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This invention relates to marine propulsion 
systems and particularly to apparatus for the 
propulsion of submarine vessels. The invention 
relates more specifically to apparatus for the sur 
face and underwater propulsion of submarine 
vessels by the use of high pressure steam. The 
term high pressure is intended to mean pressures 
up to or above the order of two thousand pounds 
per Square inch. 
The propulsion of submarines on the surface 

by steam has been accomplished heretofore. It 
has also been known to provide submarines with 
compressed air reservoirs to supply air for the 
operation of internal combustion engines while 
the vessel is Submerged. 
According to the present invention, a sub 

marine propulsion system is provided which has 
all the Well-known advantages incident to steam 
turbine drives for marine vessels. The instant 
invention involves the use of a steam boiler oper 
ated when the vessel is on the surface, accumula 
tors for storing energy in the form of liquid under 
high pressure and heat, and a steam turbine or 
engine or combination turbine and reciprocating 
engine for propulsion of the vessel both on the 
surface and when Submerge. It also contem 
plates the emergency use of a combustion device 
Operable when submerged, if necessary, to pro 
duce steam for Operating the submarine and/or 
its auxiliaries. 

It is the object of this invention to provide an 
efficient propulsion system for submarines per 
mitting the utilization of a steam turbine drive 
for both surface and submerged maneuvers. 

It is a further object of the invention to pro 
vide a steam propulsion System for submarines 
which requires a minimum amount of space and 
weight per horsepower, and which does not in 
Wolve the use of heavy electrical apparatus. 

It is another object of the invention to provide 
a steam propulsion system for submarines 
adapted to be operated under water, from energy 
accumulators containing a hot liquid under high 
pressure, and to provide means for charging said 
accumulators rapidly and efficiently. 

It is another object of this invention to provide 
a steam generating plant for Submarine vessels 
which may be disposed within or without the 
pressure hull, in order to accommodate balance, 
disposition of bulk, or convenience of control in 
the design of armed submarine vessels, 

It is the further object of this invention to 
provide a submarine propulsion system which 
vastly increases the utility of this type of vessel 
due to increased speed, increased cruising range, 
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rapid recharging rates, and increased space for 
fuel and munitions. 
A further object of the invention is the provi 

sion of submarine propulsion apparatus which 
may be compactly installed and located so as to 
minimize discomfort to the crew due to fumes 
and heat, and to provide more space than here 
tofore for control and munition equipment. 
Another object of the invention is the provi 

sion of a steam propulsion system for submarine 
vessels having the steam boilers and accumula 
tors outside of the main pressure hull thereby 
permitting the use of a Smaller diameter, more 
easily streamlined pressure hull which is better 
able to withstand greater depths and sudden 
pressures due to depth or aerial bombs. 
Other objects and advantages of this invention 

will be readily apparent from the following de 
scription of the embodiments of the invention 
illustrated in the accompanying drawings in 
Which: 

Figure 1 is a diagrammatic elevation view, 
partly in section, of a Submarine provided with 
my improved propulsion system, 

Figure 2 is a sectional view taken on line 2-2 
of Figure 1. 

Figure 3 is a diagrammatic elevation view, 
partly in section, of a modified form of submarine 
construction embodying my invention. 

Figure 4 is a sectional view taken on line 4-4 
of Figure 3. 

Figure 5 is a diagram illustrating the inter 
relation and the interconnections of the various 
elements in my improved propulsion system. 

Referring to Figure 1 of the drawings, for the 
purposes of illustration, a submarine pressure 
hull is indicated by the numeral fo. The pres 
sure hull () is provided with the usual compart 
ments for the crew, control, supplies and arma 
ment. A compartment f is provided immediate 
ly abaft the conning tower 2 and within the 
pressure hull fo, for housing one or more (two 
shown) boilers or heaters 3. A relatively large 
tank or series of tanks or pressure vessels 4, 
hereinafter referred to as an accumulator, is 
located within the pressure hull O. The ac 
cumulator 4 may be provided with suitable baf 
fies 5 to restrict or prevent excessive surging of 
the liquids stored therein. The accumulator f4 
may also be provided with a water jacket. 6 or 
other form of effective thermal insulation to limit 
the loss of heat from the accumulator to the com 
partments within the hull. The accumulator in 
sulation is preferably in the form of pipes . 



