed carbon-dioxide. H peces-
sary, adedi Iyes van also be used saue
factorily  tor  precipitating detrimental

20 Waste guses. 1 hyvdrogen rwels are burnt
insiesd of carbon  fuels, then, in an
analogons manner, hygroscopic chemicals
are used for absorbing the water ar the
water 14 remgoved by water separators and

ox is direcied to the cosling water eirenla-
tion or is used for other purposes. When
emploving aleshol as fuel, it is advisable,

by adding alkalies or in anv other wsy,

to neutralise the acetie acid whieh, n

30 some circummsiances, may  be pm&a@d
The container 4 in which this ;}m*m 15
eflected is preferably provided with esten-
sihle walls (loose cover and the like) so
that explosions in the exhaust pipe can
4 he taken up without detriment. For the
purpose of coeling and reduction in
volume the pas which is purified and
enriched with sxygen is directed to the
eooler 7, which, for use in high alritude

§0 sircraft, is preferably disposed within the
wings and along the leading edges
thereof. 1t may itseli constitute a part

67 the wing. By the cold outer air pass-

ing over fhe wings an effective cooling

i% of the zas is atiained whereas the latier
in turn eflects 4 warming of the wings
which is desirable at high altitudes n
view of ihe danger of ice deposition. Tt

is advisahle, for rensons of safety, to pro-

¥ vide this surface cooler with a kind of
u'?amirm srrangement  for  relessing
sutddpn pressure increases without involv-

ing danger.

After complote cooling, the gas mix-

8 ture ic directed to the coutainer 8. the
~ chemicals {e.z. barium exide) of which
have the funetion of a °° chemieal
geenmulator,”” f.e., should the gas pass-
ing throngh them bhe too atrengly
® enriched with oxygen. they become
- oxidised and withdraw oxvgen therefrom
and vield the oxygen which 1s only loosely
bound as soon as the oxvwen content of
the was passing through them drops. This
arrangement has the purpose of balane-

extent that gas
1ts fower edge.
fed to the separafe
By aweans of tlw.
wises GRCAping intg
motor -maymb;iuihﬁﬁ
intter be drawn off

tainer. If, for any
uf gus or the pressure i

then for example by &
membrane known per
tact of the feed
condait 1s opened 80 &
the supply contaln
and it the ecireul
gudntum of gas now
burettor 11, vaporises
in known manner from

into the motor, w

commnences,
he carburettor is -
pormal  constroction :

interior of the float
nected with the interior o
duit 10 by means of |
order that ne Nﬁ&ﬁéﬂ.
occurs on fluctuating
condult. i
The injection
lispuid oxyeen or
by means of pist
vaporisation of g
pipe leading 1o and
the lignids are stored
tainers and that the
within  the liguid
botton of the cent&in&r,‘ a8
1. As shown by aries
the only possibility of
in the waterig] of the pump
vug cold madiaie :
11, for example. ¢ pum
fuel and a pump for the
in view of the differsnt
Liquid which_kave to be con
Bameters of the feed pumps are
Tifferent size, the speeds of «

of ik
cold tue

b&ﬂlg amw. iy 5&1. :. . :
ing these B@Geé;q the comnposition of the 130



&

10

ml;ﬁm can h& altered, The same aﬁeu
can be attained by making the stroke ot
the pistons adjustable.
sible to employ a pump and a cathurettor
and to vary eross section of the jet
of the carburetfor in kuown manner %ﬁ’
moving a needle to and fro.

1t 1s desirable to effect all such adjust-

ments not wanuatly, but antomatically,
by making the normal position of the
regulating means dependent upou @
normal  condition of the wolor, fur
example,  its e ol rotalien,
its  femperature, g pressure. of  the
exhaust, and 56 on In Fig 1. such an
arrangement is shown in which the tens-
perature of the exbanst pas afiects the
resistance 22 fncladed tn the exhaust pipe
2 and, in turn, controls the electromagnet
24 by way of the conductor 23. A spring,
ot shown, in the interior of the eoil 24
tends to urge tne armature 26 upwards
and to closs the tusl nozzle by wenns ol
thie -unmal end and the mugnetic field ot
the coil 2 operates against this,  The
effect of this eoil, however, is dependent
upon the magmtude of the electric enr-
rent which 15 determined substantially by
the magnitude of the resistance 22. i
this resistance alters, for example
ineresses with temperature, then the cur-
rent decreases and i;k& awmg can move
the core of the mugne distance
upwardly.

