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ABSTRACT 

This report considers several possible methods of driving suboarines 
submerged. Of the considered methods, many are of no value, while engin­
eering analysis of others shows that syotems can be developed which would 
make possible the design and const~uction of submarines having military 
characteristics greaUy superior to the present storage battery subm&rines. 
I t is concluded that two systems, in &dditlon to the electrolytic gas sys­
tem now being studied at this Laboratory, warrant development; these are: 

(a) The heat-storage system; in this, heat is stored in bot sub­
stances and used to generate steam for submerted pr opulsion; 

(b) The Diesel-liquid oxygen system; in this, liquid oxygen is 
generated and stored for use in driving the Diesel engines 
subl:l8rged. 
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STATEllENT OF PROBLm 

2. The military l i mitations inherent i n the present type storage 
battery propulsion system for driving submarines submerged are widely r ecog­
nized. Kost serious of these limitations are the limited submerged cruising 
r adius and low submerged speed. nit h tne 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 a vailable information on the possibility of f uture research 
developments in storage bat teri es _indicates thl.lt only a limited improvement 
in cape.cities can be foreseen in the next few years - too small an improve­
ment to incr ease material.fy the military value of submEirines. 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 
radius of submarines should be sought. It is therefore desirable to exrun.ine 
t he merits of other systelllS for propelling submerged submarines in the hope of 
finding n pr acticable system which would give a greater cruising radius and, 
if possible, obviate some of the other disadvantages of the storage battery 
system. 

3. ln this report a number of systems for subilerged propulsion of 
submarines will be examined. Many of these are nt present not feasible, 
but m,q become so in the future; others can be dis:nissed at once s.s imprac­
ticable; but some are considered ~orthy of furt:ier study. 

POSSIBLE SYSTEtalS Of SUBILUUNE PROPULSION 

4 . The following s-Jstems have been suggested: 

(a) . Tbe del Proposto System. In this the Diesel engine for surface 
propulsion is used subDerged as a compressed air engine operating from com­
pressed air stored in high-pressure tanks. (Plate l(a)). 

(b) The Neff System. In this, too, the surface Diesel engines a.re 
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 exbsust from 
the engine was forced overboard near the propellers with a resultant rue. 
In the later modification, exhaust gases were compressed end returned to 
high-pressure tanks within the submar ine .. The compressed air tanks were 
recharged on t.he surface with Diesel- driveu air compressors. (Pl ate l(b) and 
Appendix A). 
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(c) The Eleckolytic G~~ 07ste~. Internul combustion engines ure Jrl v~n 
by burning compres;:;eJ hydrogen and oxy6en sto:-ed in high-pressure :;tore.go 
cylinde::-s. These cylinders i:.re r-ech£.rgetl on the surface by electrol;r.;;l.:, of 
water in high-pressure electrolyzers using current from Diesel-driven 5<merc:.­
tors. The hydrogen and oxygen gases ma.y be stored seps.rately or generated 
and stored as a .:nixture. (Plate 2(c)) 

(d) The Ste&m Accumulu tor Sy::;tem. .:>teem turbine:; are fed w-l th high­
presaure steru:i from a steam storage tank (steam accumulator). This accumuln­
tor is recharged on the surface from an oil-fired boiler (which, of course, 
also drives . the submarine on the surface with the same turbines). (Plate 
2(d)). 

(e) The Solution Cycle System. This is u ~odification of the stec.m 
accUI11ulator system in which the exhaust steam from the turbine while opera.t­
ing subcerged is caught in a "solution trnnsfor.lller", that is, in a concen­
trated solution of sodiu:n hyllroxide (v1hence the name "soda-boiler"). 

The high temperature sodn boiler is then used to generate sterua 
to drive the turbine. The systam iG 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 J and Appendix B) 

(f) Fused i:iol! .. d Storage__~~- A turbine h, driven with steruu gen­
erated by a heat-storage boiler, the heat being stored in molten salt mix­
tures or in molten organic substances such us diphenyl oxide. The S'Jste,n 
is recharged on the surface by remelting the sru.t .atlxture (or reheating the 
organic liquid) with oil heat. (Plate 4(f) 1,1nd Appendix C) 

(g) Bot Solid Heat Stor~ge System. A turbine is driven with steam 
(or other working fluid) generated by a heat-otor&ge boiler. the heat being 
stored in hot solid substances. (Plnte 4(g)) 

(h) Liguid Oxygen Die~El,l System. In this a Diesel engine (or other 
internal combustion engine) is used, Diesel oil being burned with oxygen 
stored as liquid oxygen. The exhaust g&ses -- containing steam. nitrogen, 
carbon dioxide and carbon monoxide - are run through a condenser to con­
dense the sterun, through a cooler to remove the carbon dioxide, and then to 
a regenerator in which o:xygen from the liquid oxygen storage is added. This 
regenerated "airfl is fed again to the engine. The s.7stem is recharged by 
means of a liquid oxygen plant ~1th Diesel-driven air compressors. (Plate 
5 and Appendix D). 

DISCUSSION OF POSSIBLE SYSTE:it5 

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 air and the ver:, small energy 
content of compressed air; these make thls system valueless. 

(b) The Neff System. A sub:llarine using this system was actual.l.y 
built privately and put through trials about 1920. It is said to have 
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shown greatly increased submerged speed and submerged cruisi ng radius over 
contemporary submarines. This syste~ has the advantage of usini the i denti­
cal power plant for surface and for submerged propulsion. The chief defi­
ciency of t he early Neff system was the format ion of a wake by the nitrogen 
and carbon dioxide gases in the exhaust. With modern airplane scouting, t his 
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, bas the serious drawback of poor wei6ht 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 system. 
The component parts have been developed i n tensively in Germany and elsewhere 
in the last few years. The use of hydrogen in internal combus t ion engine~ 
has been studied by Erren, while the high-pressure electrolyzers have been 
developed by Noeggarath and others. This system is now being inves t .igated 
at this Laboratory under authority of reference (a). 

(d) The Sterun Accumulator System. An elementary .form of this systeill 
has been used on submarines. It dates b&ck to 1887 when Nordenfelt built 
a steam submarine. Since then the components of this system have been ~idel.y 
developed and used ashore in Germany. Steam accumulators are used extensivefy' 
for stand-by and peak-load power production, and turbines having suitable 
characteristics to give good efficiency ~rom 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 knovm, 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 temper~­
ture parts of the system, t he difficulty in designing and constructing sat ­
isfactory watertight smoke overboard discharges sucb that they could be 
secured rapidly and not increase the diving time of the boat, and the dangers 
inherent in ~ving 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 Solu~ion Cycle System. The soda-boiler s-jstem of sub:nnrine 
propulsion wns suggested by D'Equevilley-Montjustin a few years before the 
iforld War. It was tested by the German Nav-✓, but the teots were stopped by 
the outbreak of the war and, so far as is known, have not since been con­
tinuedo 

This system has all of the disadvantages of the plain steam accum­
ulator system with the added disadvantages of the c0111plexity of the soda­
boiler. Its advantages are chiefly the increased thermodynamic efficiency, 
but this increased efficienc7 becomes less and less as the steam accumul.ator 
pressure is increased; with modern steam accumulators the use of the sodn­
boiler addit ion is probably not justified. 

(f) Fused Solid Storage System. The use of steam accumulators as a 
means of storing heat requires the use or high- pressure storage vessels 
which are heavy and dangerous. Several engineers have suggested that it 



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 he~t of evaporation storaie with liquids), and as 
the heat capacity of the material heated to a high temperature. Paro.ll.eling 
the development of steam a.ccumula tors for stand-b,r and peak-load por,1er pro­
duction in Germany, German engineers have developed fused-salt mixturea for 
heat storage for emergency power production. The salt mixtures are .::18.lted in 
off-peak-load periods, and then used to generate steam on demand. Suitable 
sa.lt 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 a.re the high temperatures used and the 
difficulty of insulating against them, and the heavy weight of fused salt re­
quired. In the United States, organic chemical materials, such as di;,henyl 
oxide, have been widely used. 

(g) Hot Solid Heat Storage Sy~. This method was suggested infon:it.lly 
to the Bureau of (Steam} Engineering about 1920 by an engineer of the General 
Electric Company. He contemplated udng a large body of refractor-1 am.terial, 
s'.lch 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 aubmerged propulsion. As the heat capacity of solids 
is small. cOlDpared with the latent heats of evaporation and fusion of the sub­
stances considered above, high temperatures with the consequent heat inmlla­
tion difficulty would be required to obtain the requisite weight and space 
characteristics. The weight and space characteristics would COlDpare favorab~ 
with the diphenyl oxide and fused snlt storage systems if solids of a maximU111 
heat capacity were used. 

(h) Liquid Oxygen Diesel System. This syste~ has the advantage that 
the srune Diesel engine would be used for submerged as for surface propulsion. 
Further, most of the component parts have been developed to a high degree and 
are widel:, used ashore. The production of liquid oxygen aboard ship offers 
some difficulUes, 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 ox7gen for the Air Corps 1n high altitude f~ing. These ArJJV liquid 
air plants are mounted on :11otor trucks whose engines suppl,y the power. All 
of the component parts of this suggested system make use or equipment familiar 
to chemical. engineering unit processeo. 

It is not known whether this system has ever been tried aboard sub­
marines, but the patent {Appendix D) by the eminent German'englneer, the 
late Fritz von Opel, proves that it is beb.g 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. 

ENGINEERI~G ANALYSIS OF FEASIBLE SYSTEMS 

6. .FrOJD the above discussion it appears that of the sev~ral schemes 
considered only the following warrant further enal.ysis: 

Electrolytic Oas 
Steam 4\Ccumulator 
Fused SoJ.id 
Liquid Oxygen-Diesel 
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Pending cOlllpletion of the development of the first at this Laboro.tol"';, no 
final. decision as to its Vlilue can be given. To indicate the possibilities 
of the other three systems, a sketcly engineering-weight analysis me.y be ma.de. 
To do this the engineering weights for propulsion plants for the o.s.s. 
SP.ARK will be drawn up. The weights for the Diesel battery system cf the 
SHARK are as follows: 

(Generators 
(Motors 

Main Engines (and Auxiliaries) 
(4 engines, 1300 HoPo each) 

Storage Batteries 

Steam AccU111ulator, U.S.S. SHARK 

¼77,260 lbs. 1.J'I, zo-o 
BO,OOO II Cl o,ao o 

105,800 " 

356,600 n 

7. In this, it is assumed that t he electric-drive is retained, so 
that the motor and generator weights remain unchanged. Next, it is assumed 
that the total weight of the Diesel engines and storage batteries 

Diesel engines 
Storage Batteries 

105,800 lbs. 
356,600 n 
462,400 " 

is to be used for installation of steam turbines, a steam boiler and a 
steam accumulator. It appears that a steam-driven sub:narine would onl:, be 
feasible if a Velox boiler were used. Ta.king the best estimates (reference 
{b)) of weight for such a boiler as 10 pounds per H.P. (comp1ete with auxil­
iaries) give~ a boiler weight for a 5000 H.P. plant: 

Velox Boiler 50,000 pounds. 

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

Turbines 100,000 pounds. 

8. There remains a wei6ht of 300,000 pounds to invest in a steam 
accumulator . From data given in reference (c)., it is estimated that a 
steam accumulator (300 pounds per square inch initial. pressure) of this 
weight would have a storage capacity of 4500 H.P. hours (assuming no mechru1-
ical losses), or an estimated effective storage of 3600 H.P. hours. This is 
a greater energy storage thrul t he best storoge battery at high rates, but is 
less than a good storage battery at low rates. 

9. An outstanding dra1vback to the steam accumulator is that some 
6 tons of hot water lllUSt 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 coillparison would be less unfavorable. Decision as to 
suitability of the steam accUDulator propulsion system therefore depends in 
part upon interpretation of the provisions of the London laval Limitations 
Treaty. 
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10. Apart from weight and space considerations, there is no doubt 
that a steam-accumulator submarine could be designed and built. All of the 
cooponent parts of the syste~ are in wide use ashore. 

11. It may be considered th&t t.:le 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 characte~ist~cs of a 1600 B.H.P. plant for a German patrol 
boat m8'7 be given (reference (d)). The weight of the complete 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 assUl:les the use of electric-drive; geared-drive 
would considerably reduce the estimated weight required. 

Fused Solid Heat Storage, o.s.s. 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 system, the steaca for submerged operation being gen­
erated in a fused-solid boiler. With the Velox boiler and suitabl.e tur­
bines, there remains a weight of 300,000 pounds to invest in the fused-solid 
boiler. Thermodynamic data for the fused sal.ts are not avail.able, so the 
high-boiling organic chemicals so extensively used in beat- trans.fer opera­
tions in the United States will be assumed. Of these, Dowtherm c, a product 
of the Dow Chellli.cal Company, appears to be most suitable. If this is stored 
at 800°F, a J00,000 pound boiler would have an ideal. storage capacity or 
about 27,000 H.P. hours, far superior to any storage batter,y. The heat 
thus stored could be used at high efficiancy in a steam turbine. 

13. The oustanding dif'ficulty of this system is that of insull:lting 
against the high temperature required for maximum efficiency. With modern 
Naval heat insulators, this difficulty- is not insuperable. Even were lor,er 
temperatures accepted, the system would still give a submarine of superior 
military characteristics. Inherent in all steam plants is, of course, the 
lower eftici~ncy 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. 

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

15. In this discussion the use of organic materials for heat stor-
age is assumed. It is of interest to note that if 300,000 pounds of metal­
lic aluminum were used £or heat storage at 80cPF, the ideal storage c&.pacity 
would be about 15,000 H.P. hours. 

Diesel-Liquid 0::xygen Drive, u.s.s. SHARK 

l6. ln computing the engineering weights for tbie system, it is 
assumed that the present Diesel-electric drive la retained unchanged and 
that the weight of the storage batteries is available for replacement by 
a liquid oxygen generating and storo.ge system. It 1s further ass,med that 
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t wo ~ain engines totaling 2000 H.P. at a mrud.ml~J will be used submerged and 
that the liquid oxygen plant will be of sufficient capacity to recharge a 
one-hour's full- speed drain in 7 hours . 

17. Oxygen Con~uoption. 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 a liquid oxygen plant of 200 liters per hour cap­
acity. The estimated weight of such a plant is 170,000 pounds. 

19. Oxygen StornBe· Liquid OA7gen suf'ricient to run submerged at 
full speed for 10 hours could be stored in all-metal "theriaos-bottle" stor­
age tanks. 

Oxygen weight 
Storage Tank 

Total 

27,000 pounds 
23,000 fl 

50,000 n 

Of the total (storage battery) weight of 357,000 pounds, there remains a 
'.':eight of 137,000 pounds for t he condensers , heat intercbangers, etc. 
Since these all 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 apparenUy been developed in 
Germany. The patent disclosure (Appendix D) by the famous Germnn 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 ma.de up of components which 
are in extensive use ashore and are common in chemical 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- oxye;en-Diesel drive makes 
possible a submarine having a very large submerged cruising radius a t 
high speed, together v1ith the l&.rge surfuce cruising radius which charac­
terizes Diesel ple.nts. 

23. The outstanding deficiencies of the system are the long ti~e 
necessary to rechru-ge the oxygen storage (with oxygen plants in their 
present stage of development), the possible excessive noise in submerged 
operation, and the large space required for appar atus to handle the large 
volumes of exhaust and intake gases (assuming that air and not pure oxygen 
were used in the engine). 

24. 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 ufter the Mark VIII t or­
pedo power plnnt but burning pure oxygen. It is estimated that a com­
pl ete engine for 2000 H.P. could be constructed with 2 pounds per R.P~, 
or with 4000 pounds totnl (the weight of t he complete afterbodies of 10 
torpedoes, each of which can develop 100 H.P. with air, is 4860 pounds). 
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Such a power system would use pur~ oxy~en (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 po1Yer syste.u1s here con~idered are becoming of in-
creasing interest and importance to engineers. Developments in this field 
will therefore doubtless be rapid in the future, and will probsbly be more 
rapid than will be the improvements in storage batteries. If this proves 
to be true, then the superiority of these systems for subm:.i.rine propulsion 
should be even greater in the future than at present. 

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

CONCLUSIONS 

27. From the above study, it is concluded that there &re at loost 
two systems of submarine ~ubiaorged propglaion the development of v1hich 
would make possible the construction of submarines having greatl,y improved 
military characteristics. The first of these, t he heat-storage boiler 
(probably eJAploying an organic chemical subsui.nce for the heat storage 
mediU111), would require the use of stetilll 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 Laboratory; in the development of the latter sys­
tem, the experience of this Laboratory unic;uely fits it to undertnke t he 
work. It is considered that the engineering development of these syst ems 
could best be done by developing pilot plMts of, say, 100 H. P. which could 
be exhaustively tested. 

