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[57] ABSTRACT 

In the engine operating system of this invention, a ven 
turi tube consisting of two closely opposite nozzles, 
the neighbouring part of such opposing ends of the 
nozzles being tightly closed so as to form a suction 
port, is arranged in the liquid cycle, and the exit of the 
venturi tube is connected with a gas(or air)-liquid sep 
arator, the upper end of which separator is connected 
to an engine vmember by way of a heater, while the 
bottom end of the separator being connected to the 
inlet of said venturi tube by way of a driving pump, 

' and the suction port of the venturi tube is connected 
through a pipe to the open air or to the gas (or air) 
exit of the engine member. In the present system, it 
results in an advantage that the thermal efficiency of ' 
the system increases signi?cantly. 

2 Claims, 6 Drawing Figures 
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ENGINE OPERATING SYSTEM 

The present invention relates to a new engine operat 
ing system. Morev particularly the invention relates to 
an engine operating system substituting compressed air 
or gas for the conventional combustion gas in the inter 
nal combustion engine or for the steam in the turbine. 
The engine operating system according to the present 

invention comprises a venturi tube arranged in the liq 
uid cycle, the exit of which venturi tube is connected 
to a separator of the liquid from conducted air or gas; 
an engine member to which the high-pressured air or 
gas separated in said separator is conducted passing 
through a heater; a pump which causes the liquid sepa 
rated in the separator to circulate to the inlet of the 
venturi tube; and a pipe through which either the open 
air is conducted, or the exhaust air or gas from said en 

' gine member is circulated, to the suction port of the 
venturi tube. 
An object of the invention is to provide an engine op 
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erating system reducing the fuel consumption thereof - 
in comparison with the conventional internal combus- I 
tion engine or the steam turbine. ~ 
Another object of the invention is to provide an en 

gine operating system having a simple construction in 
comparison with said conventional systems. 

Still another object of the invention is to provide an 
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engine operating system facilitating the custody thereof , 
in comparison with the conventional systems. 
Further objects of the invention will become appar 

ent from the following explanation of the invention re 
ferring to the accompanying drawings, in which: 
FIG. 1 is the diagrammatic flowsheet showing an em» 

bodiment of the engine operating system according to 
the invention. 
FIG. 2 is the similar flowsheet to that of FIG. 1 but 

showing another embodiment. ' 
FIG. 3 shows the enlarged side sectional view of the 

perforated plate which is provided with a number of 
small bell-mouthed holes and which is attached to the 
convergent end of the inlet nozzle of the venturi tube 
in the present system. 
FIG. 4 is the graph showing a heat cycle of steam 

drawn on the Mollier diagram in the conventional 
steam turbine, in which diagram the numerals in paren 
theses indicate concrete values. 
FIG. 5 is the graph showing a heat cycle of the circu 

lating air or gas drawn on the Mollier diagram in the 
system of the present invention. 
FIG. 6 is the graph showing a pressure change of the 
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2 
the driving pump 6. The open air or the exhaust ‘air or 
gas of the engine member 5 is conducted to the suction 
port 1c of the venturi tube through the pipe 7. 
Thus, in accordance with the engine operating sys 

tem of the invention, the liquid circulates in such a way 
as, pump6 ~> venturi tube 1 —- separator3 -> pump 
6, whereby the pressure of the liquid in the suction port 
1c of the venturi tube decreases. Accordingly, air or gas 
is sucked into the suction port 1c of the venturi tube 
through the pipe 7 and is further sent to the exit nozzle 
lb of the venturi tube. That is, air or gas circulates in 
such a way as, suction port 10 of venturi tube —> sepa 
rator 3 -> heater 4 engine member 5, whereby the 
energy of the high-pressured air or gas is supplied for 
said engine member 5. > 
Comparing the system of the present invention with 

the conventional engine operatingsystem, firstly, FIG. 
4 is the graph showing a heat cycle drawn on the Mol 
lier diagram, that is, on the diagram of enthalpy (i) — 
pressure (p) of steam in the conventional steam tur 
bine, in which the clockwise ABCD shows the heat en 
gine cycle. And in said heat engine cycle, the condensa 
tion of steam, i.egthe heat radiation for external takes 
place between BC, the adiabatic expansion thereof, 
i.e., the work for external takes place between AB, the 
evaporation ther_e)of, i.e., the heat absorption takes 
place between DA and the pressurized water supply 
from the cqndensor into the boiler thereof takes place 
between CD, respectively. 
Accordingly, the output in the conventional steam 

turbine corresponds to the work performed by the ex 
pansiqn of steam between AB, and thg ratio of the out 
put (AB) to the fuel consumption (AD), i.e., the ther 
mal efficiency amounts to 30-40 percent at most, 
though such a heat efficiency varies with the conditions 
of the steam pressure and the super heating thereof. 

