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57) ABSTRACT 

A gas-steam engine utilizing wet compression, in which the 
water requirement is provided by recovering water from the 
engine exhaust gases by means of a condenser which is an in 
tegral part of the system. Water from the exhaust gas is con 
densed and injected back into the engine at an appropriate lo 
cation, eliminating the need for an external source of water. 

3 Claims, 1 Drawing Figure 
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GAS-STEAMENGINE 

BACKGROUND OF THE INVENTION 

This invention relates to improved engine systems suitable 
for use in generation of power, and especially in automotive 
vehicles such astrucks, busses and passenger cars. 
Air pollution resulting from conventional type engines has 

reached a critical level. Much work has been done in an effort 
to perfect a satisfactory substitute for the reciprocating piston 
engine, which has several inherent disadvantages, including 
primarily an exhaust that contains high levels of pollutants, 
due to incomplete combustion of fuel. 
At light loads and speeds there are emissions of carbon 

monoxide and unburned fuel. At full power delivery com 
bustion temperature and pressures are attained sufficient to 
cause the formation of oxides of nitrogen. 

It is well known that an engine operating with steady-state 
combustion produces a much "cleaner" exhaust than does 
non-steady state operation. Also, the conventional automotive 
engine has undesirable inefficiencies and complexities. Most 
of the recent efforts by the industry have been directed toward 
improving the pollutant level in exhaust gases from conven 
tional engines, and only a nominal amount of work has been 
directed toward developing a substitute for the conventional engines. 
The small amount of work done toward developing a sub 

stitute power plant suitable for automotive vehicles has been 
directed in two major areas. The first is the gas-turbine, and 
the second is the closed cycle steam power plant. Some suc 
cess has been had with gas-turbine engines for large trucks and 
busses, but development work on gas-turbines for passenger 
cars has apparently been abandoned or minimized by the au 
tomobile industry. The two major factors which have retarded 
development of a gas-turbine for passenger cars have been; 
(1) it is difficult to keep the size small enough, and, (2) it has 
been expensive due to requirements of special alloys or 
materials for the turbines, 

In the area of steam powered passenger cars, the only ef 
forts appear to be toward refinements of the early-day steam 
powered cars. These efforts still face the problem of freeze-up 
in cold weather, assuming that the other problems could be 
solved. 

SUMMARY OF THE INVENTION 

The present invention overcomes the difficulties which have 
hampered development of a suitable steady-state combustion 
engine. It involves a combination steam-gas engine which has 
no freeze-up problem due to the fact that a separate water 
supply is not required, and that complete drainage of all water 
is made immediately after shut-down. The invention provides 
an engine which utilizes any suitable hydrogen-containing 
fuel, preferably an inexpensive hydrocarbon such as kerosene, 
to produce hot exhaust gases which in turn drive an engine 
which is connected to a load. The engine is also connected to a 
compressor to provide compressed air to the combustion Zone 
in a conventional manner. An important feature of the inven 
tion is that the exhaust gases, instead of being vented directly 
to the atmosphere, are first passed through a condenser to 
remove a substantial part of the water from the exhaust gases. 
As is well known, approximately one volume of water is 
produced by combustion of one volume of hydrogen-contain 
ing fuel such as kerosene. The condensed water is collected 
from the condenser and pumped back into the engine either in 
the compressed air ahead of a regenerator, into the air ahead 
of the compressor, or into the combustion chamber itself, or 
some combination of these. By injecting the water into the 
system as a liquid, an important saving in compressor back 
work is realized, since it requires much less energy to com 
press or pressurize a liquid than to compress or pressurize the 
same amount of material as a gas. 
There is an increase in capacity per unit of motive fluid due 

in part to the greater available energy of steam over that of air. 
Another advantage of having water in the system is that the 

2 
conditions of combustion can be controlled to provide op 
timum efficiency, or to maintain the operating temperature 
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low enough that expensive materials of construction are not 
required. This last feature in itself could reduce the cost of an 
engine in accordance with this invention sufficiently that it 
would be competitive economically. 

It is of course known in the art that some of the above 
described advantages can be obtained in engine operation by 
the so-called "wet-compression' method of operation. How 
ever, none of the prior art systems provided an exhaust gas 
condenser to recover the necessary water from the exhaust 
gas, but instead relied on external sources of water, making 
the system impractical for use on automotive vehicle systems. 
The present invention, providing a combination gas-steam 

engine, would operate initially at start-up as a conventional 
engine, but since the condenser would be cold, and therefore 
at maximum efficiency, the water necessary to produce the 
desired operating conditions would be available within a 
matter of seconds, and the operation would then be self 
sustaining as far as the water requirement is concerned. 