28. The conclusions from the above studies are summarized in 
Tables land 2. In Table l the energy storage for a given space and 
weight of the several systems is compared, while in Table 2 a rough com­
parison is given of the characteristics, military and engineering, of 
the several systems. 

29. It is considered th6.t the new systems discussed are not 
alone superior in military characterlstics to t he storage battery at pres­
ent, but thnt they hold greater promise for future improvement. 

JO. The liquid- oxygen syste.m is considered of possible importance 
to the Bureau of Aeronautics. Stratosphere flights, for example, may 
eventually require the carrying of liquid oxygen for the engine. Preswn­
ably the development of power plants for stratosphere flying will tend 
toward use of gas turbines energi~ed by fuel oil and oxygen stored as 
liquid oxygen. 



RECC>WJffiDATIONS 

Jl. It is therefore recommended that: 

(6) The development of the electrolytjc gas storage system (reference 
(a)) be continued. 

(b) The development of 6 liquid-oxygen power system for a 100 H.P. 
Diesel engine be undertaken. 

(c) Detailed study of the possibilities of heat-storage systems be 
undertaken in consultation with the Dow Chemical Com~ (which bns de­
veloped shore installa.ticns of this character). 

(d} The development of a he~t storage system of 100 H.P. be started. 
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;;.;;lBteE! 

{

l Hr. Rote 
Storage Battery 10" n 

20 II n 

Steno Accumulator, High Rate 

Dowtherm C Boiler aoo°F 
Aluminuc. Boiler 800°F 
Fuel Oil-Liquid Oxygen 

{

l Hr. RE.te 
Storage Battery 10" " 

20" " 
Sterun ~ccumul~tor 
Dowtherm C Boiler 800°F 
Aluminum Boiler 800°F 
Fuel 011-Lic;w d 0Jcygen 

TABLE 1. 

Comparison of Energy Storage Sys t ems 

Energy storage for 100,000 lb~. weigh~ 

Hor&epor1er Hours for 
1001000 lbs. weight 

950 
1800 
2000 

1800 

9000 
5000 

57000 

Notes 

These figures are for the highe~;t ,capac­
ity cell tested by the MateriQl Lab., 
Navy Ysrcl, N.Y. Vieight is for bare 
cells. 

Idelil, no thermnl or turbine losses 
included. 

Ide~l. 
Idenl. 
./4 lb. oil per B.H.P. Hr. assumed. 

Energy storage for 1000 cubic f~et spec~ 

1500 
2900 
3200 
1000 
4500 
8100 

38000 

{
High cupacity cell. 
Bare cell. 

Ideol. No losses. 
Ideal. No losses. 
ldenl. No losses. 
Assuming .4 lb. Diesel oil per 
B.H.P. Hr. 



TABLE 2. 

~omparison of Characteristics, Propulsion Systems. 

Diesel- Steam Fused-Solid Diesel-
Storage Batterz Accw:iulE.tor s1ceain Liguid-O~ge_n 

1111.1 tary CJm.rno ter_is_tic~ 

Surface cruising radius Large Medium lledlum Large 

Submerged cruising radius Small Small Large Very lo.r'ge 

Time to recharge Medium Small Small Medium or large 

Di v1ng tiine Small Medium to small Medium to smell Medium to small 

Other Characteristics 

Denger to operating personnel Medium Large S1D6.ll Medium 

Skill required or operating Medium 
personnel. 

Small Small Medium 

Smtili Ease ot detection from noise Slllall Small Medium to large 
generation. 

Expense - Initial. and upkeep Large Small Medium Medium 
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ABNEB B. NEFF, OF LONG :BEAC:::I, CALIFORNIA 

SUBMARINE 

.Application ti.led March 18, 19:!0. Serial No. 438,705. 

This invention relates to submarines, and, 
in some of its characteristic featnres, although 
not neces.c;arily limited wholly thereto, relates 
to submarines of the gt>neral type disclosed 

o in the patent issued to John M. Ca1:5e, 1,126,-
616, on January 25, 1916, and al<.io or the type 
set out in Patent No. 1,172,992 granted to me 
February 22nd, 1916, as the assignee of Allen 
Hoar. In the submarine of sain Cage patent, 

10 propulsion, both on the surface and sub­
merged, is by means of combustion en~ines, 
dispensing with the storage battery drive 
now generally in use for under-water pro­
pulsion. It is provided in that patent that 

15 air for the combustion engin<'s be stored and 
carried at high pressure in flasks; the en~nes 
taking their iiir from the interior atmosphere 
of the submarine, which interior atmosphere 
is supplied from atmospheric air while r1.m-

20 ning at the surface and from the storage while 
running submerged. The exhaust gases, in 
the Cage pat~nt, nrc compressed and expelled 
overboard ~y nn exhaust comprPssor opel'nted 
by the engine. 

25 · In the Hoar patent the propulsion is by 
combustion engines. both at the surrnce and 
submerged, as in the Cage snbm11rine. In 
the Hoar system. however, the exhaust gases, 
a.fter being cooled and somewhat condensed, 

:;o are compr·essccl ann expellPd ovPrhoard by 
using the energy of expansion of the stored 
air. 

In the submarine in accordance with my 
present invention I utilize both these prior 

:;5 1deas and, among other things, my pres<mt 
invention provides improvements upon those 
former systems. The present innntion, 
howev<>r, contains other improvements in 
submarines, ns will be s<>t out later. CTener-

{0 ally spenkini:r, the object oF the present inYen­
tion may be br'iE:1fly snmmarizecl nnder thC' fol-
lowing heads: · 

(1) To impl'Ove the efficiency nnd range of 
act.ion of snbmarin(>S which nre d,·in•n rx-

15 clusivelv by combustion e.nginc-s; 
(2) To improve foe flexibility of operntion 

ancl control of si1ch n submarine; 
(3) To provide such a system of operation 

that the submarine can either travel or lie 
60 under water for comporati,·dy long periods 

without botraying its presence by any ex­
pntsion of foul or exhaust gases; and 

(4) To provide for the aecomplishment of 
all tlir,s('. an:l otlw1· things in a unified and 
co-ordinated ;;ystC'm of such nature as to allow 65 
fle~;ibility oi' utilization of energy. 

Muny other objects and corresponding ac­
C?m;;li~hments will he a_pparent. from a cc_>n­
s1dcrntion of the following detailed descrip­
tion. The system abont to be described uti- eo 
lizes thnt system of propulsion now common-
ly Imown as "elcctnc"- the sys~m in which 
the final propulsion motors are driven direct-
ly from genernto;s operated by prime movers, 
withont any intervening electric stornge. In Git 
achpt:ng this electric drive to a submarine, 
:mdl p11 rticnlnrly for purposes of increased 
flexibility in 01~erution, and for efficient use 
of the limited interior space, I divide tho 
cngim•-gcnerator sets into severn] sets of dif- 2'0 
fcrcnt SJ.zcs, ::my or all of which may be used 
for driTing the propulsion motors. 

Snch division leads both to cfficieny and 
flexibility of operation. For instance it en­
ables Yery slow speed propulsion of a sub- TS 
marine without the usual very low engine 
efficiency. It nlso makes for better propelling 
efficiency as the propellers are designed for 
operation only by the pl'opulsion motors, in­
stead of being designed as a compromise for so 
efficiency between operation by propulsion 
engines nnd propulsion motors. And at the 
same time, this diYision of the power plant 
into units of different sizes enables the units 
to be located with high space-using efficiency 86 
in the tapering hull of the boat. 

In thus utilizing combustion engines ex­
clusively for propnlsion power, the present 
system provides for efficient air storage and 
for efficient use of the stored air and also 90 
o:f its ew;,rgy of comprl'ssion; 1md also for 
t>!nc~r!1t ust' of the hC'at of combustion which 
otherwise would go to waste from combus­
tion en~ines. The ai.r is initially compresserl 
to storage by compressor units driven by the II~ 
comlmstion engines. On coming ont 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 expansion. The rnaximnm 100 
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amount of energy of compression is thus kept 
in the stored a1r. The air pressure at the 
several stages may very conveniently be used 
:for Diesel engine operation, such engines 

5 being the preferred type of Rrime mover se­
lected for submarines. Utilizing thus the 
several stages of air pressure, the necessity 
o:f compressor units on the engines them­
selves is eliminated. In other words, a single 

10 compressor unit or compressor plant serves 
for all purposes in a complete unified sub­
marine '.'lstem. 

To utilize the energy of compression of 
the air, I prefer to provide an air pressure 

15 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 a.11 other electri-

:30 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 

25 the energy of compression, that energy is 
utilized under any and all cfrcumstances of 
the S11bmarine. 

With this general idea of the system in 
mind, the invention as a whole, and many 

36 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 

ll5 this purpose being had to the accompanying 
drawings, in which : 

Fig. 1-la is a more or less diagrammatic 
plan of a submarine equipped with my sy,s­
tem; the complete fi~ure being divided into 

-!O 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 

n piping interconnections are shown in heavy 
lines and electrical interconnections in light 
lines; and 

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

so in my system. . 
.As the description proceeds it will be not-ed 

at va-rious points and as regards various fea­
tures of the described system, that the inven­
tion is not necessarily limited to the particu-

;;i: 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 tq~ other hnnd, broadly speak­
ing, any type of combustion prime mover 
may be utilized. 

In the drawin~s a typical hull is indicated 
_ w at 10 and a typical super-structure at 11. The 

hull is divided into several various compart-

ments and, in general, will contain all those 
compartments, tanks, etc., usual or desirable 
in a submarine. Such things need no partic­
ular description here. The propellers 12 are 
directly coupled with and driven by the pro- 'iO 
pnlsion motors 13, which motors may conven­
iently be located in the stem 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- 75 
ward part of the hull close to the propellers. 

In the stem portion of the hull I place the 
several engine generator units, each of which 
comprises a Diesel engine 15 and a gt>nerator 
16. In the present instance, I have shown co 
three such units at each side, with the larger 
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 C5 
units 17, each of which may be of any suit­
able number of stages ; and· ea.ch driven by a 
motor 18. .Alongside these compressor units 
the air expansion :fl.asks or reservoirs 191 20, 
21, may be situated. These are shown- as CO 
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 hete three as 
bemg 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 IOO 
of operation of a sing-le set suffices for both, 
and so only a single set is s~own in the dia­
gram of Figure 3. To combme the two oppo­
sitely arranged sets of expansion fl.asks into a­
single operating unit, the two flasks 19 may l05 
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 no 
at 30 in Figures 2 and 2a; and they are shown 
as interconnected in groups or banks, each 
hank bein$.? connected by a pipe 31, con~ro~ed 
by valve 32, with the· high pressure air hne 
33. This high pressure· air line has a branch ns 
33a leading to the higl). 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 squnre inch) into the flo.sks. 120 

The compressor units take the air for thls 
purpose from the interior atmosphere of the 
submarine, the valve controlled inlet of the 
compressor beinl! shown at 35 in Fi_~ures 2 
~da m 

It will be noted that the high pressure 
air line 33 is so connected to the several 
bimks of air flasks that any one or more of 
the banks may be put into communication 

130 with the high pressure line either for com-



p'te~g ai'r into the flasks or for releasing 
air from any _ ~lected set of .flasks. Faral­
leii.ng the high pressure air line 33 is a hig~ 
pressure uhaust gas line 36; and a valve f;' <-:0Iitrolled connect.ion is ma.de.at 37 between 
thfo "high presin.1.re exhaust gas line 36 and 
each 6t t.he connections 31 to the several ban.ks 
of flasks; and thereby thls high pressure ex­
haust gas line may be put into communieli-

19 tion with any seleeted one or more of the 
banks of flasks. This high pressure exhaust 
_gas line, controlled by a valve 36a connects 
into the high pressure air line extension 33a; 
so that-, by proper mnnipnfati.on of the hi~h 

~ pnssure air control valve 34 and the high 
pressure exhaust control valve 36a, 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 

20 line 36. The hi_gh pressure. exhan!ot Hnc 36 
has a branch 36b. contro1led bv n valve 36c, 
leading overboard. .And the ·inlet. of com.­
pressot 17 not only comprises the a.tmospheric 
valve 35 but also a connection pipe 40, con-

86 trolled by valve 40a, and which commnni­
cates. witll 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. 

80 Paralleling the high pressure afr line 33 
is a first reduction a.ir line 42, which line fo 
in communicat ion with high pr<'ssUre line 33 
t.hrough communicat ions which include re­
ducing valves 43 and shut-off valves 44. 

· 81 There may be one such reducing valve com­
munication· from the high pressure to t-he 
first reduction line for each ba.nk of a.ir 
flasks. The reducing valves will reduce the 
pressure typically from the high pressnre to 

:" a first stage pressure of say 800 pounds per 
sqiiare inch. 

-The first stage air Jine 42 has branches 
42a iind 420, eontrolled by valves 42c, leRding 
to an outboa.rd coil 45 in which the _expander! 

146 air is heated by heat exchange with sea water, 
the outboard coil being located exterior o'f 
the hul1 and within t-he super-structure. A 
valve 46 is located in the a.ir line ·42 and 
between · the branches 42a and 42b · so thnt. :M -by proper manipnl_ation of the valve 46 and 
the yalves 42c, air may be passed through the 
outboard coil, or not, as desired. . 

After passing the outboard coil 4fi, the 
first stage air line extends on, as at 42d nnd 

63 has a connection at 42e with the first rednc­
tion tank 19 which acts as a reservoir for 
the .first stage air. Then this first stage nir 
line 42 also has a connection 42/, controlled 

.
80 

by the·valve 48, to a reducing valve 49; From 
the reducing valve a connection 50 leads to 
an outb_oard heating coil 51, and from this 
~oil 51 a connection 52 leads to .the secon~ 
stag-a tank ~0. . 

.llll From the connect.ion 52 a valve controlled' 
branch 53 leads to the reducing valve 54 

3 

which bas connection at 55 with the third 
o,itboard heating coil 56 t and from this third 
coil a connection 57 leacts t o the-third stage 
air tank 21. 
: The pressure in the second stage tank 20 ~o 
may typically be 200 pounds per square inch 
and the pressure in the third stage tank 21 
inay be typically about 5 pounds per square 
i1'ch. The air in each of these three stage 
tanks and their interconnected pipe systems fa 
v,ill have been at least to some extent warmed 
by heat exchange with sea water; so that 
Jhe energy of compression at each stage is 
kept as high as possible or practicable. 
· As I have indicated before, the several so 
sbages 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 particularly a:; 
adapted to and is described w:ith a. 2 cycle 
engme, it will be appreciated that it may 
be adapted, by making minor changes, to 
a 4 cycle engine, as well as an7. type of com­
bustion engine, and still be mthin the spirit ao 
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 !IS 

scavenge valves at 64 and the exhaust at 65. 
The injection air manifold is indicated at 
66, the starting air manifold at 61, the scav­
enge air man,ifold at 68 and the exhaust man­
ifold at 69; and the piping connections are 1ou 
correspondingly indicated in the diagram of 
l<'igure 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 10;; 
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 )IO 

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·_ pipe \ ~.:,: 
7~ and then through a heat exchanger 76 
through which the exhaust from the several 
engines is passed by exhaust communicating 
pipes 77 as indicated in Fig. 2. And the low . 
press1,1re. air, leaving the heat exchanger via· 12J 

line_ 78 communicates with the scavenge air 
manifolds 68 of each engine. Also in com­
munication with this low pressure air line 
78 at 78a is a line 19 which leads to reducing 
va1yes 80 to discharge air into the interior !'.',;, 

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

The exhaust gase.s, after leaving the heat 
exchanger 76 by way of pipe 85, first pass , . ) 
t4rough the outboard,· cooling coil 86 which 
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acts as an exhaust condenser to cool 11,nd con­
dense the exhat:1st •gas.es as far as is practi­
cable by cooling with sea: water. As a result 
of this condensation a considerabl~ amount 

, lS 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 i.nto the exhaust 
tank 41, wl\ere the pipe leads under the level 

10 of the liquid which may be maintained in 
the tank, u, that the gases a,re washed. Also 
to w,ash the gases and carry down any sus­
pended liquids or solids, a spray may be 
introduced into the tank at 88. A small mo-

15 tor operated spray puip. p is shown at 89 which 
takes. its liqmd from a small tank 90. Th:e 
tankmay contain water or.any other liquid, 
or any chemical which by reaction with the 
exhaust gases tends to condense or liquefy 

20 them. The accumulated liquid in the exhaust 
ta.n)r may be pumped out by the bilge pump 
91.operated by a motor 92, a pipi~g connec­
tion_ from the.tank to the pump bemg shown 
at 93,; and a line leading overboard from 