Further, in the internal combustion engine, the ther 
mal ef?ciency thereof is below 30 percent, by the 
mechanism similar to that of the above-mentioned 
steam turbine. - 

On the contrary, in the system according to the pres 
ent invention, the thermal efficiency thereof amounts 
to 60 percent and upward by means of adopting the 
venturi tube. That is, FIG. 5 is the similar graph show 
ing a heat cycle drawn on the Mollier diagram of the 
circulating air or gas in the system of the present inven 

. tion, in which diagram the adiabatic expansion of air_pr 

circulating liquid in the venturi tube of the system ac 
cording to the present invention. 
Referring to FIG. 1, the venturi tube 1 consists of two . 

closely opposite nozzles, the inlet nozzle la and the exit 
nozzle 1b, the neighbouring part of such opposing ends 
of the nozzles being tightly closed so as to form the suc 
tion port 1c, and the convergent end of the inlet nozzle 
1a (i.e., the right end thereof in FIG. 1) being covered 
with the perforated plate2 having a number of small 
belLmouthed holes 2a, 2a —- as shown in FIG. 3. The 
divergent end of the exit nozzle lb (i.e., the right end 
thereof in FIG. 1) of the venturi tube is connected to 
the gas (or air)-liquid separator 3, the upper end of 
which is connected to the engine member 5, e.g., a tur 
bine, a reciprocating engine or a rotary engine, through 
the heater 4. The bottom end of the separator 3 is con 
nected to the left end of the inlet nozzle la by way of 
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gas, i.e., the work for external takes place between AB, 
the compression thereof takes place between BC and 
the heat absorption from the heater takes place be 

—) 

tween CA, respectively. Thus, in the system of the in 
vention, there is no thermal leak other than said work 
for external itself, while in‘ the conventional engine sys 
tem the heat radiation for external takes place between 
BC, as shown in FIG. 4, to discharge the condensation 
heat wastefully, so that the thermal efficiency in the 
system of the present invention increases as described 
in the above. 
FIG. 6 is a graph showing the pressure change of the 

circulating liquid in the venturi tube of the present sys 
tem, in which: P, shows the pressure at the inlet of the 
venturi tube, P2 shows that at the suction port 1c and 
P3 shows that at the exit of the venturi tube, respec 
tively. That is, the circulating liquid, the pressure of 
which has been increased to P, by the pump 6, enters 
the venturi tube 1, and the velocity head thereof in 
creases at the inlet nozzle la of the venturi tube 1 to de 
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crease the pressure thereof in the suction port 1c. At 
this time, the velocity head of the liquid increases more 
and more to decrease the pressure thereof to P2 in the 
suction port 10. Thus, the air or gas coming out of the 
engine member 5 is sucked into the suction port 10, and 
the velocity head thereof decreases at the exit nozzle lb 
of the venturi tube 1, thereby the pressure of the air or 
gas returns to the static pressure of P3 followed by the 
entrance of the air or gas into the heater 4 so as to be 
heated therein. From the mechanism as described 
above, the power required for driving the pump 6 in the 
system of the invention is not in proportion to P2, but 
is in proportion to (Pl-P3), i.e., to the pressure depres 
sion of the circulating liquid. Accordingly, the driving 
power for the pump 6 in the present invention is mark 
edly reduced in comparison with that of the conven 
tional steam turbine. 
The system of the invention is, in other words, char 

acterized in that, the high-pressured air or gas having 
the enthalpy difference equal to the difference between 
the enthalpy of the steam at the boiler exit and that of 
the steam at the condensor inlet in the conventional 
system, is generated by means of using the venturi tube 
cycle (i.e. pump 6 venturi tube 1 separator 3 

pump 1), and the engine member 5 is supplied with 
this high-pressured air or gas so as to operate the en 