BRIEF DESCRIPTION OF THE DRAWING 

The drawing is a schematic representation of a gas-steam 
turbine having means for condensing water from exhaust gas 
and returning the water to the engine. 
DESCRIPTION OF THE PREFERREDEMBODMENT 

In accordance with a preferred embodiment of the inven 
tion, as illustrated in the drawing, a turbine engine 2 is coupled 
by suitable power-transmission means (not shown) to the 
drive wheels of an automotive vehicle. The turbine 2 also 
drives a compressor 4 which supplies air to the combustor 6 of 
the turbine engine. An exhaust-gas condenser 8 is provided for 
condensing a substantial part of the water produced as a 
product of combustion, and the condensed water is returned 
to the engine by a controllable injection pump 10. Uncon 
densed exhaust gases exit condenser 8 through outlet 16. 

In the drawing, the discharge from injection pump 10 leads 
to a filter 12 and from there to the compressor 4 by means of 
conduit 14. Alternatively, by means of suitable manifolding 
(not shown), the water could be directed from injection pump 
10 to regenerator 18 or to combustor 22, or by any combina 
tion of these. 

In one preferred embodiment of the invention, about one 
half of the water would be returned to the regenerator 18, and 
the remaining one half to combustor 6. Fuel is supplied 
through conduit 22 to combustor 6, and air to compressor 4 is 
supplied through inlet 24. 
The amount of water returned to the engine can vary con 

siderably, but would have to be above 5 percent, based on the 
volume of fuel combusted, assuming a liquid fuel being, to 
show any appreciable benefit in engine operation. The max 
imum amount of water returned is only limited by the amount 
which can be efficiently utilized in the engine, and may be 
several times the amount of fuel being combusted. This is 
possible even though the amount of water produced by a 
preferred fuel such as kerosene is only about equal to the 
volume of kerosene combusted, due to the fact that the water 
is recycled back into the system, permitting build-up to any 
desired level. 

In a preferred embodiment of the invention, the amount of 
water in the engine is maintained sufficiently high to keep the 
temperature of the gases in the turbine below 1,500 F., as this 
is about the temperature above which special heat-resistant al 
loys would be required for the turbine parts. 

In the operation of a gas-steam engine in accordance with 
this invention, the engine is started by combusting fuel in com 
bustor 6, producing hot gases to power turbine 2. The gases 
pass through regenerator 18 and then to condenser 8, where 
water in the exhaust gases is condensed out and returned by 
pump 10 back into the system. Shortly after start-up, the 
amount of water being returned reaches the desired level, 
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such as about 50 to 300 percent based on the volume of fuel 
being combusted, and the operation utilizing a combination 
gas-steam turbine engine is continued without a necessity of 
an external water supply. 
The resulting operation combines most of the advantages of 

both steam and gas-turbine engines, and simultaneously 
eliminates the most serious drawbacks to the steam engine and 
the gas-turbine engine for automotive vehicle use. That is, as 
to steam engines, the freeze-up problem of the water supply is 
eliminated, and as to gas-turbines, the high temperature of 
operation is controlled and reduced, eliminating the need of 
special materials of construction, while the efficiency is im 
proved due to the fact that the compressor back work load is 
reduced on account of part of the motive fluid (the water) 
being compressed or pressurized as a liquid. Also, by this 
method it is possible to maintain combustion at relatively fixed 
air-fuel ratios under all conditions of power requirement from 
idle to full capacity. 
We claim: 
1. A steady-state combustion system suitable for powering 

an automotive vehicle comprising: 
combustion means for combusting a hydrogen-containing 

fuel; 
turbine engine means adapted to power an automotive vehi 
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4 
cle and powered at least in part by gaseous combustion 
products from said combustion means; 

a compressor driven by said turbine engine means and con 
nected thereto for providing compressed air to the com 
bustion means; 

said combustion products after expansion in said turbine 
means being first passed through the hot pass of a single . 
pass contraflow regenerator, with said compressed air 
from said compressor in contraflowing heat exchange 
relation therein, said combustion products secondly 
passed through a condenser adapted to condense a sub 
stantial amount of the water from exhaust gases exiting 
from the said regenerator and 

means for controllably injecting at least part of the con 
densed water back into the air inlet of said compressor for 
providing compressed air such that the water is returned 
to the air being compressed in said compressor. 

2. The system of claim 1 in which the amount of water in 
jected is between about 5 and 300 percent based on the 
amount of fuel burned. 

3. The system of claim 1 in which the amount of water in 
jected is sufficient to maintain the combustion temperature in 
the combustion means below 1,500 F. 
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