~3 the pump at,94. 
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 higll 

&'.I pressure from the compressor through the 
high pressure exhaust line 36 through exhaust 
line 367> overboard. If at any time it is de­
sired not to pass any exhaust gase.-, over­
board, for purposes of concealment, the 

·:l=i valves 36c in exhaust line 36b may be closed 
and the exhaust then compressed into the high 
pressure= exhaust line 36 and, by proper ma­
I1ipulation of the valves 37 compressed at 
high pressure into any selected b1mk or banks 

~0- of the air. flasks which at that time do not 
contain air. It will be readily rmderstood 
that, in order to provide for storage of ex­
haust at any t ime during the submarine op­
eration, at. least one bank of the air flasks 

_q must. be at all times empty of the air and 
ready to take the exhaust. To take additio~al 
exhp.ust storage while running submerged, 
other banks of air flasks will be emptied of 
their contained air fast enough to be ready 

D to take exhaust storage as banks are filled 
up with exhaust. 
- "When the wide range of rates at which the 

compressor l'i will handle exhaust gases is 
considered, the importance of being able to 

:;.:; operate the compressor over a wide range 
of speed independently of the engine speed 
becomes apparent, esp.ccially 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 ~o -forcing it 
directly overboard as elsewhere explained. 
In such case exhaust condensation may be 

:Ci par~ially or wholly disregarqed and the com-

pressors operated at high speed t<> expel the 
gases. _ 

When it is subsequently desired t.o release 
the stored exhaust gases, that can readily be 
done by simply connecting the proper air fo 
fl.ask banks with the high pressure exhaust 
line 38, and connecting that line with the 
exhaust line 36b, when the exhaust· will be 
expelled overboard under the pressure of 
storage in the flasks. 'rhe relatively _small t6 
residue of exhaust left in the fl.asks at th~ 
low final pressure may be cleaned out by sub• 
sequently pumping air into the flasks and 
then discharging. The flasks are tQus cleaneq 
for subsequent reception of their compressed e& 
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 'H 
submarine interior. The compressor; how­
ever, is only operated to comprtlSs 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 Oo 
the boat is submerged; and dm-ing those p~­
riods the compressor l'i may be used for draw­
ing foul air from the interior and compress­
ing it alon~ with the·exhaust gases by.some­
what operung the air intake 35 of the com- N 
pressor so that a proportion of air from the 
mterior will be ta.ken in for compressio.n 
along with the exhaust from tank 41. ~ 
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 fl.asks or overboard, 
the compressor 17 may be used to draw o:II 
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 no_t desirable to operate 
the air compressor or compressors 17, venti..].a­
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 to the 
fl.asks. Seeing that compressor l'i and com­
pressor 100 need not at any time be OJ?erated 
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 compr0$sed 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 
tunea. 

Just as the compressed foul air may be 
fed back to the engines, so compressed ex-

I 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 suppliecl from a special o:i..-ygen 
storage 150 which is shown connected into 

10 high pressure line 33 by pipe 151 controlled 
by valve 152. In average Diesel engine oper­
ation the oxygen content of the air is not com­
pletely consumed; and re-use of such once 
used a.ir, either mixed with other air or oxy-

18 gen, makes it possible iu eruergencies to main­
tain engine operat.ion longer than can be 
otherwise. 

In order to utilize the expansion energy 
of the stored air or other pressure stored 

IO gases, I may employ a turbine 105 which may 
preferably comprise three steps 105a, 105b 
and 105c ( as many steps as there are in re­
duction of air pressure), and this turbine 
may conveniently drive a generator 106 which 

25 is connected into the general electrical sys­
tem of the submarine. It is preferred to 
utilize a turbine of multiple stages in order 
that as nearly as possible the full expansive 
energy of the air or gases may be utilized. 

ao Thus the first turbine stage 105a may be con­
nect-ed by a line 107 to ilie high pressure air 
line 83, and it.s exhaust may go by line 108 
to the first stage air line 42. Similarly the 
second turbine stage 105b will be connected 

BIS b;y lines 109 nn<l 110 between the first stage 
air line 42 (through the lines 22) and the 
second stage connection 50; and the third 
turbine stage 105c be connected by lines 111 
lllld 112 between the second stage air line 52 

40 and the third stage connection 55. 
Suitable valvular arrangement.s are includ­

ed whereby the air in its several stages of 
expansion may be passed in any proportion 
desired either through the turbine stages or 

'5 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 pass through the 
several outboard heater coils 45, 51 and 56; 

150 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 valv~. 

The turbine operated generator 106 has its 
55 output line 120 connected into the main elec­

trical system so that this generator output 
may be fle:-cibly utilized for any power pur­
pose. For instance, in the diagram of Fig­
ure 3 the switchboard represented at 121 takes 

GO 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 

65 126 to compressor motor 18. Also from the 

switchboard a small storage battery 127 may 
be fed; and another switchboard 128 is illus­
trated as being fed from the storage battery 
lines, which last mentioned switchboard con­
trols the smaller electrically operated ele- :·70 
ments and those which may want to be oper­
ated nt 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 · %G 
130, the spray pump motor 89 which is fed 
by line 131 and the bilge pump motor 92 
which is fed by line 132. The storage battery 
for these purposes need not be very large-in 
fa.ct it may be quite small as compared with .. so 
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 eI!gines is, 
of course, being operated, with the propulsion .85 
motors directly energized from the generator 
or genera.tors 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-: to 
quired for that purpose, or by direct exhaust 
overboard. For direct exhaust overboard a 
valve controlled branch 135 may lead from 
exhaust line 87. .Accordingly, while running 
on the surface none of the auxiliary machin- .- 96 
ery need be operated unless it is desired to 
charge the air flasks, when compressor 17 will 
be operated. 

Normally all of the air fl.asks will be pref­
erably kept charged with air in rea.diness for; JOO 
submergence, excepting a single bank of 
flasks. If the boat is submerged and there 
is no immediate necessity for concealment, 
the engine exhaust is simply forced over­
board by operation of compressors 17, Air· 101> 
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. : . :110 

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 pf exhaust 
may continue as long as the vessel is capable :;5 
of running submerged, because there are al­
ways air flasks available for exhaust storage 
as they are emptied of their air charge for 
engine operation. . 

In case the vessel is at rest submerged, then · ::~o­
ventilation compressor 100 is utilized as here­
inbefore described to remove foul air and 
compress either overboard or into empty a.ir 
flasks, replenishing air being released from 
the a.ir flasks. Jzs 

Whenever in any of these operations air 
is released from the high pressure storage, 
the air pressure turbine 105 may, of course, 
be operat.ed. When the submarine is being 
propelled in submergence, the turbine oper- ~:n 
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may be selectively directed overboard or to 
the pressure storage means. 

10. In a submarine, the combination of a 
hull and a propeller therefor, a propulsion 

15 plant including a Diesel type internal com• 
bustion engine utilizing air at two different 
pressures for its operation, air storage means.! 
a compressor energized from the engine and 
adapted to compress a.ir into the storage 

10 means, and means for discharging air from 
the storage at reduced pressures and feeding 
the air at such reduced pressures to the en­
gine. 

11. In a submarine, the combine.ti.on oi a 
16 hull and a propeller therefor, a propulsion 

plant including a Diesel type internal com­
bustion engine utilizing air at t wo different 
pressures, a plurality of air storage units, 
a selective piping system selectively connecti-

20 ble with the storage units, a comJ?ressor 
adapted selectively to take air or engine ex­
haust and compress into the selective piping 
system, and means for discharging air a.nd 
exhaust from the piping system at reduced 

2i> pressures and feeding the air at such reduced 
pressures to the engine. 

12. In a submarine, the combination oi a 
hull and a propeller therefor, a propulsion 
plant including a Diesel type internal com-

30 bustion engine utilizing air at two different 
pressures, a plurality of air storage units, a 
selective piping system selectively connecti­
ble with the storage units, a com1:ressor 
adapted selectively to take air or engme ex-

SG haust and compress into the selective :piping 
system, and means for discharging air and 
exhaust from the piping system at reduced 
pressures and feeding the air at such re­
duced pressures to the engine, and oxygen 

,o storage selectively connectible with the se­
lective J?iping system. 

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

'° ABNER R. NEFF. 
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atl)d generator 106 adds a considerable 
amount of electrical energy for propulsion 
purposes, or for comprei:,-sion of exhaust, or 
for any of the various other purposes for 

_a which powor is required. Such utilization of 
tho 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 

-10 compression, it is not necessarily utilized for 
·that purpose but may be utilized for propul­
sion or for e.ny other power purpose. And 
one particularly advantageous result flowing 
from this flexibility of power use is in this; 

' Ill that even when the submarine is at rest sub­
merged, and only · e. small amount of stored 
air is being released for ventilation, the 
corr-esponding small amount of energy, uti­
lized throug-h turbine 105 and generator 10:3 

IO will be sufficient to supply a large proportion 
of the power required by compression motor 

· 101 even if the foul _air is being stored in 
_ flasks at high pressure. By compressing the 
foul air overboard, or_ by storing it in the 

U ·fl.asks at -something less than the high pres­
. sure of original air storage, 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 

ao the compressor motor 101 ; so that in such 
m.anner the submarine may lie concealed as 
long as its stored air will suffice for ventila­
tion. 

I.claim: 
15 1, In· a submarine, the combination of a 

hull and a propeller therefor, a propulsion 
pow~r plant including a combustion engine, 
air storage units, a compressor, intake means 
·for the compressor whereby it may take either 

co air or engine exhaust for compression, and a 
piping system conneeting with the ai r stor­
age units-and whereby the compressor may 
compress either air or exhaust into any select­
ed· storage unit. 

46 2. In a submarine, the combination of a 
hull and: a prop-eller therefor, a propulsion 
power plant including a combustion engine, 
air storage units, a compressor, intake means 
for the compressor whereby it may take either 

150 air 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. 

66 3, In a submarine, the combination o:f a 
hull and a propeller therefor, a propuJsion 
plant including a combustion engine, a com­
pressol' adapted to take either air or engine 
exhaust for compression, ail' storage units, 

60 a pipipg system selectively connectible with 
any of the ~ir storage units and with the com­
p~or, an air di~~arge .P~ping system lead­
mg from _the selective prpmg system to the· 
combustion engine and to the hu.U interior, 

GS and ·a second corn:pres::;or adapted to com-

,press air from· the hull interior into the se­
l(lctive piping system and thereby into e.ny 
selected storage unit. 

4. In a submarine, the combination of e. _ 
hull and a propeller therefor , a propulsion ·70 plant includin(T 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 ' 'lll 
hull and a propeller therefor, a :propulsion 
plant including a combustion engme, means 
for cooling and condensing the exhaust from 
the said engine, a compressor having in- _ 
take arrangements· to take either air or the · so 
condensed exhaust for compression, air st-Or­
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 SJ 

be compressed or stored in any selected ·stor­
ag& unit-, and means for feeding air to the 
combustion engine from the selective piping 
system: 

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

7. In a submarine, the combination of a 
hull a!1d a l?ropeller ther~:for, a propulsion 
plant including a combustion engme, means 
for cooling and condensing the engine ex- 10:i 
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 105 
may be stored under pressure in any seleoted 
storage unit, and means for feedmg.air from 
"the selective piping system to the combustion 
engine. · 

8. -In u submarine, the combination of a 'no 
1rnlJ and a propeller therefor, a propu)sion 
plant including a combustion en~me, a com­
pressor energized from the combustion· en­
gine aud having an intake adapted selective-
ly to take either air born the hull interior or llii 
the engine e:ii:haust, pressure storage me1,J1S, 
and means connectjng the compression side 
of said compressor either to thib exterior of 
the submarine or to pressure storage means. _ 

9. In a submarine, the combination of a \2~ 
·hull and a propeller therefor, a p:ropulsian 
plant including a combustion engine, a oom­
pressor energi:aed from the combustion en­
gine and having an intake adapted selecti-ve-
ly to take either ail' from lhe hull inierior 12.J 
or the engine exhaust, pressure storage means, 
the second compressor energized from the 
combustion engine a»d having its int&ke 
from the hull interior, and means whereby. 1: the compression side of both said eompressors · 
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·o.NITED STATES PATENT OFFICE. 
BAYXOND D':EQUEVlLLEY-llONTJ'USTIN, OF JUEL, GERMANY. 

lllETROD· OF GJ:NEBATpiG ST:EA:at Ji'OR SUBMARINE :BOATS. 

986,373. lpeci11cat1on ot Letters :Patent. J>atented Mar. 7, HHt. 
Appll9atio:a flle4 Xa.y 12, 1909. Serial No. 495,'91. 

To all wlw-m it may.concern.: and water-pipes which are in<licn/1•'1 In 1I"' 
Be it known that I, RAY!lfOND o'EQmi;v1i.- reference charncters I<' (o S an.J tl ,1:.,w,I, 

. r.t:Y-"Mo:-TJJ::STIN, a subjed of the King of which, during the operaiic.n of ilw -1,,,;; .. 
Spain, an<l resident of P4- Feldstrasse, Kiel. power plant, steam or waler cirrnla tb il1 Iii,· 

r, Gcrmanv. have invented ~rtain new and directions indicnte<l bv the arro\\'S. GO 
useful frriprov1:>ments in Methods of Gener- During the surface tml'!•l t!ic op,·rni i,.n ,,f 
ating Steam for Submarine Boats, of which the steam power plnnt takes plat<· i.1 ih~ 
the following is a specification. mann~r shown in Figure l. Tl!(' lin• ste:1111 

The present invention relates to a ste11m required for dri.:,rin,'! the stearu e11gin~ J) i,; 
' 10 power plant for .the type of submarine boats then generated rn tlie watt>r-(11ht, hotl,·r -~ 66 

which are driven by a steam engine which which is heated by meaus of ilw <Jil-!111rner 
has. its driving steam generated in a fired a1• The steam is conducted through 11 pipe 
steam boiler during the surface travel while, F into the steam engine D and aft1::r tht! 
during the S11bmerged travel, the driving steem has perfonned its work in the engine 

16 :;team is gel)erated in. R hot water_ boiler. it is conducted thr<>n/!h a pip<• (} into the 7o 
These steam power plants, which w<:re first conde11ser E. After th1\ stPan, ha~ b,:c;,,.ue 
used by Nordenfelt, <l1/not. meet the modern condensed in the c-ond(•n~er the w:1!cr of con­
requirements to be complied with for a sub- densation is condut:tecl as foi,d-watcr to t he 
marine boat in as far .as the hot wllter boiler water-tube boiler A through tlu, pipe H. 