ut
}mg t’he :gr while the ¢
warded by the pumps can
simijar manuer. Also for example the
variations in 1he chemical vemposition of
the was can be established n  manner
Emm:r per 20 by means of exhaust gas
aunslysers and ean be utilised to regulate
the pumps or carbureitors,
li desired the loose cover 4 could be
wﬁwa&eﬁ on the mler 7 on the con-
it beng tbﬂ it

uum'd, admnlurﬂa s thai the nlnantitm
wi xw turmed can be rﬂzwme] from the

It 18 also pos- vaporiser vessel which s at w pressure

less han atmosphenc pressure throngh &
trap  arrangeiasnt The e i o
vepfenthy pdvansed inle the trup chamber
By miwans of a dredoer arrangenent or a
{itteng vake,
1t has been found that the exhaust gas
has 1o be blown iate the oxvgen for the
above mentioned purposs through a large
number of very fine apertures or nozzles
disposed aloug the leugth of w contsiner,
bug that in cousequence difhoultios cagsed
by deposition of ive are increased thereby.
For this reason, the vessel in which the
gus 18 wtmdmwi 15 provided with an
excess pressire valve which sutomatically
opess shimbld the nozgles beeome hloeked
with ice =0 ‘ims the poxsles are warmed
due 1o the passing gas vurrent and thus
tha dﬁ{mwiinf{‘ af GvEreae.
Further. s neegssary Lo construct a
specinl inrm of nozzle which has as small
a3 possible a surface exposed to the sxy
gen, but as large a sarfuce ae Mlhﬁa
within the vessel, i.e., in the direction in
which heat is sapplied.  Preferahly,
such g nozxle hus o conienl shape and the
conical nozzle is disposed with the aper-
tared point towards the oxvgen and with
the broad base against the wall of the
confainer which is sepavately heated.
The walls of the container are pmlemiﬂ?
beatad by means of o farther container
W&Wh attached thereto and through
til&&&%l the hot exhaust gas is
Far

rpose of taking u
heat the nozz }m

ex mav be
mt& ribs which project into ihaeqh?utmg
container. In addition the nozeles can
be directly heated. For this purpose,
either electric heating bodies of any snit-
able kind are nsed or each nozzle itsell
is used as bridge member in a resistancs
heating arrangement. The heating can
also be effected by means of keatmg wires
which are mthex pamd ahsw% » nozzles

9!81‘3
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be pamblaﬁ o use, w
& container w&&_ a

hen opwemtes as follows: :

‘Aiter combustion The waste gases are
4 by way of the outlet pipe 2a mw
: the fsmfisrat A to the container

 liguid oxygen and leave the vessel
throngh the conduit 51 which dlschsmos m
into the conduit 26, The gas then p ;
from the conduit 2b to a separator : ta praferably uperm '
 be deseribud, and after separation of the nate svstemn which 1 a
id or solid condensates present in the culation st a suits
es leaves the separator by way of a essentiaily of a con
eonduit 38, from which it passes to the nally cooled and if
~ vessel 3, already referred to. by way of tigh speed, in the i
the conduit 52,  The separstor 36 is con- gas stream is directed
stracted to be rotatable and ca.n be driven of & system of corres
through toothed wheels 53. 54, the con-
20 duit 52 haviog an enls partion
embrucing as shown the pqrt!.mi' the
a&;mnier remaining stationary and the
m 38 rotating with the separator, smit-
ble connesting means for the passage of
a3 tﬁ? gus being provided. From the vessel
3 the mixture of gaseous oxvigen uand
purified exhuust gas then traverses the
rest of the srstem and enters the cvlinder
after injection with fuel by way of the
40 pipe 10
A conduit 34 also shown in Fig. 3 r
branches fmm the condmt 26 bat, | ow- Simultaneonsly
ever, is usnally closed by the excess pres- whmsf frases is
save Salve 80, The valve 50 only opens '
§5 when the poxzles 33 become frozen on
account of the excess pressure then aris- t}xm he run cut of the
ing and the heated gases pass inte the small pertion of the
container 32 until the nogzales are clearsd  for this purpese is not used
by a heating of the ribs 35. lﬁst from the system.
50 It has been found that the performance mdm &p
of a motor npﬁmim? an the cmht:en

Taponr ar oo

wm-!nag még@ i removed from the




s blown through liquid oxygen,
. 8‘; An internal combustion engine us
zement claimed in claim 2 or 4 in which ﬁ -
_ In air- sure arising on heating the lignid o
Ay Al effect the drive by is utilised for conveying and injecting
. 55 the air ¢ rre due 1o motion through the liquid oxygen

6. An internal combustion engine ms 2

i in clait 4, in which the intro- 3
duction of the exBaust gas into the oxy- ¥
ges is effected by means of & contai -
which preferably is equipped with an 125
w €xcess pressure valye and is provided with 3
. & ;‘luﬂb’ty of nozzles.

7. A vaporiser ¥ as claimed in
elaim 6. in which . nozzles or their

mdlwhlm apertures  are electrically 130
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for taking vm lmpnlses itue @&
116 aAn i & b ﬁk h
claimed in ¢ . In which the '
- sion vessel i eombined with the mr
or m&lea‘ ar both.