shown in Figure 2, through which sea water may 
be circulated by suitable means. 
The turbine and pump compartment, located 

aft is provided with suitable steam turbines 
and/or other kinds of engines, indicated gener 
ally by the numeral B, connected through 
clutches and gearing for rotating the convention 
a propeller shaft or shafts 59. A condenser 9 
is situated in the turbine compartment. Auxil 
iary apparatus including pumps, generators, 
blowers and the like may also be located in the 
aft compartment. 
An oxygen-hydrogen combustion apparatus 20, 

described hereinafter, may also be installed in 
the turbine compartment. As shown in Figure 2, 
the submarine hull f is provided with inner walls 
2, containing the various compartments, and the 
space between the hull and the walls 2 may be 
used for buoyancy and storage tanks. 
My improved propulsion system and apparatus 

will now be described in detail. Referring to 
Figure 5, the boiler or fluid heater 3 is provided 
with an inlet 25 and an outlet 2 for the fluid to 
be heated. The boiler is preferably of the 
continuous-flow, once-through high pressure 
type which is strong, light-weight in construction 
and which heats up rapidly. Duplicate heaters 
suitably cross-connected are preferable. A fluid, 
e.g., water, is supplied to the heater 3 from 
feedwater supply or storage tank 27 by pump 28. 
The water is pumped into the heater through 
check valve 29 and the inlet connection 25. Fuel, 
preferably in the form of hydrocarbon fuel oil, is 
forced by the pump 30 from storage tank 3 f to 
the burner 32. Suitable forced draft apparatus 
(not shown) may be used to promote fuel com 
bustion in the conventional manner. The boiler 
draft pipe for exhaust of combustion products 
extends to the outside of the compartment, and 
is provided with water-tight closures for use 
when submerged, it being understood that. the 
boiler 3 is not operated when the submarine is 
propelled underwater. The heater outlet 26 is 
connected through T 33, pipe 34, fitting 35, pipe 
36, T 37, and charging valve 38 to the accumu 
lator tank 4. A stop valve 39 is provided ad 
jacent the heater outlet 26. A dome 40 at the 
top of the accumulator 4 is connected by a 
Superheating or evaporating pipe 4 extending 
through the interior of the accumulator and con 
nected to the fitting 33 through a valve 42. The 
accumulator 4 is also connected through pump 
28' and valve 29' to the boiler inlet connection 
to provide positive means for circulation of water 
in the accumulator through the boiler f3. The 
fitting 35 is connected through throttle valve 43 
and lines 44 and 45 to two steam turbines desig 
nated 46 and 47, respectively. The low pressure 
or exhaust side of each turbine is connected to 
the condenser f9 by pipe 48 and fitting 49 re 
spectively. Turbine 46 may be a high pressure 
turbine, and turbine 4, a low pressure turbine 
for Operation as a multi-stage or compound unit. 
The turbines may have separate shafts, as shown, 
or be arranged on the same shaft. A cross con 
nection 50 is provided between the low pressure 
side of turbine 6 and the line 45 extending to 
the high pressure inlet of turbine 47. By open 
ing valves 5 and 52 and closing valve 53, tur 
bines 46 and 47 can be connected to operate in 
parallel. By opening valve 53 and closing valves 
if and 52, the steam turbines are connected in 

series for operation at high and low pressure 
respectively. Both turbines are connected by 

5 

10 

20 

2,247,595 
55. The latter shaft is connected by clutch 56 
to shaft 57, and through a reversing mechanism 
58 to the propeller shaft or shafts 59. A pump 
5 is provided for delivering the condensate from 
condenser 9 back to the feedwater supply tank 
2. The feedwater tank or tanks may be rela 
tively small in size since the accumulator re 
mains at all times at least partially filled with 
water. Where several accumulator tanks are 
provided, they may be interconnected with the 
feedwater tank whereby a discharged accumu 
lator tank may serve as an additional feedwater 
tank when necessary. 
A cruising engine shown diagrammatically. at 

6 is connected by a clutch 6 and reduction 
gearing 62 to the shaft 57. The cruising engine 
it may be of the reciprocating piston type and 
is connected through a steam throttle valve 63 
to the fitting 37. Exhaust steam from cruising 
engine 6 is led by pipes 64 and 65 to a cruising 
or low pressure turbine 66. A clutch 67 and 
reduction gearing 68 connect the cruising tur 
bine to shaft S. The low pressure side of the 
cruising turbine is connected by pipe 69 and fit 
ting 49 to the condenser 9. 