20 alone can only give off-steam for a compara- l'rior t.o the change to ·811hincrged travtl 75 
tively short time so thpt travel under water ll J>arl of the ]j\·e ::;te11m gpneraled is con­
can only take place for a short time. . <lur,ted th.rou~h th;; pipe J into tl1e hot wat1,r 

The object of the present invention is tol hotter C and· into the watt'r-compartrnents 
improve this type of steam power p.lants b' ,of the wda-boifor, wherebv the contents 

25 and the process of operating the same in of the hot water boiler nll(i of the soda- 110 
such a manner that the duration of the suh- holler is brought to such a teuiperat ure (the· 
merged travel can be ·considerably pro- hot watN- boiler to a tomperat.nre of a.bout 
longed; and that it will furthermore 'be pos- 20t0

) that these boilers are immediat.ely· ' 
sible to obtain the water -carried a.long for re:tdy for operation when the ,.Jiange to 

so evaporation, which water is so valnablu in sutmerg<>d trawl takes place. W hen· it is 85 
submarine boats by r!'..ason of the available de$ire<l to di\-,J with the boat. the c,il-burner 
space, without neeessitating special tanks £or a' of the water-! uhe boil<,~ A i:; extin­
feed water and w:iter of condensation, · ;:niished. The open,t.icm of the st.Paru p<,wer 

The accom,,anyir!g drawinl,!~ sho~', by way plant now preferal,ly takes plnce in the 
35 of example and drngr:immaticnlly, an en;i- manner shown in I<'ig. 2. In thii:; instance 90 

bodiment of a steam power plant iH ,d~ord- the boil~•r C is U!';P.d ns hot water boiler, that 
anc.e with the present invention. T l11i ,.. ver11l "i" the st1:>am iiener:ite,1 i11 the ooiler C is 
figures of the drawings merely diff1r . frm,1 conducted dinwtly to the steam /engine D 
one another in having the Mlsentiul bans of through the pipe IC The exha';1st steam 

40 the steam power plant connected ":ith · one from the steam engi11e pass.:'s t.h'rnngh the 95 
. another by means of steam-pipes and water- pipe G int<) t.lie condi>nser J,~ from whi<:h 
pipes in !fdJerent ways corrrsponding to the the water of conrfons~tion r:(:turnf: as f,:hl · 
possibilities of openltion during tlic snrfacc water to till' boiler C throu:.rh the pip,· J .. 
travel and the submerged trnv!;'L :when the steam gener:itc({ in the h1>L ,, at!•r 

45• The st.earn power plant mainly c1insists of boiler C is r.ot an.r longer ;:,f sufficir•,1t ten- 100 
· the_ following parts: a. water-tube boiler _A ·sirn I prc!ceed to th~ Opl:ratic,n ,of tl ,e socla­
-wh1ch can be heated by means of an 01I- l holler a11 1llustralecl rn Fig. :3. fhe rxha.ust 
burner a1,· a soda-boiler B which is divided -j st,r.am from the tngine i9 not. any l(•nger 

. into a compartment b' for a solution of caus- conducted exclusively to the condensei- R 
5G tic-soda and two compartments o• !or ~ater i but a pnrt. M 0e c;drn!1st <;team is condue~ed io5 

to b~ evaporated; a hot water' boiler C; a : fhrough the p1pe M rnto the soda-snlt1t1on 
steam engine D and a condenser E. These m the compartment. b1 and is absorbed by 
parts of the steam power plant are connect- the solut.io~. The solntion is thereby heated 
ed with one another in t.he manner shown in and gh·eil off its beat t o th~ water in the 

55 the several figures by means of steam-pipes compartme~ 7,• and generates live steam 110 
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_ju tlicsc c-omparlments. This live steam is I stcum required for <lriving the sknm engine 
llwJJ conducte<l through tti-e steam-pip~ .N D is in this in,,tancc nga111 t:lkt'u from tlw 
into the steum engine D. _ . - I watl:'r - tnbe boiler .\ :111d is rc•nilurl('d 
· .\s exp<>rimcc has d_emonstrated that· the through the pipe F to tlw 1•11gine T> w!wne<l 

5 lieut i11 tlrn so·da-boiler, especially at the j the total exnuust &tc11n, paR~t;s thrnngh the 10 
:,fart of tht' opero,tion, increases to a con- pipe G into th!\ c.on<l<'.nscr E. Siruult.o­
sidcr~ble ext.cot a~d as th~ capability of ~lr ueously ~erewith ar:ofhrr part of the g"(•n­
sorphon of t he soda-solution decreases Wlth· eratrd !n·e steam is c-vnlluctc-<l from the 
the incre~sing te!Dpez:ature, the water of 'l\·atei-t,rbe boiler: .\ through the pipe J into 

10 ,·ondensation, which is formed from the the water compu.rlrn<>nts b' of tht> so<la- 75 
)iart of the e::chaust steam of the machine boiler D, whereby the diluted sodn-;;ol11tion 
conducted to the condenser, is, especially at is evaporated, and in order to facilit.1te the 
the start of the operation, conducted evaporation the· compartment b1 for the 
through the pipe O into the wnter comput- soda,solut.ion is .placed in communication 

15 ments b' of t.bc soda.-b-Oiler. This fact et- '\\'ith t.he condenser 1'':' through the steam- so 
:ibles the opentor to regulate the tempera- pipe R. The water of condllllsation which 
ture of the water to be evaporated and 1s formed in the condenser E fro111 the ex: 
therefore nlso the temperature of thc' soda- haust steam of the steam engine D and from 
solution in such ·a manne1· that the capa• the steam arriving from the compartment 

20 biJjty of obwrption of the soda-solution re- b1 is conducted,. to the boiler C which sen·es er> 
)'.llaim: :i.pproxim,\te!~··the snnie. During the as tank for the ,vater of condensation and 
operation the frecl to the water-co1;1part- which in that manner becomes wndually _re­
·ments 7J: takes p_lncc from the boiler C fi.lJed, the amount of lhe water m tire boiler 
ihrong-h the· pipe P and in thi~ instance the C having become grentJy· decreased fl11ring 

~5 hoilt'i' C is nsecl in its 1-econd rap~ity, viz. the operation accornin~ to Fig. 3. The s11r- 90 
a~ f~•:-' wur,•r !"l';-epta<>le f,,r. the soda-boiler plus _of hot "."ater resulting from the ~ntro-
ll. ll1c pL·oY1.,;u>n of spccttd feed watei;- duchon of livt! steam through the pipe J 
t1mks is th1;refore 111:Hle u111H:ce~ary. into the water compnrtrpents b' is conduct-, 

If, nfh:1· a pr,,trnde,1 snlimarine tra\:-eJ, ell as fee<l water tlu·ough the pipe S into 
:so thP, dilution of t.lw solution caused by the the water-tube boiler A or in t_he op~site 9·5 

absorption of foe exh:\u;:.t steam from the direction through the· pipe P (Ii,~. !3) into 
l'll!?'irw h:1s c:wserl t.h,: h~\-cI of the soda-solu- the boiler C (Fig. 3}; when the tioiler C is 
til;n to ul!c-on1e so high that the solution suflicientlv refilled the ·water-tube boiler A 
complr.tcly fills tl,e <:olllpartment l>', or if may be ~ su~plied with water t,herefrom 

as before tiwt tilll(\ th(: dilnfion of t.he solution t!irough the pipe s• ... Wherr t~e aoda-solu- rno. 
J,3s re,lched suc·h un extent that the 80da- t1on has become suffi.c1entJy concentrated by 
~•>lntion is not uuy · longer capable of ab- the evnpora.tion and wben the boiler C has 
,,orbing any st.l'am, tl)e duration of the sub- become sufficiently re.filled I once more re­
merged tra\'e} of the ·bo:i.t can be. :further vert to ·the method of operation· shown in 

40 prolonged l?Y u~ing the m~thod--of operat~on Fig. 1 _(the cycle A~ EA). .. . . - 105 
,JJustrnte<l m Fig. 4. Th1s method consists Having thus described m7 mvention and 
in the 1:urther utilir.ntior,, to tbe greatest what I claim as new thereJn and desire to 
prncticable extent, of the heat present in secure by Letters Patent is: . . 
the soda-solution for the generation of live 1. In · tho method beM -described for 

-t5 swam i n the water ·compartments b2
• The propelling vA!ll861i .of the- submarine . t;y_pe 110 

live steMn is. c-0nJucU:d to the engine D - which-consis~ in using D: fir-ed. ste.tml holler 
through the pipe N as rn the mode of oper- to propel the vessel dut?Dg mrface travel, 
1~tion shown in Fig. 3. However in the using a hot water boiler t-0 generate· steam 
method according to Fig. 4 the exhaust during submerged -travel, and using a soda 

so ~t('rtm froru the en.,."lne D is not any longer lx>il1.>.r in co~nection . with the firea steam 11 Ci 
t:(ln<luct~d into the soda-solution, but it is boiler to, supply the necessary steam gen­
<:ond:.il'ted f'xclusivclv into the condenser E. ernting power upon the exh&ust-ioo .of the 
The water of condens ation is now conducted hot water boiler, and in · COJ'!ducting the 
through the pipe L int.o the boiler C and is heated wJtter remaiDin,i in: the bot · water 

55 stf\red therein. The boiler C then serves in boiler to the soda boiler as feed w&ter, 120 
a third l'.aparity, viz. as a re-eopblcle for.the whereby to prolong the submerged travel. 
water of c:on()1•11sation so that the provision 2. In the meth0<l herein described for 
of special tank~ for the water of condensa- propelling ves.wls of th<! submarine type 
tion. is made u1me~ry. I which consists; tiThi:, in 1.igjng a fired steam•. 

t.CI On the ch:inge to surface travel the burner boiler to propel the vessel during surface 1 z:r 
a' i~ aga i11 p11t into oper:>tJon. The method tranl; second, in co,nYe,.-ing steam tber&-
<,f opE>ratiou !-'hown m Fig. · 5 is then ffrst rro:::i i.I;!-,o a hot water boiler for ge,nerating 
made use o_f anci sen-~s to ouce · more r.ut j steam to be ~ttili2:ed • durin_g_ s~bmerged 
tbe soda-boiler B :ind the hot water bo1ler travel; and tlurd, m the utibzation of a 

Sf ') in condition for operation. The live soda-boiler :wherein a part of the cxhoust 130 
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steam from the engjne is conducted into the 
.,oda solution for generating live steam, 
while the remaining portion of the exhaust 
steam after condensation, and niter reduc-

~ tion to a lower temperat,urc than the water 
in soda boiler, is introduced therein for 
keeping within permissible limits the Ullde­
sirable increase of heat in. t.he soda boiler, 
whereby to prolong the duration of opera-

1 o tion of the soda boiler. 
3. In the method herein described for 

,propelling vesst>.ls of the submarine· type 
which consists; first, in using a fired steaµi 
boiler to propel the vessel during surface 

·Hi · travel; second, in conveying steam there­
from into a hot water boiler for generating 
ateam to be utilized duri.Jig submerged 
trsvel; third, in the employment of a soda 
boiler having its soda compartment con-

20 nected with the exhaust of the engine and 
adapted to generate the neces8!1ry steam 
power u~on the exhaustion of said. hot 
wah•r holle1· generating means; follrth, iri 
uiS1:011tinuing the use of the Jloda. boiler 

25 wcam._ wheu th, increasing dilution causes 
the so<la solutiqp to completely fiH its re­
ceptade or makes it incapable of further 
ab~orption; fifth, in theu conducting the ex­
haust steam aforesaid into a condenser and 

30 theIJce storin~ the same in the hot water 
boiler aforesaid; and sixth, in utilizing the 
hed remaining in the soda solution for gen­
erating l ive steah1 in the water' compart-
111rnt of the sod11. boiler until the heat of 35 the so<la boiler is practically exhausted, . i 

4. In the method herein described for 1 
pn,pelling vessels of the submarine type I 
which consists; first, in using a fired steam 

boiler to p1·opd tlu.• vessel during surface 
truvel; second, in conveying steam there- 40 
from into u hot water boiler for generating 
steam to be utilized during submerged 
travel; thir<l, in the employment of a soda 
boiler connected with the aforesaid meanti 
and adapted to supply the necessary steam 4-5 
generating power upon the exhaustioµ of 
said hot water boiler generating means; 
foul'th, in conducting the heated water re­
maining in said hot water boiler to the soda 
boiler as feed water, whereby to prolong 60 
th-e submerged travel; and fifth , in convey­
--ing 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. In the method herein described for 
propelling vessels of the submarine type 
which consists in using a fired steam boiler 

f,5 

to pro,pel the vesi;el during surface travel, 
supplymg a hot water boiler with live GO 
steam direct from the fired ste11 rn boih•1· to 
q11ickly generate steam U1crein for sub­
merged travel, using a so<la boiler · in con­
nection with the fired steam boiler to sup­
ply the necessarr steam generating ,power 6-5 

upon the exhaustion of the hot water boiler, 
and in conducting the heated water remain­
ing in the hot water boiler to the sq<ln boiler 
as feed water whereby to prolong the sub-
merged travel. 70 

The fon•going specification signed nt 
Paris, Fronce, this 21st day of .April, 1900. 

RAYMOND D'EQUEVILLEHIONTJUSTIN, 
Jn presence of-

D~AN B. ~fAsoN, 
J OllN RA K t;R. 
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·The invention relates to a heat carrier for high 
temperatures for indirectly heated plants. While 
I prefer the !llustrative 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 specul.cation. A salt melt consisting of 

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

Chiefly a 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 bolling point, 
good heat transfer, low viscosity, high speciflc 
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, a.nd does not 
form any explosive mixtures with other sub­
stances. The composition being as stated above, 
the melting Point ranges approximately at 180° 

25 centigrade. If the melting point is desired to be 
lower, it can be reduced to approximately 140° 
centigrade by adding other salts 1,1.1.ch as lithium 
chloride and ferric chloride. Compared to other 
heat carriers known so far, the above heat ca.r-

30 rler offers the followin g advantages. 
It is much cheaper than any metal melt. 

Metals with low melting p oint, such as mercury 
or bismuth alloys, cost approximately from ten 
to twenty Reichsmarks per kilogram. Their spe-

35 ciflc 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 a.n apparatus would cost 1:1.p-

40 proximately 100-260 times as much. Even if 
comparatively cheap metals, such as lead and 
zinc, are used, t he 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 
di.wcult that these metals can not be used. Also 
the high coefficient of expansion and the good 
conduction of heat of the meta.Is 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 or the 
metals has the disadvantage that if a high appa-

li5 ratus is used the lower parts of it are subjected 

to a considerably high QYdrostatic pres.sure. 
Finally, several metal melts, e. g. molten zinc, 
attack iron very much. 

Oils having ,hlgh boiling points, and .other or­
ganic liquids, e. g. diphenyl . coo.de, can not be 5 
used at temperatures over 400° centigrade. Up 
to the present no organic liquids 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 10 
burn through. 

Compared to other salt melts, the above heat 
carrier has the special advantage that it is very 
cheap. Zinc chloride, sodiwn chloride, and 
potassium chloride are by-products of very low 16 
price. Further the above beat 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 20 
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 h eat carrier can be used especially 
in the chemical industry a.nd in the oil industry, 25 
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. 30 

In the field of generation of high pressure 
stea.m, 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 lncrusta- 35 
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 40 

the heat carrying medium a molten mixture of 
metal chlorides, predominantly consisting of 
chloride of zinc, and including substantial quan­
tities of metal chlorides of the class consisting of 
alkali metal chlorides and chlorides having sim- 45 
ilar effect in the molten mixture, the medium thus 
constituted having a melting point substantially 
below t hat of chloride of zinc. 

2. An indirect heating system employing as the 
heat carryin g medium a molten mixture of chlo- 50 
ride of zinc and other metal chlorides forming 
with chloride of zinc double salts existing in the 
molten mticture, the medium thus constituted 
ha ving a melting point substantially below that 
of chloride of zinc. 55 

APPENDIX C 
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3. An indirect heating system employing as 
t he heat carrying medium a. molt en mixture ap­
proximately 75% chloride of Zinc, 15% chloride of 
potassium and 10% chloride of sodium. 

5 4. An indirect heat ing sYStem emploYing as the 
heat carrying medium a. molten mixture of ap­
proxim,ately 75o/o chloride of zinc, 12% chloride of 
potassium, 8% chloride of sodium, 5% chloride of 
lithium and 5% chloride of Iron . 

10 5 . An indirect heating system employing as 
the heat carrying mediu.rri a molten mixture pre­
ponderantly chloride of zinc, and containing suf­
ficient alkali metal chloride to impart to the mix­
ture a melting point materially below that of 

15 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-

20 sisti.ng 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-

prising preponderantly chloride of zinc, which is 
a halide of a weak negative, acid forming metal, 
and sufficient halides of the class consisting of 
NaCl, KC! and LiCl, which are halides of strong 
positive, ba.se forming metals, to impart to the 5 
mixture a melting point materially below that of 
the preponderant metal halide. 

8. An indirect heating system employing as the 
heat car rying medium a molten mixture compris­
ing preponderantly chloride of zinc, which iS a 10 
halide of a weak negative, acid forming metal, 
having incorporated therewith at least one of the 
halides of the class consisting of NaCl, KC! or 
LiCI, which are halides of strong positive base 
forming metals, characterized in that one or 15 
mo:re of the incorporated latter halides forms 
W1th the preponderant halide a double salt ex­
isting in the molten state, and further character­
ized in that the quantity of these latter halides 
present is sufficient to impart to the mixture a 2o 
melting point materially below that of the pre­
ponderant metal halide. 

KARL GENSCH. 



PA.'l'EN'I' SPECIPlCATION 
Application Date: Nov. 22, 7932. No. 33,072 /32. 3~)8,367 

Complete Accepted; Sept. 7-1, l fJJJ. 

COMPLETE Sl'ECIFICATiON 

Improvements in and relating to Internal Combustion Enginee an1 
~et4ods of Operating the same. 

I . F1un vo~ Qp.1-:1,, of 33, B i~marck­
str~sse, Berl~:-Ch.nloUenburg, Germany, 
a berman Citizen. du herel>:r dedare the 
nat11re of this in,ention nuJ. iu whut 

5 manner. the S'.tlme is _to be per i ormed, to 
!>a p :nhS!ularly descr1beJ and ascertained 
1n nn<l by the following statement :­

Tht• in\·et1tion rt>];)tes to an internal 
comln1s1 ion eu;;is1e in whit·h the Pxham,;t 

to fr,i<e.- after pnrili.:.-at iou. CO(llin" and 
enrieh111t•nt with nx,·!!'ell and fu°~l :i:re 
ag-ain introrlucetl to' the eu,~ine i e :rn 
inlet 11ai coml.,11,;tion 1'ngi1w ~,-hi~h ~.~;1 l,e 
1·e!!anletl as operntin,~ with a circulat.-!I 

15 me<lium: th£> -innmti~~1 uh,o relates to th .. 
l't'q~l~~it~ ttrr_anl.!'t>111e1tts for tl!is puq~l•,•. 