17. An intérnal eombustma eagma for

hag titude areraft as
which the epoler for é‘m exhamt

sseaping to th

from ather apertures

m&m?&% into the ¢
. ternal




 the Mmms drawings,

l‘m Agents
hSB H don. E.C.
w Tn&e Apphicant.

7 Offics, by Jove & Malkomeon. Led —1992

mimu! combustion  enging
as described with reference

; m— this 224 d of November, 1932,
- " DICKER, F :?n&nm'm




PATENT SPECIFICATION

Application Date: Nov, 22, 1932. Ne. 33,012 / 32.
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COMPLETE SPECIFICATION

Improvements in and relating to Internal Combustion Engines ant
Methods of Operating the same,

I. Frirz vox Oper, of 33, Bismarck-
strasse, Berlin-Charlottenburg, Germany,
8 German Citizen, do hereby declare the
nature of this invention and in what
B manner the same is to be performed, to
] be particularly described and ascertained
T rand by the following statement :—
- The invention relates to an internal
combustion engipe in which the exhaus
gases after purification, eooling and
enrichment with oxygen and fuel are
again introduced to the engine, ie., an
internal combusiion engine which can he
regarded as operating with a eirenlated
medium : the invention also relates to the
rpcﬂm_utn_a arrangenments for this purpose
xisting internal combustion engines
are practicaily all dependent on the pres-
: sure and composition of the surrounding
air and cannot maintain their perform-
~ ance with falling pressure or {alling
oxyygen content of the air. In this con-
‘mection. it is immaterial whether they
erate as two-stroke or four-strole
engines or as diesel engines or as gas tur-
ines. Thus, such engines are unsuitable
for high altitude aircraft, particularly af
such altitudes where the pressure drop can
‘ne longer be compensated for by means
of pre-compressors.
ariicularly for the purpose of driving
submarine craft. it is koown to employ
eirenluted
L inm in which the combustion gases
wl!‘e not blown oui into the open bui after
l ‘purification, cooling and re-generationgre
' ‘‘again fed to the engine. The oxygen
‘which is newly introduced for each com-
.| bustion in the elosed cycle process can
40 be carried in gaseous or liquid form. In
‘aireraft, however, the use of liquid oxy-
gen is absolutely essential in view of the
. weight of the containing vessels. Liquid
" axygen can be carried in very light heat
A5 insulated containers whereas gaseons oxy-
| gen must be kept in steel pressure vessels
| under high pressure. The use of liguid
_oxygen has, however, the drawback that
the heat of vaporisation of the oxygen
50 must be derived from the heat content of
“the fuel.  This heat of vaporisation is
‘yery important and the efficiency of the
 motor will be very poor if this quantity
‘ [Price 1--}

40

15

| | engines operating with a

il

of heat can not in part be used apain in
the motor.

Now it is eustomary to spray the liguid
oxygen into the eylinder at the end of the
compression stroke with the fuel or sub-
sequently thereto.  The Lignid oxygen
which has been injected vaporises and
extraets its heat of vaporisation trom the
compressed gas which  serves as  heat
carrier.  The temperature of the gas falls
whereas the heat eonteng of the mixture
t}ht:lil]l‘(i ri’f“”@iaﬁ_ llll‘ ={alte. (}\\'iﬂﬁ' Tis the
vaporisation which takes place the pres-
sure of the misture in the evhinder rises
so that in this manner a part of the heat
enerey s recovered a8 pressure epersv,
This, however, applies only fo o port of
the heat consumed sinee the heat of the
Liquid and by tar the lareet part of the
heat of vapori=ation is lost,

Aveording to the present jnvention the
Leat of the exhaust gases, the vooling of
which huas hitherta  been  offeried by
speeial arrapgenwents, is used for the
vaporisation of the oxyveen and for this
purpose, immediately or o short time
after the workinge stroke, the lignid oxv-
cen is bronght into direet contaer with
the hor exhanst gases,

The cooling action itzelf can be effected
in the most diverse ways, for instatee,
by spraving the Hguid oxveen into the
combustion ehamhber or by bringing the
exhaust gases into direet contact with the
oxygen by blowing the gases tlere-
throuch. Partienlarly in the laiter case
it i= possible. by intensive conling, i enol
the exhaust was whelly or in part to sech
an extent that the earbon di-oxide and
water vapour contained in the exhaust pus
freeze out.

I¢ bas been found that consilerable
difficulties are envountered in spraving in
the oxygen hy means of pumps, as ithe
Liquid oxygen vaporises prematurels wnd
ras formation oceurs in the pumps, The
invention proposes, therefore, to dispese
the pumps within the oxygzen coutainer
and preferably heneath the liquid level,

Further, the spraying in can be
attained without the use of pumps by
supplving heat to the oxvgen countainer
and atilistnr the vapour pressure arising
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