Auxiliary steam generating and propulsion ap 
paratus is provided for use in emergencies so 
that a submarine will not be entirely out of com 
mission if the regular boiler accumulator turbine 
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System becomes exhausted or inoperable. The 
energency system depends upon an oxygen stor 
age tank shown at 70, and a hydrogen storage 
tank shown at . The oxygen tank TO is con 
nected by line 72 and throttling valve 73 to a 
burner T in an auxiliary combustion chamber 
5. The hydrogen tank 7 is likewise connected 

to the burner 74 by line 76 and valve TT. The 
burner 4 is of the mixing nozzle type which 
permits a proper mixture of hydrogen and oxy 
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gen to be burned within chamber 75. Water may 
be added to the combustion chamber by means of 
an atomizing nozzle 78 connected through valve 
79 to the feedwater line extending from pump 28 
to the boiler f3. By means of water added 
through the nozzle 78, the products of combus 
tion can be desuperheated to the required tem 
perature, and the resulting steam lead through 
line 80 and valve 8 to fitting 35 in the main 
steam piping. The steam generated in the oxy 
gen-hydrogen combustion chamber 75 may be 
used to recharge the accumulator 4 through 
valve 38, and/or to drive the main turbines 46 
and 47, or the cruising engine 60. 

Extensions 82 and 83 on the lines 2 and 76 
from the oxygen and hydrogen storage tanks lead 
through stop valves 84 and 85 to the internal 
combustion cruising engine 86. The exhaust 
steam from combustion engine 86 is connected 
by line 8 and stop valve 88 to the inlet 65 of the 
Cruising turbine 66, where its remaining pres 
Sure may be utilized. Combustion engine 86 is 
connected by clutch 89 and reduction gearing 
62 to the shaft 57. 
The operation of the above-described propul 

sion apparatus is as follows: The submarine is 
operated on the surface by steam generated in 
the boilers f3 and led directly to the main tur 
bines 46 and 47 or to the cruising engine 60 and 
cruising turbine 66. At any time while the sub 
marine is at the surface, the boilers 3 may be 
utilized to charge the accumulator f4 through 
valve 38. The accumulator may be charged by 
admitting steam into the accumulator tank or 
tanks partially filled with water, or may be 

suitable reduction gearing 54 to the driven shaft 75 charged by using pump 28 to circulate water 
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from the accumulator through the boiler 3 by 
way of valve 29 and inlet connection 25. Energy 
is stored in the accumulator 4 in the form of 
hot water at high temperature and correspond 
ingly high pressure. The hot water may be ac 
cumulated at pressures up to or above the order 
of three thousand pounds per Square inch. 
Present engineering practice indicates accumu 
lator operation over a range of pressures extend 
ing from two thousand pounds to the condenser 
pressure. For propulsion when submerged, the 
boilers 3 are closed down and the stack hatches 
closed. Steam is bled from the accumulator 4 
by dome 60 into pipe 4 extending through the 
accumulator to fitting 33 in the main steam 
header. Steam is thus supplied for operating the 
turbines and/or engines as in surface propulsion. 
Exhaust steam is condersed in the condenser 3 
and returned to the feedwater tank 2 for re-use 
when the submarine rises to the surface and 
boilers 83 resume operation. 
When first submerged, the submarine may be 

propelled by using turbines 48 and 3 in series 
as high pressure and low pressure turbines, re 
spectively. During the final stages of 8ccurau 
lator utilization, valves 5 and 52 may be opened 
and valve 53 closed to allow expansion across 
both turbines in parallel directly into the coin 
dense 9. 
After the accumulator becomes discharged, the 

Submarine may be brought to the surface and the 
water remaining in the accumulator recharged 
by use of the heaters 83. The system described 
contemplates a power plant the boilers or heet 
ers of which are capable of developing up to or 
even more than ten thousand horsepower. An 
accumulator designed to store ten thousand 
horsepower hours of energy may therefore be 
recharged within an hour when utilizing the ful 
capacity of the boilers. An accumulator of the 
above capacity would be approximately 10 feet 
long and 10% feet in diameter if one tank is 
provided. Four tanks 5A feet in diameter could 
be used for similar capacity. It is also possible 
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for a submarine with a partially or completely as 
discharged accumulator to rise to the surface 
and completely recharge the accumulator in a 
relatively short interval of time. 
The oxygen-hydrogen combustion device 20 is 

provided for the generation of steam for use 
when the accumulator is discharged and the tac 
tical situation precludes rising to the surface for 
accumulator recharging. The internal combus 
tion engine 86, operable on oxygen and hydrogen 
from tanks 70 and a provides means for pro 
pulsion in event of failure of the main steam pro pulsion System. 
The Submarine may be propelled either on the 

surface or when submerged by the main turbines 
or the cruising engine and turbine. It conse 
quently has the advantage of high speed opera 
tion for all maneuvers. 
The modified submarine construction shown in 