.E,x1strng tnlt>rual l'Omhust1011 Pn)!tne~ 
nrP pr:wtical!y a ll dependent on the pres­
::irre aud compo,itimi of the surrom11li11tr 

20 air anti cannot mainrn iu tlif'ir perform­
ance witlt falling 1Jrl':-;sure or folliuz 
t"lxy~t'n eonhrnt of tlit.> air. ln this ro,;­
nectio n. it i,- imm:i.1.-rial whet her t h1•\· 
opera1t> as two-,;frnke or four-c<l rok·e 

25 e~gines or M; ,i ie~d t•ngine,; or ~1:; ga~ tur­
hmt-s. 'fhu::t. :rnd1 <'ng-ine~ are un;;nitablc 
for high aHit:1dt• airr-raft. parti,•11larh· at 
such alritude~ wh1' J'<' the pre%11rc dro-p-·eau 
no long-el' be rnm1)eJ1~ated for b\· mean• 

30 of pre-compressors~ • 
P articularly for the purpose of drfring 

submarine ri-aft . it is kuow11 t{) en1plov 
eng-i ues ope1·atin:.r with a cireulutetl 
medium in which the combustfon f!SSes 

35 ore l!')t hlown 11ut infn the opt-n 1mi :ift .. r 
purification, coolin!,t and re-~eneration :1re 
~g-aiu fed to the ent:"ine. The oxnten 
which is newlv introduced for each com­
bustion in th; closed c:rcle proces~ can 

40 he carrietl in ga~t•ou,:: or liquid [ortn. Tn 
a ir (•r::dt. lHnv1wt>r. the use of liciuitl ox.\·­
!?'en is·ah-:oluh•ly <>ssential in ,iew of thr 
" eiµ-ht of the confaiuin:z ,e,; eb. Liqnid 
ox:nten q:m be carried in very l ig-ht heat 

::\5 in,;u!aieil container;; whereas gaseous o:xy­
l?l:'n must bl" kept in steel press1ue vessels 
·uud.-r hig,h pre--~ure. The use of liquia 
o:i:yp-en has. howe,·.-r. the clmwback that 
t h.-. heat of Y.lpori~ation of thf' ox_\"!fPn 

50 must h,· <IPTin•rl frnm the heat c,ontent. of 
tl1~ fo,,1. This l1t>:1t of Yaporisation i:; 
verr important :in,l the ~ffie ie!lC'.1-' of ~he 
motor will l,e- ,er_\' poor 1! th1s qu:mtity 

[ l' ri,·,, I ; 

of lieut can 11ot iu part be u.-,ed again 1n 

tho mo tor. 55 
~ow it is customary to spray the liquid 

oxygen into t}10 cyliutler at the end 0£ the 
con1pn•s,-io11 stroke wit h -the fuel or sub­
sequently thereto. 'l' he liqui,l oxyg-en 
wl1id1 has heen injedt>d vaporise;. and 60 
,,xtrad~ ifs lu,al, of n1purisatiou from t hP 
<•()mpre-st11l gas which sen-es as heat 
carri~r. The iempi'ral urP of I h1, ga, falls 
wh•·r"as the heat l''1Ult>ul of tlw mixture 

· obtained rcmain:1 tl1e same. Owing to the H5 
'\"llporisal io11 which takr,; p hm! the p~~­
sun• ,,f 1h1• rnixtur~• in tht> c,·lin,lt>r ri;.~ 
so 1hat in this 111:11111t>r a p:irt of thr ht'at 
,rner~y i:;. rt>rtn-rrt><l a:1 pr~SUN' ~nt-r:;:v. 
This. howf•,rt. :1pplit'S ouly ln a part o f 70 
t he h,•at 1•1111,:um1•1l sinc1• tlu• hl'ttf of thr 
liquid a11 ,I by_ fat: tlw. lar:.,"•,:f Jlati of lht> 
h,•at n l Yapor1:<a11•111 1:< 1u"!. 

. .:.\n·ur,I illi? lo the prt>~••nt in,·eut i1•11 t liP 
h.-,:n .,f tlw e:drnu,:l µ-:1:<1•:<. fht• eo-0l i11g n{ 75 
\fhi,·h li:L, hitl1t•rio lwcu l'fft•dc1l hv 
~pr•1·i:d :1rra11gt>nw111s. is ,1.,.r,l for th·~ 
,

0apori-.a1i1111 of the• oxnten :11111 fur thil4 
JH1;·110:<t. imna,cli.,t .. ly ·•lr :1 ,;hort time 
afh•i· tht> workin.1: ~trokt>. tli1• lil1uid nx~·- 80 

·,.,,ll i,- hr,,11!.!'lll iu1n 1lin•d 1·r111lac-l with 
ttw hot t•xhnust g-a~es. 

The •·voling act i .. u ih>clf 1·:m lw rfr>'t'fNl 
in 1 ;,., rn,i,;t ,I iY1•1·~1' wa \·,;, fo, in~tuuc.e. 
h~· :<J1r:1_\·i11:: tin• liqui,I ·ux_vg,·11 intn lht> 85 
comhu,,i_i.,n · 1·l111mlwr or I, \. hri11i:i11;z the 
exh:rn~l g-a:<es into clirct:I 1·1m l11d wilh the 
O:'\YJ..'1.'ll I"· hl11wi1w tht> i:n:<,•s tl1ere­
tliro11!.!'h. ·Partirnfo;h- in th., lath•r r:1se 
it i:< p11,-.if.lt>. !iv inten;_ive t·ooliug-. to cnol 90 
the ·•~l,:rn~t gas wholly or in par-1 to SIJl'h 
au extP,nt that tht> carbon di-nxi<le nncl 
,rnter n1J1t111.t cout.:i ined in the exhaust gas 
freeze out. 

It. 1,as bi:en £01111,l t hat Clln~iih•rahle 95 
ditficultie,. are entountered in spray ing in 
t he ux.vg.:m by rnenns vf pump~. as the 
liqni,l 11xygen ,apori;,es prenwt\1rrl:,,• irnd 
~as formation occurs in tho pump:1. The 
inwntion proposes, thi:refore. to dispm,e 10Q 
the p umps within the oxy~en container 
and prderably hen eat h the l iquicl le'\"el. 

Further. the sprayin~ iu cau be 
attni11£'rl 1\·itl1out the u~e of pumps by 
!illppl_vin\! }ipat to the oxygen r.ontairrnr 105 
aud ntili~ing the ,apom pressure arising 
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---------------------------------- -
for coo..-e5ing aud &praying fu. uie 
o~y~n. 

fhe extenah-ce ooolini o[ the e:xhaust 
$fas u1ake~ it nec~uary to mafce special 

5 1:>\"0Visfon for the iiepa.ration of the con­
densate whfoh o<'CUrtl in put in .large 
quantities beeause tlw condenilate on the 
one hand would interfere with tb.e circula­
tion and deetroy the. .desim inc~se in 

to perlorma.nce and on tb(lother .hand many 
c~o.densatee, fo., e.umple. ~ipi'tatea. oi 
011 and fuel '\"¼l.;Wtth, jorrn nplo1frve Dii:i.:­

turea with liqll1ii o~ygen. The W1v.) 
met~ods of seysration have not been 

Hi fo\l,nd ~ be S1Utable,~ filtering r;ro­
ce~ of .ill ltulds. OCt'uion ~istan-ces of 
too great a ii:l.agnitude and simple, 
,!lightly ~ ,driection' ~f the gas 
stream. J)rovidi,;, lio. absolute security for 

20 e. complelb &ep&Nhc>n A. further diffi-
cult, is prl!Sented m diat the reloova.l of 
the condeneate tnU8' be effe-cte<l without 
iut~rrupting the ope-ration. 

Aceordillt to a further flffltUr$ .of the 
.25 il}'t'enti<>:», thffeiON, i~ pro"'ineq fo the 

circulatio.n a oondens~te ~panfo.r which 
eom,ists of an e~nall; cooled ve--\iSel 
which, if d~. may rotate at high 
Spt'e~ imd ta di~ interior oi ll'"hfoh the 

30 &'lk< s~ i · clire~ to and fro bv 3 

ilyeteni uf ()t)t~ndingl.f spert nred di~ 
arrang-~ il:t t.ie'r3. the individtal platt-, 
bt-ing :fll.S,Pe]lded in an insulnted mann-er 
and ch~~a electrically for aMisti:ug the 

35 sepanitiig action it desi~. 
ln otcer to al~ tb~ ooniposition. of the 

circulating mixtnte, th& oxygen and htel 
supply mu,t be nigwat~. His desirable 
to .-Beet all 11ucli re{l'Ulations not by hanrl. 

40 hue 1n1to,nalic-.lly. The i:uTtni.io-n pro-
_po~~.s, therefo~ to effect the o.xygen a.nil 
fuel .s-qp~1y i. n Jepeodence. n.pon the- .state 
<lf the .ept.s.~t gas (lempentm-e, eompMi­
tioc. l)~Urtl), , e.g., l>,f tnta:nt. of a 

45 thermo ele~.nt which eo11:(ioa ilu> inilo,w. 
iu1,t 4trantities hy way · <n an electro­
magnet, the control being indepe111lent of 
ih,, n~hu·~ of lhi> coolin~ ~..-cted hy tl1e 
ox, •"en. 

50 the in~~ntion is illustrnled by way 
ol t-:<:arople i11 lht> -u(Tomp:iuyiJlg druw­
i111t,-, in vhicli : 

Fig. 1 ~bow~ 5<J}1t'ru~t i~'tlH_r \hi, PU fl lllt! 
nnd 1th.et' i;ompont•ntei rn the .-J:1tem. 

55 J?i(t. 2 ~hows the cooler for tbe exb.at1at 
E!'!b on a 1arger scale, . . 

Fill'. 3 shov.·a th>- roota1nei- for I be 
li,p.ii,l oxyizeo. in partial secrion and <>D 
a larger ~"11le. . 

60 F~ -i j3 o sJ>diQ4 throuµh a conJ1msale 
"""Jk'na,tor, . ,, . -~ 

F'if?s. 5 1md 6 dio'f Ylews l)f moditted 
eon"-tnictions of tbe ~nrtetillate separator. 
· Fi.g. 1 l\h<>W➔ n;e in:lusion .of i'.hP 

65 vn.porisation vessel of Fig. S nnd th1;; 

.s,ej)aru.tur o i Fig. 4 l n t ht• I' ~-"*'-'Ill oC 
Ftg. 1. . 

In l<~.iga. l and :!, I i~ thi, cyliuJu. or 
OH of th& <·ylinJ;,ri-i, of tht' t'D~iu.-, t\~ :l.! 
puton of wbich Jnvr:i ihe cranl. aha!t 21. · i1D'1 
The i:ul~t 10 and the 1lXha.ust 2 a.re rou­
Aeet.a to thct) oombu.tion •Pa«'tl 16 ut the 
oylixi.der l. Th.- eiliu,t <·ou<luit 2 ltads 
to ~ &af•y ,·HM>l 3 which. fo.r .r~u• of 
$&{efy, ha:J n looi.e or ruonhll" ro\'et 4, 75 
whic.h, in the eveut of an e~fll<.Mtou, CllJl 
yi~lJ upwardly. Tb., contain"r ;J 1~ tillPd 
with chetiiicala 6 for II b,orbing those 
detrimental compuMnt11 of th.,. l'fllnhut-
tiou goaes 'fl"hieh an, to he retu.o\"l'<l tront 80 
the c-ireulatfon. 'l'hroul(h the pipe- fi tbtt 
exhaut Rase$ pa11.~ lntC> th,, \·01..1l1-r ; anJ 
frow thence through tl1r <'Outh~it 27 i:nt-0 
a <·humber S. ll"hi<'h is auo till..a ~Wt 
ehemic~l~. und tht'n<·e ini<i a r,rt'>l6Ure tJ$ 
equali'!a!ion wi-'ld .i; pro,idrcl with a 
psomet<'r l>':ll l:I. From thf'n,.~ 1h_. 1en,w., 
ar..- {litl'Cii'd 'through the piµ.,. IO an,l the 
carburt>ttor 11 into tht> rorubustiun th~m-
~r l~- '11bt' lioa, bousinsr :-l!l of tb1? re,- 00 
but1ett-0r 1 f ii. e<mneet~ 11r1th the i-onduil 
10 l,., \l·ar of a cooJuit 48. TJ1e pre$5Ure 
ec.1ual~ntion vr••'>f'l .i; is ronnet,lf'd h, ,.,.a, 
of a t.-Onthut I G 'll'ttb a '"'flllr.aw ~ti~ 11to;. 
ap ,.-eissel l i, the foteri9r of whic·h i11 ~ 
oonucted hy wuy of th& pu111p 18 'lt'tth 
the conduit •16 ·which !~ads t.o b.·n~th tht 
guomelm- iwll 9 of tha pn•;;!l"u~• ~,u1\li~11-
tiou v86sel 47. An ox::r:ten ,-111111) NHi-
1-int>r 1:1 i, arrnn,l!'P.{I abtWi) th .. rvlindPr 1 too 
of the <-ugin+ or .it anv other· aui111bl• 
~iiion. On ihf> lia~ uf lht' (;Olllaintr l~ 
within the liquid u mounted a motnr­
dril't'n pump l'.: which innurlur,•, th .. 
liquid ol:yµ£1n iur-0 tJu. r111nhu:;ti1m rhom- i~ 
hu throu~h :1 r<wduit 1-1. In thP exl1a11,-t 
pipe :? is pro\· ide{l a 11:'mpPrature lltu~i-
t~ve ~~i,.t.aat.- ~r whi1:b l<J_ <·onnecte,I in 
circuit bv a c.Qntlu~t.ci.r 2;} w1t\1 an elrc:1ro­
magnet 2-l and o hnttery 2,5. n .. arma- UO 
ture :?G llf thr nw~net 24 iR t•onne<'lt'd with 
tht' nrt>dJ,.. uf I bP ,·arhurellor l l. 

The surfoct> t·ooler i (J,'i~. 2) j,, pro­
vi<k•d " i th a tlap :.W whid1 can be rara!frl 
lt>ng1hwi,e ft~J(•Ut a shaft 19 1u1tl. in H5 
normal n,udilion><. is ht>IJ i'lo;.e,l bv 
n1ra11s 11f ·pring- prpi-surr. hut in thi' ra•:e 
of ah t'.\p{o.,iou <';1 11 IIJll'U ilJnlill'-l tbl' 
ac.:tiou 1.1f tit .. ~prin!l s11.t lhe f)N'•suitt of 
IL.- omer air pna.~ing over it. iOO 

The mode of vpera1 ion of the nwtor i~ 
os folfows: 

Th1> neutral flll•, ,u1•h n~ uitro~u. cntl• 
s1ihllt>i a r·har i-t+> in th.. NHl«uilg tlnd 
c.hambl'r~ l to 11. iJn<l th.- combnstfon i25 
taJHH·t1 1:,. H now th~ mofor is iwt in 
mnti-011 hy starting- rnf'tln11. then. by UH'an~ 
o! thf' pum'p 12. m<>l't' nnil moro oxv~e·11 
~ injt't'tt><l to the t'1?l't1lutin1r nit~g,m. 