- gine at high efficiency. The flow ratio, as well as the 
pressure ratio, of the sucked air or gas to the exit air or 
gas in the present system may be controlled by the pre 
scription of the pressure of the pump 6. ‘ 
Now, an example of the numerical values of the oper 

ation in the conventional steam power plant is as fol 
lows: 

Saturated Steam pressure Enthalpy 
temperature 

Boiler exit 229°C 28 kg/cm2 870 kcal/kg 
(super heating 
by 407 "C) 

Condensor inlet 26 °C 0.035 kg/cm2 609 kcal/kg 

The required thermal load of the boiler is, provided 
that the quantity of the steam to be generated is 
23ton/hr, calculated as follows: 
(870-26) kcal/kg X 23,000 kg/hr 
kcal/hr = 6,771 kw 

Accordingly, when the efficiency of the turbine is 
0.75, the electric output of the plant is expressed as 

6,771 kw X 0.75 = 5,087 kw. 
On the other hand, in order to generate the same en 

thalpy difference employing the system of the present 

19,412,000 

- invention, in which the air pressure at the inlet of the 
turbine engine is 28.0'kg/cm2 similarly as that of the 
boiler exit in the above conventional steam power plant 
and the air exit of said engine is opened to the atmo 
sphere, it is necessary that the difference between the 
temperature of the inlet air and that of the exit air of 
the engine is adjusted to the value calculated by the fol 
lowing equation or upward: ' 
(870 — 609) kcal/kg X 6.41 kg/sec/(O.24 X 6.41 
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4 
kg/sec) = 1,087.5°C, 

wherein 0.24 shows the speci?c heat of air and 6.41 
>kg/sec corresponds to the above-mentioned 23 ton/hr. 
That is, the turbine in the present invention may be op 
erated by heating the air to be sent to the engine mem 
ber to increase the difference between the temperature 
of the air to be sent to the engine member and that of 
the exit air of the engine up to 1,087.5 °C or upward. 
Accordingly, the fuel consumption in the present sys 
tem is reduced to about 30 percent of that necessary 
for the conventional steam turbine, because the ratio of 
the enthalpy of the invention to that of the conven 
tional steam turbine, i.e., the ratio of the fuel consump 
tion in the present invention to that in the conventional 
steam turbine may be expressed by following equation: 
(870 —— 609)](870 — 26) = 261/844 = 0.309 

Such a large value of the temperature difference as 
described above is, however, readily and significantly 
reduced by,'for example, the increase of the amount of 
the circulating air or gas in the system of the present in 
vention, such a reduction of the temperature difference 
being necessary for the industrial application of the sys 
tem of the present invention. 
From the above description,‘it may be seen that in 

the system of this invention any boiler water, water 
treating apparatus, cooling-water apparatus or water 
introducing apparatus are not needed. 
What is claimed is: 
1. An engine operating system comprising: a venturi 

tube consisting of two closely opposite nozzles, an inlet 
nozzle and an exit nozzle, theneighbouring part of such 
opposing ends of the nozzles being tightly closed so as 
to form a suction port, while the convergent end of the 
inlet nozzle being covered with a perforated plate pro 
vided with a number of small bell-mouthed holes; a air 
liquid separator connected with the exit of the venturi 
tube, the upper end of which separator is connected to 
an engine member through a heater, the air exit of said 
engine member being opened to the atmosphere, while 
the bottom end of said separator being connected to 
the inlet nozzle of the venturi tube by way of a driving 
pump; and a pipe through which the suction port of the 
venturi tube is connected to the open air. 

2. An engine operating system comprising: a venturi 
tube consisting of two closely opposite nozzles, an inlet 
nozzle and an exit nozzle, the neighbouring part of such 
opposing ends of the nozzles being tightly closed so as 
to form a suction port, while the convergent end of the 
inlet nozzle being covered with a perforated plate pro 
vided with a number of small bell-mouthed holes; a gas 
(or air)-liquid separator connected with the exit of the 
venturi tube, the upper end of which separator is con 
nected to an engine member through a heater, while 
the bottom end of said separator being connected to 
the inlet nozzle of the venturi tube by way of a driving 
pump; and a pipe through which the suction port of the 
venturi tube is connected to the gas (or air) exit of the 
said engine member. 

* * >l< *- * 