Figures 3 and 4 contemplates location of the 
heater units 3 and the accumulator f4 in com 
partments 90 and 9 outside of the pressure hull 
92 and within the outer hull 93. In this arrange 
ment, the pressure hull 92 has to accommodate 
only the relatively small high power driving tur 
bines and engines 8 and the control and living 
quarters, and hence the vessel may be more fully 
streamlined. The small diameter pressure hull 
92 saves materially in hull weight, and through 
greater strength, provides safer operating and 
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by separate small tanks or chambers 94 (see Fig. 
4) within the Outer hull 93 but outside of the pressure hull 92. 
The advantages of the above-described system 

for the steam propulsion of submarine vessels are 
numerous and fundamental. The elimination of 
storage batteries and heavy electrical apparatus 
permits the installation of increased horsepower 
boilers. The use of heat accumulators permits 
the utilization of the same driving turbines and 
engines for submerged as well as surface maneu 
vering. The increased space provided by elimi 
nation of a separate power plant for submerged 
Operation results in increased range due to the 
use of large accumulators. The elimination of 
storage batteries and internal combustion en 
gines provides better living compartment condi 
tions for the Submarine crew, since it does away 
with all sources of poisonous and noxious fumes. 
The relatively large accumulator tanks provide 
an additional safety feature in that the tanks 
may be quickly blown and extra buoyancy 
promptly obtained. The use of the heat accu 
imulator likewise provides a convenient source 
of heat for heating the compartments and for , 
cookiing. The ability of the high pressure boil 
ers 3 to rapidly recharge the accumulators like 
Wise is an important advantage in tactical ima 
neuvers. The fact that the heaters and accu 
Inulator may be positioned outside of the pres 
Sure hull provides a stronger submarine construc 
tion better able to withstand great depths and 
Sudden pressures encountered in marine warfare. 
Other advantages of my improved propulsion 

system will be readily apparent from the descrip 
tion thereof. Obviously, many variations in the 
riature and arrangement of the elements de 
Scribed will be apparent to those skilled in the 
art of marine propulsion. The scope of this 
invention contemplates the installation of any 
equivalent apparatus and arrangement within 
the scope of the following claims. 

claim: 
1. In apparatus for the propulsion of sub 

marine vessels, the combination comprising a 
high pressure steam boiler, steam engines and 
means connecting said engines with said boiler 
for Operation of the engines by steam from said 
boiler for the propulsion of said vessel on the 
Surface, an accumulator for the storage of heat 
ed water under pressure, means for charging said 
accumulator from said boiler, means for operat 
ing said engines with steam furnished by said ac 
cumulator when the vessel is submerged, and 
means including a combustion chamber for gen 
erating steam for operating at least one of said 
engines when the vessel is submerged and said 
accumulator discharged, steam being generated 
in Said combustion chamber by the combustion of gases therein. 

2. In apparatus for the propulsion of sub 
marine vessels, the combination comprising a 
high pressure steam boiler, steam engines and 
means connecting said engines with said boiler 
for Operation of the engines by steam from said 
boiler for the propulsion of said vessel on the 
Surface, an accumulator for the storage of heat 
ed water under pressure, means for charging 
said accumulator from said boiler, means for 
Operating said engines with steam from said ac 
cumulator when the vessel is submerged, a com 
bustion engine for the propulsion of said vessel 
Submerged when said accumulator is discharged, 
and means connecting the exhaust of said com living compartments. Buoyancy may be secured 75 bustion engine to one of said steam engines for 
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operating the same in conjunction with said 
combustion engine. 

3. In apparatus for the propulsion of sub 
marine vessels, the combination comprising a 
high pressure steam boiler and a Source of fuel 5 
for heating said boiler, steam turbines and means 
connecting said engines with said boiler for op 
eration of the engines by steam from said boiler 
for the propulsion of said vessel on the surface, 

ed water under pressure, means for charging 
said accumulator from said boiler, means for 
operating said turbines with steam furnished by 
said accumulator when the vessel is submerged, 
means including a combustion chamber for gen 
erating steam for operating said cruising engine 
and turbines for the propulsion of said vessel 
submerged when said accumulator is discharged, 
and a combustion engine for the propulsion of 

a reciprocating type steam cruising engine also lo said vessel submerged when both said steam tur 
operated by steam from said boiler for propula 
sion of said vessel on the surface, a heat insul 
lated accumulator for the storage of highly heat 

bines and Cruising engine are inoperative. 

WILIAM J. BESLER. 