130 ID1e.n tlw ,le;,irrrl pucrolnl?!' ('011ti>nt 11f 
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uxyg-en is attained, the fuel apert.ur~ oi 
the, t•arburettor is optl.lled and the motor 
cou1mt:11l.'e:1 to operare in the nonnal •as­
Aftn au explosion has occurr&d • 11ew 

E; qu.uotulJj ol os.nreu is injectM, whereb,Y 
tlw temperau1rn o[ the exhaus~ gas lJ! 
!owered uu,l ito Yolume is red-uced. Tht\ 
exlwutt g.'"' 1,, now directed th.rou~h the 
e1.hau;it ptpe :! 10 the ,,afetv ves,;eJ d filled 

to wid:i the cbrn,it'als [i where <letrimelllal 
comhu,,tion re:.1due~ such tu carbon­
mouo.xi.do a nd t·nrhun-diu:s: ide, for 
example. :,re ahsorued . It ii, adv.an­
t.ait('•H l:i to eu1plo~ chemical,,, similar to 

15 thu,,,• t•u.,tc,1t1an ir, ,rnbn~,rine t raft in 
whid1 ,,.). ,\~,·n ·i,- rel.,ai,ed correspun,1!111.' 
to 1110 1:1l,"1rf,c•d r·:1rl><1n-d111xith·. If nt>• (>:,­

,,a, , . :i,kal1 h l'" ,·,,n .1I- , In• lht•,l ~au,;­
f.11-i\ll i :;, h ,1-" ptt•<·i1iilt1lil1\! ddriHwntul 

20 w_. ,, .. ;.:,,,,•~- l f h,\ .!:.,;c,•u 1 u('l., arv hun,1 
i.u.- l<•d.\ Il l ,·,t:l,,,11 lu..J•. : iw11 , l!; au 
uriulog .. u, manu,•r. hs-sr,1~·111•1l• d,~•u,i,-al, 
&.r,• n w,i for ah,.11rbt11!.,'" 11,,. ,1at,•r or tl11• 
w :it,•f t , ,t'lmn,•d Ii, w.uer .. rparnt01,t m11l 

25 i11 <ln,•r1,,,l t-O l~H' 1·o()liuc- walt•r l'in•11l;,. 
tit,n or i"' t1,,•tl for otht>r purpuS\'3. ,r l11·11 
emplo1 ia!.,'" :de11!inl a,, l 11el. it i'i mh-is:.d,l1-, 
by aJ,lin~ aikuli1•, <•t iu JU\ other wav , 
1.:. 11,· utrulr,e lilt> ,wet1,• :wi,I which, in 

go Notn,, , 1reum,-,tam·e-... wn_\ be pro<lm•ed. 
'I'!.,•/ on_t,.n,:"~ :J in whir~ tbi:< pr0<·(•,,. i~ 
.. n ., « d I• llll'f,·rahlv prm 1de<l w1ib t-xk11-
1:1il,l,· w:11!~ d.,,,.-~ roYPr an,! thf' like) '¼ 

!11:11 t>,:pln,ion, iu ihe exh:tnst pipl' NU1 
:f5 h(' t:ikcn 11p \,ithout detritul'nl. F nr thi> 

purp1,ae oi coolin_1t and n·,luciion in 
-volunw ·ht- ;:-ai. which is purified and 
eori,-ht:,I with oxygen i,, ,lirerted to th,. 
ooolrr 7, "hid1. for use in hi:zh a!t irn,lt-

40 aircratr. i, pr, tt•rahly ,li-p11:ir1l wilhiu th,. 
win7~ ond :donJ! tlir• lf':111 i UJ.! t>cl:r,•, 
thf>rML H may it..:plf <' (•n,-tihlli, a part 
ol I h<' winu. fl.\· lbt> c•nlJ ou!er air p~-~­
in~ nvn !11.- "ing~ an l"fft:'l·tiYe rnolm)l 

~ of !hr, t!U• i~ ut!aint>.d w)wrea~ the lath•r 
in 1111 n dir,•1 ~ a \\ arm.in~ of tht> wil1~{ 

whirh j,. clt':,irnbJ.., al hirh altitui!P:i in 
VltrlY 11 ! l h<> rlnnµ,o>r of if,., ,J,.po!'i I iou. It 
is a1h·i.-ni1!1>. for nn«on~ of snf.,t:r. in pr()-

lib vid,, thi, ,11d:w1> Moler with a ki11d l)f 

exv:n1,i11n nnan~ .. nwnt fnr rr-!1>11~i1w 
s1nl.J,•11 n rP•~\Jrt' i:naea.ses without invQlY­
ini,t ,hn~••r. 

"' A ft, r ,•,m1pl.-t.- «•o<tlint!. the ~:i.., mi:..­
tlt!i tur .. i, ,I i'r(lt>f<',l in tht' container ~. thr 

ehPm1,·al~ (\•.g hnriuru o:x-idi>) of whfrh 
hsn> 1h•• funrtinn nf 11 ' ' c·h•·mi•·:il 
ac,·11rn11l:w,r." i.e .. iihould th" g-:is paa.~­
ini:t 1hrni1;:-h their1 h,, too 1slro11d.r 

lo emfrh1•,~ witb o-:i:~"lti'n. they iwc11ru(> 
o-xj,li~f'd :ind withdraw oxv~en therefrom 
and \ il•l,1 thr oxygen which is onl~· l-00,•el;r 
bounrl :i~ "000 :I& the o :CWE'O content 0<f 

~ the l!'a, p,H.,i11g throug-b them lh~1s. This 
~ arrangrment hni. the 'purpo~e of oolanc-

ing- out, t<> ,. lim.ittd extent, irnguhu-ities 
in ,ho iuj~dio.n oJ oxygen. The ~, 
whi¢h in t.hit "1/a.y bu beon nor.mall~, 
as 1! .-ue. ~ow 11.ow• irio aa Mr ®a,mi'iet 
41, in which a 6up.()!y o:f gas a oolltd~ '1() 
t-0., eq~ismg pr8$W-t., and •o.lu~e-. 
Even at co.1U11:l.nt t~m~, t}uj p,s 
.. upply rl~ oot ren1ain CODdl.,.nt, but- llJ 
,educed due lo the oonduit lo!.Se.$1 par­
til·uh.u-)y 11:w af the plJiton. ia:z.ul due to '1f> 
part.W corubustion or fhe ~ muture, 
1.d1crea.s. On the ot'her hand, Jt U inereaaed 
<lue to the corubu,;i.ion product• wmcli are 
c<.ont rnuour.tl.r ari11i.ug. In thi> I.Ate~ case, 
th., 1,raso1nel.er hell 9 rise3 to such a.n 80 
1•s.t1-nt iltat gn~ 1·an escope from henooth 
th luwer 1:ilgt>. Thi~ gas is collected and 
!•d to th(' ~pa.rat, :1111?-ply oonWne.r lt 
i 0 

, .. t'<}lb o! 1h,, .. ,mtluit J.e. Al~. th& 
:.t-t~- <'~••:,[!ini.: 11110 dw ho1Uing <>f the a:; 
11101111 Jua,r h~ ,,uitabl!! t·Oihtruttfon of th(; 
inttt•r L& .Jruwn oil anr] ferl into this Mn-
;ui11 .. r_ If, fo r an, ,rOOeOM the supplv 
,,f ~.l.:- or the pre55ure in tb& ..-onduit fall;, 
ti11•11 !or e'tarupl.- by me-ans cf ll ptt!l~llf(' 90 
m,•t11brnnf kuowu per 5a th& electrio con-
i.:c1 1,i tht.- teed pump lS is t:fo~ or a 
t'\/11\luit is ••J)<'nN.l. i<o th.at ga& Row. frotn 
t !it• ''!I1ply 1:01Jtn-i_11er in!-0 the gasomeler 
i....nd tnio 11w ctrculnhon, The tota) 9f, 
q u:mtmn of i;:i• uoll" flows ~ the oar. 
hurt>\l<lr 11, Yapori,,es tht> fut! emer~ing 
10 kno\"\ n maimer irom the jets and paAAes 
into tht' 1nr,tor. where th& cycle re-
conimeuees. iOO 

The carb11rettor l~ i;ubi:.1&ntialiv or 
1m1 nrnl rnni,truc{wn. except th~l tb.e­
interior of the BOBt houAing 29 ~ oon­
n .. •,:tt>d wi1 h the interior of tbf' gns con-
,l ui1 llJ by 111.-.ani, of the eondui"t 48 iD :f05 
n~der that no nriation 111 the fuel levt>I 
oceur;; on Eluc·tu:itin1t pressure in thl' gas 
t'nnduir. 
. The injec1io11 of mistures eont~ning 

l1<pJtd ox.v;ren M <'-Old fueJ ii$ hest 1>ffeeted HO 
b.\ u~i'a~s oi J?l!>ttm p~lD.llfS lrnown J)('r ee. 
hut 11 1,, <le,u.r,{ble. in or.dt,r to a-void 
vnpori,atio•1 of the liquids in tbe exposed 
pip~ \i:a1!ing to and irotl} th.e pumps, that. 
thi> l1(1u1ds n.rt' e,lt1rE>d in fosn1atetl Ml!.• HIS 
laiuf'r,i :mrl that tht' pw;nps are diapoeed 
wi1h;n tfh• li.quirl prdt>rabh- on thl? 
l)olto111 of the <'oot11iner, as .ibo-wn in Fig. 
l. A,, shown by e:t])erit,ntf'. th.i.s ii; alS{l 
tl111 c,nly pu,,ibility of ~·roidin,g ,tre66eM i20 
in 111" rnatt>rial of tbt' pump in pumpinir 
vt',ry !'old media. • 

rr, for 1':tllnlJlle. '1 pump is tised for th~ 
foe[ nn,l ,1 pump for !he o~ygen, then. 
in vii>W of thl' niffereni q,1antities of i25 
liqui,1 whirh. have to be conveHd, tht 
tltamPll'n; of Hie Tl"t?d pnmps arr cb.oson of 
iti!it>rt>nt !>i,rn. the srie Pds of o~-raiion 
?ein~ uonna[(,· Pqual. Jiowever. by ·,.a1:v-
ln!? t11~ sp.eed.s the composition. of the t30 



llH~tUl't' c,1u b<' uh,•re,L TJ1., ,-an,e t'ftt>..-i rw11"d a ,lw i;,;111~1·, ~<• thu, tlu• 411t,,nl1ti1•, 
~lll. lw attai1,.,.d l,5 111;)1..inl! tL~ ,11okP ,,1 ot lt't' lutn1c•<1 , . ,11 l ,, , r .. u.., .. ,,I l14•lll tb• 
the- pi~t(>O-i .1J ju,,rnblt-. It i,; o.l,i,o pos- ,,.pori~er 11,'--t>! whirh , .1, a prr,,01,· 
hihle to >:t11µlQ) u 1rnutp und a t·,1rl11ircU,ir lf'h 1h,lu 1,nn .. 1,pJ,,-ri,· }'lT~,1111· iln°11~h 11 

rs oud to ,·ary th,, 1•r,h::. 1,1•lt!1,u u1 the jttl trap anang,•ni,•n ' Th•· n·,• ,,. n 1t1• 10 
ot the rarhurettor 1u r,110,1 n u,auner l),· vn1i,•mh 11,H·Jn• ,•,i 11.i,1 tb,, irnp 1•htuul,t-r 
m<1Ytlll{ n 1wt>t1fo to irnJ fr., · h, ni,,an,_ A a th,·,L:-,·r afl .IIH.!'t'IIH'lH rrr ft 
)1 i~ de~in1hlt> 10 t>lr,•c·t oil such :tdju,t• tihu1g-- n,h . 

mi-ni- l•"t t1HU1u,dl., . hut untou,"rfrull'.\ lt h::h l,,·,•n found tlrnt th.; <'Xhllui,I ;:n, 
10 b~- 111akin~ the, nurm.11 p,,,n.u,n o i tit<' lt!i4 h> !w hl11wn m t,, th• o:, \ :.:,.n IM thl' 75 

Tt>gulati1,µ- lllt!,UI• ,t,,p,•1.1,!t'm t1pnu ., 11h•1 •,.- llll'niinn, ,1 1,1irpn~!' tltrni1d1 !I laruP 
11urm111 ,·(m1htio11 ut th,· motni. I••' 1\1:tuher .. 1 ,1•1 tin,• ap••Tl1H,·, 111 1102.d~~ 
,•i;ampl(', ih si,,·l',i ol rn,it!i<>ll. di,po,,<l .1 lu1.1!.: ,L., lt>~l\.!'li• ,t ,l n•n11,i11 .. r. 
11, lt't :p, l'.H1J1t'. 111.., i"' , ,11ru Qf tiu• !•Ul that tu ,:<m""'"tll•·nn• d tt!ll 11lt11•, ra1t•t'1! 

15 t>.:d,:111,-1. ,wt! ,,, 111i. 11! [ 1::. 1. ,ud, ui, hy tl,·pw,it iou l'l 11·1· ,1 t1• itu r.•1.1-.•d tlwn•ln. SO 
t,i r:rn..:,•rnl'bt i, ,1111\,11 iu ,, hi.-t.1 th,, ll'lll• .F,,r tht• Jt!;1s 11u, 1b .. \· ,·,sd in wh1,·h th.-
p<rnl\1r,, ot th,• l•:1.l1:i11,t ~.,, 1,!1,•1•1,, ii,., :.."U• i;; i1.t1.,d un•il i,; prnvM1•rl t,·11h 6n 

r,•,1, ,,n1 t' "?.! j11dud,·.J 11 tin· .. :-.lta1hl Jill••· .. x,·," JH••••II•' ,,, \,-•. ,d1id1 uu1orn111i,·nlh· 
2 ,u,-! , in 11un. couh,,I, :hi•, lt•1·tr1,u1a:,1«•1 •·P•·:i-.. -iu,1i11l ,1 .. , nnzzJ, • ., !""'<•Ill•· 1,1, .. -~,.,l 

20 :.'l t) "'a:, ,r :h,•11•1"iu,· ,r ..::J. ~ .. 1iriug. \\ith 11'.I' "' •l,.11 tit• !l<•~1\,., ;rfo ,\ .ettii.•,1 ~ 
nnc ~howr. 11 lit,, Jat,n,,r <>1 lb,. t'•l!l :!4 ,hi .. In th., n:i"lll!! ,<,H ,·wr,•;\I .111,l 1hu, 
t ,•11,I, !1, ,1,!• tJ,., .1n1w1urc• 21j upw,,rd" 11111 ,i~11,1,iii,,,, "1 , ,. u\t>h't•Ull-. 

aud ro ,·l,1 th,, !lP•i noz:·I{' I\ ll!OO!I• •ll I· 11rthl'r. i i i,- IH"'•'"-.J'rY h) <'IHl•h Uri 11 
tb,· ,,uie..,.I ,•u,! .,nd dk !l1:,g,1.;;'tw !idrl 11t ~jw1·io1i l• rill of,, ul,· ,1 l;ieh r.11--, ;p :-UH!U 

:!5 th.- rod '.!:i I J•t>l~llt',; tl)taim-1 t\u,. r!1(• h po--1hl • .1 , wra, ,. 1•,c;m~Nl ttt rhl' "x,~ go 
.. ,t~l ut t in,- •·oil. l,0,1 .. \'d, b •li!p.:n,icul l,:"n. b111 ,t, iori,rt> •• -arL,t·t• ""' po,,.ihlt 
uyon th.• u:.agutt,1<lc 01 th,· .:lenri1· cur- wid,in tlw 1·,--,,,·1, 1.1•., u, tl,,, 1hrl""tfo11 in 
tt-'.lt whid1 ;~ 1h,tern11u~<l ~uh:.stantially h7-· wh :ch h.-cd 1~ supplit>d. Pi ,,f,•ruhh. 
the 1:.:.:i::1ntude 01 tLe re.:,i_s1auc1: ~2. If &ud, n nonh• hu-, a 1·,•m~1l ,ham• and tbi• 

30 , hi- rt•si .. taure alter\\. !or {Ox.ample eo:nit:a.l nonle i di,pnsf',l wit!; th~ ap.-r• 95 
u,,••.,u~e~ with te1up,•r-.1ttm1, 1hen the cur- tured point to~11rd3 th,• o\Y$!'t'tl nnd with 
r1•ti1 11"', rca•,·-.. aut! t he i5pring cil.n move th~ !;road ha~1• aga in -I th,• wnll •if 1h1• 
t h.-. 1 or'-' oi 1ht' wagnet a cert.ain distan<·e N>ntainer whid1 is ~t>paratelv heah,J. 
up,qudly. When the hi1d1est permi;;sibl.e Th~ walls of th,, cnu1111uPr 1r•• pr.-!t•robl)• 

35 h•ULper:itur,' 11 i 1be .-~hau,t g3.s i;; attained booted by m .. ani; of n hmh••r e1111t., i1wr 100 
the,re i~ u l•Hnplt'te throttling of th~ fuel. which is :utaehl'<l therin,1 and dm,ui::h 
I 1.1 a ,imifar was. prei;sure jfo,·tuation1> i.n which. preferably th!' h,,t exbau•t ;.{,ts j, 
th,1 t·u.r;,luit ean bo utilised for conlrol- ilirected. For the lHH'}•fl,\' of rnki1q.! 11p 

ling th,... jet, while the quaDtilie.i for- mort1 b~at th._- uoxzl,,,.. tuu\ ht- t'11111pp,..,l 
.ftO wn1detl b:, tbe pumps <'!ill he altered in 0. wit}) ribs wbidi JIMJc'C'l wto the h .. 1,tin t u~ 

,-,iroilar lua.nue.r. ,\lw for e:i.atnple the con1~in~r. In a dit iou. thlJ> noule~ oon 
-v1n:a!1on, 1u die ch,-1ui1·,il i:ompo,1ti,)U of 1,,-. n i n,c-tly hea1f·1l. F<lr thi~ purpo:.e, 
th,• ,:a:; • ai. J.,. .:.:,\.al,li~bel1 in muon.er Pitlu•r e]pdne h<.'uting b(,dies of any ,mit-
l.:u, I ,•r ,, ],,· 1.i, .,r.~ ut ..,x_hau ... T g,.-,- ablr ki11d I\~ u,,,,1 or tlae b nt•ule i t~H 

,-, ;.t•1 ,i_, ,. " ,111J ,-an !,,. utili,c-,l tu re1;Ulalr i-.. u,Pd ~H hri<li:e 11wmbi't jn a resi~tatl1'6 ilO 
th,, i1utup-, or r•arhurt>ilD1'. hP.a1inv arrangeme~t. 1'h~ heating can 

l, d.--ir .. <1 tht' '"''"' 1:11 ,·<.'r 4 coul1l be al,o h~ effech1d h_y me1rn11 of heating wires 
provi,lrAi (•U th~ cooler j or on tbe ron- whirh art> either passed nhout tli& noules 
tamer 8, it bt'iug only neceiaar:r thf>t it or are d i:r-eded th1-ough tho apertures of 

(,() be provided at :;ome poiut in the cycle. tbe nonlll6 thei;nselves. 115 
- ..c\..s initially mentioned. the ooolin~ of A preferred construction o! the o:rysen 
i.he e-xhauct gas o.r of the gas which i~ container ia shown in :Pig. 3 of the 
aguin utili1;ed if the whole o! the exhaust drawings. 
~:; is not returned to the cylinder cnn be The 01ygen container 13 of Fig. 1 ia 

55 effected in a niry efficient manner by consi.ructed as a double-walled ~uum i20 
brini-ing it into di.net eonta.ct with the vapori;µ\tfon vesat"J. Within this 'V~ssel 
µqu,d 9:s.ygen b.y blowing it into the is e. container 31. which is connected to 
latter. In thi.a way, it is pOffiiible to COi.)} tn~ exhamd of th& machine by means of 
the exhaut ps 1o aueh an eo.x~t that the pipe 30. In the container 31 are pro-

60 untnU1tfld admixtures sue~ u C4ll'bon- vi<led a nutnbe'r of noules 33. the aper- !l2t, 
dioxide and -wafer n_pour can he trap'Pf)d tures of which extend su,gula.rly !!£1 that 
by ~ng tlu.m1. a.nd tbus excludoo from th(' exhaust p&ee J>MS into tbe con& 
th♦ circulittion. PrefeNtbly, the 8ame th.rollflh t.h.e lateral part of the aperture 
v~ jJ u,ed for 1YAJ>Ori.Gill8 the liquid and emerge tbrough the point ot the cone 

130 «i ~ ana for freemig tlle Qbo...-e men- into the o:tygen. A further container 32 



h~ t<, the rontainer SI and is oon­
with thi' ~xbau!t pip& by meana -0f 

• pir~ :1.t 0,1 th~ bottom of thtt conical 
\UNJlt-s n re 1>r.;vi(loo ribs 35 wbich J)rt>: 

: ·~ jeet ititu I hi- ,•ontaiu<i:r 32 for tM:r&Uillg 
tho •1unntiry of heat absorood. l!:t5t.aad 
<tf rh.-. two l'r,ntnint.r'~ 31. 32, it 'lfould 
•lS-O ~ p1N,ihle to use, i.n ~ correap<!n.ding 
1'Vlt,. a conb11nPr with a 1>artiti..on. 

iO Tilt• ,•mh0tlinwut <}f t!i.- oxy~n oon• 
taiu~r 13 t11 1iw ~p•tem <)f I<'ig. 1 i~ sb(twn 
in 1''hr, 7 and 1h" dOll'OO cycln procesa 
th .. n opt'rtl tt!'- u, foH,,ws : 

Antr 1·•l111bu~tion Th~ wQate, gaAe:! ur" 
ff, pa!la?d h_1 wu.\ of tlut omlet pipe 2,, 

tbf(itt;.th th•· rl111ti11it 3(1 to tlw l'<,nluint>t 
U. thtl,H'-{h tfw uoz.tlei< ;J:l. throu~h thr 
faiuid Olt\ltell und ll:'h.'"e t ht' vt>s,rl 
1brouizli t lw Nln(hiit :-,t ,~hit•h ,!i-.eh,1rµ-,•, 

00 m\o tlw roudu.il '1,b. 'l'ht' g'U'l. tbt-11 rs,w, 
rrou1 thi> t'<'llthiit 21, to ll .crop.1rolor =38. lo 
lx- Jegrril,eil. t10,I ufter ,ep11rri1ioo of tlu• 
liiruid t,r ..i>lid f-.Ontf Pn•ate~ pn• .. ent in th,-. 
g-ac~-. lt<ave,- tlw ,-eporntor l1y way of ,\ 

ts e-0nduit ;1$, from whi<'h it pa..;~e.• to th" 
... ~, a. lUl'NHly refend lo. by way ('\ 
the l'Onduii 52. T11e ,;epantor ao is Nln­
;;troetetl t<.i hi- r<Jll.itnhle &no can he drtYf'n 
thr1'u2;h toodttc.d wheels 6;1_ ft.t, th£> t-on-

30 dui, 52 hosio~ au i>ulAt'1,.l"P•l po.rtfon 
embructni a,- .Jto-w.n the portion of tht> 
~pa rat or r.-m~iu ill~ !>ta tiouor" and the 
pip,• :~ Yutatin1,t with the ,,•partitoT. suit­
abl .. rol\nl'Cting tnNtn:; for lhf' pn~A'I' (); 

w tht' gM ht>ing pr .. vid~d. Fiom the \'t>••el 
:1 1h .. 11,i•.turt' of !,;11~e/1n,. -OXY~n nm! 
pu1•1i1,•d exliuu~t p-a, lho>o tl'fl~t'r:;es tb.e 
rht of th,, -.,·.,tt-m untl ,•utn'I the <1Yli11dE-r 
after injE>t:ti',m wn b fuel liy way' of the 

40 pip,• 10, 
,\ n,u<luii J! al,;o --hown in Fig. ;J 

br:mrbM from thtt <'onduil '11,. but. lww­
&'Vl"r, ~ u~ually cl◄ 1l'-l'd b)• the (':tt't!'lt'I pT(".­

i<lll'\' ,·alv,. fi(l. 'fhe val..-~ 50 only ope11• 
U> wlu•n ihe n-oi:ile,, :\9 lhrl'O!lle fr.>Zeu on 

m:eQtUlt of the t'l:<'68S pn>l'lJ.tlte tlwn ari>­
iag und tbt> beotl'1J g:it-e:, p:I"~ into rhP 
rontainer 32 until tbe nonle, art' dt>nrPd 
by a h<>otio~ of the ribs !35. 

50 · It hu11 bt-~n founrl that thl' p.-rformn.nre 
of a mo1or opPrntinl.(" on the circul11.t ion 
sv5tem NIO tw further itH·real¾'«l -if the 
circul11liug nitrogen cs iwpar:afod etut um! 
repla~d l,y oorre;,ponding quanti tiM of 

M wntPr ~·ap-011r ond i-.arbon~dfo-xid.- Jl'or 
thi, puTJ)l}se, n p,oTtion ot the combustion 
ga~s itt bfo-wn into the open and tl1.­
fr~ii~ 1n ~tte-!lputidh:t#tly ~luced i-o th*t. 
in fhh war. t~ ni:trorren ronhmt i~ 

$} redurt>d st~p·, h,_,- sf~p. 'l'hen on e-nr h ~u li­
seq™'nt c.w}fl. onh• the t':l'.('t!JS~ -watn 
vapour or <"1u·ho11~diori'1~ adlieil. in enrl, 
workin~ "troke · i11 Tt"fllO'Ved frO'lll th!' 
system. 

~ Fn.rthtr. tt.." mentionl'd initially, the 

considerable ooolinJr of the exh.autt ga.'!J 
in the inwnal eomliuation engin• opent­
ing on the ci.rettlation eytttm. make. it 
neoeSUJ;r to a-hot Ttry cu.-fnl ut.raew:m 
ct the eant.lenmsie which i, r.ontaiD.eJ. i~ 70 
lar~ quanlit.1 in t}l~ es.halllt gu. 
Th♦ methods 4f sep&.rati6n hithuto u.atd 

hrtv-0 ~ fuund t<i be ill&d~u&te beea:u.ie 
tUtration proco~ ol all kin~ ooaaion 
t<'.flllbtnee!' of t0<-, ,great a magnitude and 'TI> 
simple tief.!e<:lioo of th.a _ga11 !lttam aloug 
irentle, curvl'S afford$ no ahtolat.. r.ecuri-ty 
for "- complete aeparation. .A fun.her 
difficulty is inTolved in th.at the ope~tioll 
mu.st he continuous jj(I tf1at the removal of 80 
foe t'"Ondc11i-11te bai1 to b,~ ,.ffeeted -ridiout 
in11.,n·uu11 1~ tfo, op .. rat i,lll. 

'rh\1 iovt-ntinlJ iv1,U!1 th~ rli•rulvunuii;tN 
esf 1 b.e kncm-n tni'thoclii of -..epararion lb 
111,,i,1i-. uf c. ,·on.ieu,n 1uT.an1?1>n11mt ,rbfob St> 
prt<fl-'n,hlv uperates on a ~lled altw>­
nute ,\'':rft'JO "hich i" included in th& qir-
' uh1ti~n ut a :<uiwhle point and oon11i!Jt$ 
<'"---f•ntiulh of n <'Ontain!fr which ia etter­
nall~· e<>,;led alltl if n~,y rota.™1 at 00 
hi!.!h 'P""'L iu rh" int~tio-r -0f which the 
:i-(a- ,-tn-am 1- ,JiTe('t&d to and fro hY~u 
of n w,-tero of ,·orrrs1\0nd.inl(ly perlbr.lted 
di~,. fUT~llf:rt>d in tien1, an insulated· tu~ 
perision and E>1ectnc ehiarging of the 9lS 
1ndh-idua! phite, Ming proviJed if Jesired 
for: n~'-is1iul-" 1hE1 ;;.-p1u1l.lin.1,! action, To 
for-ilirn1e thf' ~i11che.r~ o! the condt1n11&ie, 
the •lis!'s of 1be ~narator lll6v ~1opt! down• 
\\"'a.rdh- •iutu-unll~ from the eentn. Thf 100 
" allernarn " op~ration is eireeted in sueh. 
u WI\~ that tbr l!l'l!Uter part of th{! erlm~t 
g'IIS.-& is fif'lrl diref•too' through th~ separa-
tor and wh<.'n tht> Jatte-r has l,.,.en nllr.d n 
detln.it.-. amount with solid conden'lat~ u 106 
then 1lirooti>,J tbrougb a ~i'rond ~para-tor. 
Shnultan,..,llll~ly a 1:.<roall part o! the 
t'SrtUtt'lt /.!ll!.l"'S i~ siassoo throu~h the.filled 
1·oniainer !'Q 11~ tn oouveyt· tlie solid coo­
df'n,att> into tht1 liqmd form when it c&.11 110 
rhrn l,,- run out of the Sl'N\l'atOl'. The 
rnrnll p')rlion C1i the e~u11t gag~ used 
f1Jr lhi~ purposi> i@ not u!ted a~nin and is. 
lo~I- from 1ht> 6VStem. 

In order to ,&,:;sist the p~ipitation the iii) 
walls oi tht> rontainer ar-f' roolMI p.reie-r­
ably b:y !-he u~e ,,r liqnid ita~ or low 
ext,•rnal fempf'raturf'!!. The Uquid oxy-
gen t1sed wi working ml"Oium r-a.11 all!()~ 
us6<1 for the cooling. The t'oolinsr ac:lit:11> 120 
c-::in l,e £urtl1er incrt.>ased in that th~ oon­
tainl'r is c-on,titntetl (l{ a uum~r o( au-per­
impo:1f"<I iudivirlnal chaniben1. in wlli.ch 
lh,• ilefiectinu dist-5 a.re tlispoqed l!O dint n 
lar~ snria~ <'Omes in contart with' the t25 
c~lin~ means. 

Embiodim~nh of the separ-at.or aerord-
incr ti) the urvf'mion ue sho,rn l:1v ,._v 
o-f e:nunple in Pi~. 4--6. Ih Fiz: 4th~ 
oon.~i.ner 36 is provided witli a centrally ~ 



398,367 



398,367 1 

heated. 
8. A ,·up1triSttr -n>Sltel es dai~ ia 

claim i , in whit·h the nozzles tbPmtelTel 
are ~-on,nru.-tt-d ll" Qridg& memben 

· & behfl',•11 two t!ltn·trolll's. 
9 . ~-\ \'apol'i,,n v~l as claimed iA 

claim ti. 111 whit·h t be no;zle11 are conk-al, 
or 1mh,,ta 11ti::illy c11nical, and are disposed 
with thl' nJW\. 1owarils tht> liquid o:s:ygen 

tO and th .- has~ u~ainsl walls at a higher 
tt-mpt'rah 1re. 

JO. .\ v~1)()ti,;11'.f'. v~el a11 c-lu.imed in 
cla.im 9. in whid1 t lw ha$~ stu fnces of the 
nonle,,. an• proyi,h•J with proje1·tions or 

15 rihs for th,- purpo,e of li\;tt!'r absorption 
of heat. 

11. ,\ u in1erual combustion engine u 
cl1.1inw.J in duim -1. in which (b~ ~.:cbtnurt · 
$t>I.~ i, c-oolt•d N i,urh 11t1 l'!Xtent, bv the 

20 liq11i,l o\:~·~rn tlt:lt wJ,tl'J' YaJmnr ~ Uid 
t~arhou-tlio~i,l,• frt't'Zt' 1111 t. 

12. ,\ \':.tp,,ri,(~t vt•--~1•! loT 1m illler nal 
ootnln1,tio1t ,·n~.,u" 11.., daitnt'ci in daim 
11, in whir·h th~ ,·urbon-t!fox.id& it,0- and 

25 a.,1u ... ou,;, fr,· i~ tPmovf',t htt•ehaniC'ttlly pr"'­
ferabl: h, m,·an~ ol a ltwk l\}"litt'lll (cham• 
lnir .,~ ,iem). 

1,1. An inlernu.l combu,tiotr t'n~inl" as 
d,..iuJcJ 111 c·l:l11,t 1. in w11 i••h 1, ·• chemicul 

30 aeeuurnli!tor " is iu,·ludt>d iu tLo 1:iH:ula­
t1-0n lu ?UP.JU~ Ul \1 lud1 f':i,r(>,'( '\Ul\utitie-,­
ot ox_.-;,t'rt ar,· 1emc,n·,l 1\ntl ttn' n i,lJ,.ti 11p 
h1 li1t• • i r,·,ilatn:.! Yolunie oi gu,._ \\ht•n 
tlwtt> 1" a ,lrrir ii'!H'., ,,i nxy:.r,•n. 

35 U. An u1h•ru.t! rtlu1b1t,tion 1>nghJ.t- as 
ehum,•11 i11 daiw I. ir, wl1i r l1 for urnin­
tailling tho pre~i.ur~ ~u;J ,.,,i.umc• nf ilw 
circ\1l,1tfo~ 1-{:l• ('ou ~t.u1t ,i ll t"ttUtili;.,divn 
n•,wl to whh1h :i ,wp;,u-a1£" ,·onruiuer is 

io cor. ll"l'ft,il h,v n .. •,rns of U ll\ -p:, " 1·111Hl11 j { 
is indud,•4 rn :he , u••1tl.4L•J11, •nid oon­
tniu,-,. t.tkin.t up ,·X<'<-'-,,1·.-,~ qua11titi,,., of 
~u .. "" ,I R'·i..i,li11;:r: 1hl'll.l .:1g11 ,n "'h.-n thl' 
ptt~·ut11 l/! "<jUlll:i,.;.tfon \'t>,,d r.,n ... 

45 Li. An inti'nWl .:mn'bu-,iim t•agiu.- ns 
rluiuw,l i1t c-laim l. iu "hi, h un cxpa11• 
~ion'\£'~, l i in h,ifld .ti the ei,.hi,u~t 1,1•1e 
h•r takt:1 • ,11, impul,t> ,It'·' :c1 cxplo~im:~. 

lu. ~\u iJlh n,al < mL1!-·:,)ll ,-w,i1.tA ,b 

l . l . l ' • h " 50 c. ,tl m •• l!l c: ,n n, I,, 1n .,. hh· t !tt• ex pn•1-
~lhll n•,-el t• eml'l 11 •,l w11'h ilii: p11r1fi.:r 
1JI" •~•ul,.r I)"° t><,th 

1; An i1.ie111.,l ,•.,rn111,t, 11 •'u;::ii .. · :nr 
!u~l1 ,1h.,1rn,!, ,uri r11 1 1 UK d,ume,1111 dai.m 

55 I ii, wl: kh th~ •'nul\"r tor ,h,. ex.h.;1•,t ~­
i~ di,p')•t<l in lhl' \\Ing ot th.,i air,'rnlt 

ll'- An ini,•rn:-il r-Q1tl,1i·,1i. n i!lhtlll~ i.,<. 

rfahv·•l 1u d.iiru L in wi,frh the i.rt• 
'',l(',il'in.;7 t1' ti, .. '('.f;Hll. .. ;,"•' bf .. ,r·op1n_i 

00 1 ttrtn ,1t!)Pt .,r, .. nur,., 1• t'lsllt>1't1·ll l\r.d t,'­
r,t;o,h1,·t>tl into th<' t..ireulntiot .. 

1{} An iu!.-rn.:.il cnu,h11,trnn t•tillill9 ;i,s 
,:luirn~,l in clni111 .l. 11, wh:,·h hv 111lmv­
ini tt1r1··,1 ••,mp~ rif dw Z-;1 ,hr hitrnre1; 

tlfl ct1n11mt of ·lit• i:1ri:·ula1 i111? mixt;, "' 1., 

Nduc.d and is Teplaced by water Yapt'l!lr 
and t:arhon-cliuid& w)uda ;. t,ODt~ 
})l'oduceJ. 

20. An internal combutioa -.i• u 
claimed in claiui l. i,o whidl • coa_,.te ,0 
separator fOl' exeludiq' ti$ coildaat.e 
content iA the e.xh1nm Pl u ~ 
with a eyatem. <>f deiector di.I=- au. to 
which the gill current ia aubjectecl to a 
oomplete teTenal of motioD Oil -.eh 'Ta 
deflection. 

21. A coadenMte aepa.raros tor ill'--1 
combu.tion ea.,ua• u claimed ia claim 
20, in which for the purpoee of •ttaulUljf 
~ centrifugal dect the .contai.Ger aa 80 
.da_pted u, be l'Otatecl. 

2e. A condennt. eeparator u claimed 
in ¢lai.m 21. in which tb• ?$tation of tlM 
containn i11 effected by meau of • tur­
Mue-lik"' anu11:;.-ment agawt wJuch the 8& 
inflowiug ga& impact.. . 

23. A conrlen..ate sepaxator u daimed 
ht dairu 21. in which the rota\ioa of the 
uoutuiuer is ('.ff~te-d by ~ of &ll 

uu,-.tliurr propeller or the lib on th& 90 
er.a ft. 

l4. A ~deni;at~ ~.-p,e.ratoT a~ tla~ 
in claim !?O, in which the wall ol th. 
ron11unet j,; cooled. 

'.U.> • ..\. cnndt>n.o.h.• sep arator as claimed 9!i 
in d;.ii111 :.:-1 in whi..-b. the t:oofo1g of the 
1·01: ttirner co .,ffectNl hy liquid oxyJ'10. 

:.!(i. .A tomlt>nsate !H!>J>a:rator as el.aimed 
in -elairn ':v. iu. tfh1rh for th~ pu~ of 
foci litath1~ 1he <lru..i11ag~ oi th.- cond~.n$ate 100 
1ht> ,letleetinf.! di;;cs a-re i11cli11rd doWD­
wardl}. tlllibr .. ua fa,.hion. 

-.!7 • • \ cuu,1,•n$:He ,;epan\1or as claimed 
iu dt,illl ~o, ill whfoh 1-or I lw purpose of 
... nhtr).!'tUJ.f th,• ;;11rfm:-0 <if 1:-0ntoot with. t h& i~ 
,·nolinz 111•'lllli> thtt <•<.mtniner roll3it-ti: of 
.rnp-t>t imp<r-"'1 imHviduat chaU1bert1 in 
"hi('h iJ,,. ,ldl,•cting dis~·~ l\re nrrnngt>d. 

::-~ .• \ , nnd,m,•at¢' st1puratnr a, claimed 
iu c-hi w :!ii, tu whtd1 t ti,, 1h•fl~tH1l{ l'li&e:J !O 
UJ, 111,111t,:,·,l . m,J ar!' m:11.apt.:,l lo he 
:-bin ~' d .-..-, n t•·all_v for a;;.s1,-hnt: tb..­
~'JJ~lr,1t ing J)tuPt'"'~• 

Z!I. ,\. cnnrlen-ntl.) t1cparatn.r as tlain.te'l 
in ·bi•,1 :!(), in wl11d1 tiw r~UlQ\·ttl <•r thf' U5 
1•,,11w•, :iur,• oi I lie coud,in-i.at~ oht;iiut-,l j,; 
.. ff,. ~;,I j.,v tU\•nu_., of th~ !)r~~"1ir«- oi ,he 
,,a o r tt';t• ri t1i;t11l for<·~. 

:Jll .• \ e nd,·u-<1h, si>p,Qri,tor a .. d:timeil 
1•. dai:.1 :;'0, in whi,·h tlie eon<len~:11 .. 12() 
,-uv•rg .. ,. th1tng-l, an e::r.n•s- pn,.~~urtl vnh-r 
di"J~,..,•,l in tht- w:•ll ol th~ t><mtnine:r. tlv• 
t:~t'•H"' 7;ru\•lll', '"a!n• bPHIR' Q1}~twJ auto­
mut.i<-a,h · I tl,•,.h·, cl 11011,·r the .in!for•l)t'<' 
n, (•llntri · 1.,.u1 lor-·o ur l,,; tl••lih.-raw f25 
1nt1:'"a e ,n l r~,,,!f ,r, !tt ,b., c, i,1 •1in1:r 1£>,v; •• 
h,\' ol,trm::1111;.r :h•• omll,,wini; ~th), 

,H _\ , 1ul .. ni<r1t1• ''"!J'•l'tltor <l!I ..t iim,,t! 
in ,-.J.iiin :!il, i• wl1irh th,, 1,.-ondrr,~Mc 1~ 
rnuve-., .:d t v mi;!ll,S 01 1•u111p... i.30 
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. a. A ®nd.011\4t ~tqr as c1aimed 
m el.i.m 31. in -.hicl" th• d?iYe of the 
~~P. is ef~kd b.1 uinr th_e rebfrve 
~~ h\tw~ the eont&U1er t.ncl 

5 ~l1oaar.,.v ou~r mfllnbers. for examplt>, 
liJ . ro!Jwg a rota\w~ cam o•er a 
atat1onary cam cli11q. 

?;l. ·4n intErnal combustion ftqgine a!I 
clauntld in c~im l. in •~ir'h the oxygen 

JO supply and tne-1 npply u controUe<l in 
~~deli<-"4t URQn the t-ondition of thP 
ex\•U!t Jl1l8 (temperature, oomJ)()llltion. 

pre!lsure), e.g., by TDl'II0 4 of a thrrmo 
elem~ot An<l an eledrnmni:111•1 ,.,.,m,,lltii 
tb .. reli\·. J.6 

34. Th,, 11J(Nn11l 1·,.m1hw,iinn 1>nirine 
!lllO'ltant inlly a~ IP-<cnh,·<1 ,nth rtft>r~1· , 0 

to the 11c·coruvan\tn~ <lrnwina,. 

Date,J thi,; '..~n,I da.\· of ~ ,.,, Mnh"r. I 'Lt~. 
DlCli f.R. POl,(,AK ~ \II Ht EH. 

rharlt>r .. ,l Pnt••nt .\.,•IJJ• 
20 to :_!;J. llulhorn. J,.,,11ion E .l". I. 

.\~ent~ for i}, ... \p11lira1n. 
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COMPLETE SPJWU'ICATlOX 

Improvements in and relating to Internal Combustion Enginee anrl 
Methods of Operating the same. 

I. J.'a1Tz YO:s- OPEL, of 33. Bis1m1n:k­
strasse, Berlin-Churlotten burg. Uernrnnv 
a Of!roum Citiwn. ,lo lwrt!b\' d,•dnrP ti;~ 
naturt) of this invention n;1tl in what 

6 manner. the i-anie is to be p1•rfonn1·,l. hi 
!>ti particularly desc.ribeJ and nscortained 
1n nnJ h? the followinµ- stah•mt>ul :­

'1'111• in,·ention relntes to an inwn 1,il 
com 1,usl ion tllg'1Jll' in whi\·h the ,,,_1ia1t-! 

10 ga ,~•,. nftl'r purifi,·;1t1on. 1•011li1t..: a11tl 
ennrhmrut with OX\')tt'll autl fut>I 111.­

~gain i,rtro<luceil 10· the .-ng-in.-. i.~ .. ,rn 
internal con1bn,.tion ,•ngiru• ,, bil'l1 niu lie 
rPi.rardc1l ui- opt,r111 ·ing with :l 1·iH·uLi1t•1I 

15 JW•dintn: the :invt>ntinJ.l ,11$0 rel:,t,·, 10 tl11' 
rt>q~,i~it':I arr_an;::euienh! for tl!i~ JH! l'JI!"'' 

Ex1~hng mtern;il r<>m hu~t11 ,11 1·11:.: 11u•,­
.are pradicall:,· nll depenclent on the pres­
sure nnd compo,-iti(ln of 1h1• i,1tr1mmJing-

~ air and cannot maintain tbrir pf'rfonn 
au~e with fallini.r 1ne,;!'ure 01· follin!: 
os:;qren eontent of lht> :iii·. In tbi, 1·n11-
nection . it is imumlerial wht>dwr 1111•, 

, operate as two-stroke oT fou 1-,11 ol:'P 
25 1'ngine$ or ns d ie:-t>l t>n~ines or a,; !.;:,, t 111. 

\ bine". Thus, s11rh en~ines ,u-r un~uitahlC' 
.for high altitude air<'raft, 1,arlfrulat'h :it 
sucll altitude., where 1 he prt>ssurr dwp rau 
no longer be compen:sated for by meu11• 

ao oi pre-compressors. • 
})articularlt for the purpo~e of ,lrivinl,1' 

submarin.o craft. it is known 10 .-mplo'I' 
engines operating wilh a c·irndu tl'tl 
medium in which the combustion ituses 

35 are uot blown ou1 into the op"n ·1iut aft.•r 
purification, cooling and TIH,?Pnera 1 ion~" 
again fed to tbe eoirine. Tht> ox,v!!•'" 
which is newly introduced for each com­
bu!ltion in the closed cycle process can 

40 be carried in /.l'aseous or liqnirl form. Jn 
afrrraft. however. the u~e of liq11i1l IIX_\" · 

gen iR abiolutelr essential in ,·i.-w of' 1111' 
weid,t of the confoiniu,i \'es!'rb. L i,p1itl 
o~ygen "an be carried in ven· li~lu h,,nt 

i5r insu1nted containers wherens gaseon~ os_Y-
1 gen must be kept in steel pre$Sun· v~s.~e_l~ 
i undt>r hi~h pre,flurf'. The u:ie of liqu11l 

oxyp-en hos. howev~r. _the drowbork that 
tht.> heat of vaponsahon of 1 lw ox_v~rn 

l5(), mus1 he ,lnivrd from the heat f'Ontent of 
thf' f11C'I. Tb is heat of \·npori~n t iou i:< 
yerr impnrtnnt nnd the ~ffiric_nn of t_h,· 
motor will b1.> ver., · poor .1£ ihls quctntdy 

[ Prif'1 l . ; 

or heut l'llll nut in patl 1 ... u,-,,,1 :1)!1111'1 In 

t II{\ motor. f'>5 
Sow it i~ c•,1stomary tu ,-pray 1h1• l i1p1id 

ox,\·i,ren into lhr cylimlP1 ut 1Ji,. ,•n,! ul tho 
1·01upr1•s,-io11 ,;troko will, th1• ru.,) 1,r ,-nh­
:<••quentl-'· tlll' r,•lo. T lw li,pi i,J <>X,\;?t'II 

wbil'!, h'1, hPPil iujt>1·1,•,I nqwri,,,,. a11d 60 
,•,tn1ct~ ii- h,•al nf \":tfJPri~a I i11u I rn111 I hr 
1·u111pn•--,0 ,I g-a"- wl1i1·h , ,., ,.,.._ a, lt1•at 
1·al'ri1•r. Th,, 1,,uqwl:.!111,• nl th, I!•'' lall-1 
wh1•1,•:1:- 11w 111':tl 1•,1t1ll'lll ,.1 th,· 111i,1ur1• 
11b1ai111•,I n•11111 i11~ 1h1· - :11111•. llwi11~ tn the 65 
Ya pun~a1 iou •., h 1.-11 1.1 k, .. , 1,1:i,,., l h,• J•1t•Q-
:-111t• "i tlu• 111i~t11rl' iu 1111• n·li11d,•1 r i,,,., 
"'' 1h:11 in 1hi~ 111a11 111·r a part ,,f th,· h1't11 
t'llt'l ~.' i;-,, rt►c•o\ ,•t·,,,1 a , pn..,,,11, .- t4lH►r!! .,·. 
Thi,-. lww,,,·.-r. appli,•, only ln ;1 paii of 70 
th,• lwat 1·011,1111wtl ,-iu<'l' tl11· l11•al ul 1lw 
liq1:i,I :111,I 1,, •nr 1h,· h1:.: , , 1',111 ul tlw 
lwat ol ,ap11!i-a1i11n i~ 1 .. ,1 

.1\n·11rili11~ ,,. th,• 111'1••1'!11 i11n•111i .. 11 tlit' 

lwat of 1h1° 1•xl1:1n-1 ~11-,·-. th,• ,•uoli1,:! .. r 75 
whi.-11 ha, hit lwrt.. l1t•1•11 ,•ll\•d .-.1 hv 
"f"'rial an1111µ:,·u11•111,-. i-s ll'•<'d fnr I l;e 
\"ap .. 1i-a1iu11 ,.f l)w ,1,~111•n :111,I l11r tl1i« 
puq111,,•. imn11•iliall-h or u ,ho r \ t imi> 
:illt>r illl' work i11:: ,-1 I ,,l,1•. i Ii,· I itt u id o:,. ~·- 80 
!.I'll i, hru11_.l11 in111 ,li1,·,·1 c·111i1at·t with 
tltt> l1111 ,··dm11-1 ;.rn~<'.•. 

'l'h1· nmli11µ- ar·tieon if~l'lt ,·nu 1,.. l'il •·1•! c•1l 
in d11' 1nu ... 1 ,li,· .. r ... p \\· :•~~. tor i11,1.,11t·«~ . 
h~ ,p1•1., in:,: U1.- liqui•I o~,·~•~u iu1 1 > th,, 85 
ro11il111,tiou r·h:im llPr ,,r h, h1i1tl!ill!! the 
rxhuu,.t ga,-e,; iut11 ilin••·I ,·0111:ll't w11h t l1t> 
o:--._,·gt·n by bl11wi11~ tltl' J.W"'•'" tlwn•­
thronuh . Par1i,·11l11rh· iu tlw l;1 tt1•r c•;i,;1: 

i1 i- po~,il, i,•. !,,\ int,•1i'sin• l'Oolinµ-. f ,. 1·11111 00 
1hl• 1•xl11111~.l !.rH• wholly or i11 purl In ,< t1t·h 
au extel)t. 1hut thr r.arhou rli-11..:i,l,•. antl 
water Yapou.r conw.ined in the exha 11 .. t :.ra~ 
freeze out. 

11 l,a, lw1•11 fouud tha t 1·•m~id1·1a hlE' 05 
diffieultit>- ;tr(• PH•·01tn\t•n·d i11 -r•n1\ iu;: 'll 
tb1> liX_\"U'f ' !I hy ltH'lllltl of J>lllll jl-, as l h,· 
li<111id ox,rgi•n vapori"'" 111,•matu ri·l., .,,,.! 
J!U:'I fornw tinu 01•1·11r~ in tl11• pu111 p~. Th(• 
i11V!'lllio11 propo,-C:,, th,•n•fo rt•. 1,, d i::p .. ~,· too 
flit> pumps n· ithiu tlw ox y~en 1·1rn tai 111·1· 
our! pn•ferablv li l'u<>ath Ow li,pii ,l 1,•v,•l. 

F11rtl1er, 1bl:' spra_yini.t in ,·~11, he 
atfainN1 ll'il hout 1he n~c of p11 mp,- h,v 
s11 pplyintt h1•nt itJ t hl' 11x\·c:1•u , . .,., ta i r .. ·r· 105 
un1l ntili-i u~ tlw rnponr p re~~un· uri~i11:: 

APPEMD IX "D 


