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57 ABSTRACT 
The design and construction of past oxygen injection 
systems having an oxygen mixer to inject oxygen into 
an air intake pipe required the use of oxygen in a highly 
pressurized state. The use of high pressure oxygen re 
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quired precise pressure control in order to maintain 
safety. Additionally, the high pressure tank used for 
storing the oxygen was not space efficient due to the 
large volume occupied by the oxygen in the gaseous 
state. The present invention overcomes these problems 
by utilizing oxygen in the liquid state. Liquid oxygen is 
stored within a more space efficient storage tank. A 
solenoid is signaled through an electronic control unit 
to open under specific operating conditions allowing 
liquid oxygen to flow from the storage tank. Upon leav 
ing the storage tank, the liquid oxygen is converted to a 
gaseous state where it flows through an oxygen supply 
pipe so that the oxygen can be injected by an oxygen 
mixer into an air intake pipe for mixing with ambient air. 
The ability to increase the oxygen level during specific 
operating conditions produces more efficient combus 
tion and reduction in black smoke. 

1 Claim, 1 Drawing Sheet 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more specific information on the 
rights associated with a statutory invention registration 
See 35 U.S.C. 157. 
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1. 

OXYGEN INJECTION SYSTEM 

DESCRIPTION 

i. Technical Field 
This invention relates generally to an oxygen injec 

tion system for use in a diesel engine and more particu 
larly to the use of liquid oxygen in order to boost intake 
air volume. 

2. Background Art 
During acceleration, diesel engines inject more fuel 

into a combustion chamber in order to increase horse 
power and RPM. Unfortunately, ambient air from out 
side the engine is not received fast enough for proper 
mixing with the fuel in the combustion chamber during 
this time. The improper mixing of fuel and air leads to 
black smoke which is contrary to present day goals of 
improving emissions. 
The goal of one prior art diesel engine disclosed in 

Japanese Publication No. 57-179180 by Akira Oohashi 
on Dec. 18, 1980 was to decrease the amount of black 
smoke by injecting oxygen into an air intake pipe from 
a high pressure tank to complete combustion by obtain 
ing a more favorable fuel/air ratio. This was accom 
plished by metering the oxygen injected into the intake 
pipe to a specific quantity based upon fuel injection 
quantity and engine load. However, the use of high 
pressure oxygen requires precise pressure control. Ad 
ditionally, the high pressure tank used for storing the 
oxygen is not space efficient due to the large volume 
occupied by the oxygen in the gaseous state. Further 
more, the precise metering of the oxygen in relation to 
fuel and load conditions may be complex and costly. 
The present invention is directed to overcoming the 

problems as set forth above. 
DISCLOSURE OF THE INVENTION 

In one aspect of the present invention an oxygen 
injection system adapted for use with a diesel engine 
includes a cylinder block which defines a bore having a 
cylinder liner therein. The cylinder liner defines a cylin 
der bore and a cylinder head attaches to the cylinder 
block in closing relation to the cylinder bore. A piston 
is reciprocally mounted in the cylinderbore and defines 
with the cylinder block a variable volume combustion 
chamber. An intake pipe is fluidly connected to the 
combustion chamber for communicating ambient air 
into the combustion chamber during an intake cycle of 
the engine. An oxygen mixer is connected to the intake 
pipe and an oxygen supply pipe is connected at an end 
to the oxygen mixer. A liquified oxygen storage tank is 
connected to the oxygen supply pipe at an opposite end. 
A main valve has a normally closed position and an 
open position and is disposed within the oxygen supply 
pipe between the oxygen storage tank and the oxygen 
mixer. A regulator and heat exchanger is disposed 
within the oxygen supply pipe between the main valve 
and the oxygen mixer. A means for controllably open 
ing the main valve under predetermined engine operat 
ing conditions is included so that liquid oxygen from the 
oxygen storage tank is converted to a gaseous state and 
communicated to the oxygen mixer in order to combine 
with the ambient air in the intake pipe. 
The present invention, through the use of injecting 

liquid oxygen converted to a gaseous state into an intake 
air pipe, provides a simple, economical, and space-effi 
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2 
cient means to improve fuel/air mixing for more effi 
cient combustion and reduction of black smoke. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is diagrammatic representation embodying the 
present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

An oxygen injection system 10 for a diesel engine 12 
having a cylinder block 14 defining a bore 16 is shown 
in FIG. 1. The bore 16 has a cylinder liner 18 disposed 
therein. The cylinder liner 18 defines a cylinder bore 20 
and a cylinder head 22 attaches to the cylinder block 14 
in closing relation to the cylinderbore 20. A piston 24 is 
reciprocally mounted in the cylinder bore 20 and de 
fines with the cylinder block 14 a variable volume com 
bustion chamber 26. An intake port 28 and exhaust port 
30 are formed in the cylinder head 22. An intake valve 
32 and exhaust valve 34 having a normally closed posi 
tion and an open position are disposed within the intake 
port and exhaust port 28.30, respectively. An intake 
pipe 38 and an exhaust pipe 40 are connected to the 
intake port and the exhaust port 28,30, respectively so 
that the intake pipe and exhaust pipe 38,40 are fluidly 
connected to the combustion chamber 26. The intake 
pipe 38 fluidly communicates ambient air into the com 
bustion chamber 26 during an intake cycle of the engine 
12. The exhaust pipe fluidly communicates exhaust 
gases out of the combustion chamber 26 during an ex 
haust stroke of the engine 12. A fuel injector 44 is lo 
cated within the cylinder head 22 and is fluidly con 
nected to the combustion chamber 26. A fuel supply 
pipe 46 is connected to the fuel injector 44 at an end and 
to a fuel source (not shown) at an opposite end. A turbo 
charger (not shown) is connected to the exhaust pipe 40 
and to the intake pipe 38 between the combustion cham 
ber 26 and the ambient air. 
An oxygen mixer 50 of any suitable type is connected 

to the intake pipe 38 and includes a nozzle (not shown) 
therein. An oxygen supply pipe 52 is connected at an 
end to the oxygen mixer 50 and an opposite end is con 
nected to a liquified oxygen storage tank 56 of any 
suitable type. A main valve 60, such as a solenoid valve, 
having a normally closed and an open position is dis 
posed within the oxygen supply pipe 52 between the 
oxygen storage tank 56 and the oxygen mixer 50. A 
regulator and heat exchanger 64 of any suitable type, 
such as that used on a propane engine, is disposed 
within the oxygen supply pipe 52 between the main 
valve 60 and the oxygen mixer 50. 
A means 70 for controllably opening the main valve 

60 includes an electronic control unit, any other suitable 
means may be used to controllably open the main valve 
60 such as an electrical or mechanical device. The elec 
tronic control device is connected to the fuel supply 
pipe 46 and the intake pipe 38. 

Industrial Applicability 
In use and during acceleration, high pressure fuel is 

injected into the combustion chamber 26 by the fuel 
injector 44 at an increased rate. The electronic control 
unit 70 measures air or boost pressure and fuel rate 
simultaneously. If the boost pressure is more than a 
specified level below the normal boost pressure for the 
steady state fuel rate, then the electronic control unit 70 
produces a signal which opens the solenoid 60. By 
opening the solenoid 60, liquid oxygen from the storage 
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tank 56 flows into the oxygen supply pipe 52. Upon 
leaving the storage tank 56, the liquid oxygen is con 
verted to a gaseous state and it flows through the sole 
noid 60 and into the regulator and heat exchanger 64. 
As liquid oxygen is converted to the gaseous state, an 
increase in pressure may occur. For this reason, the heat 
regulator and heat exchanger 64 are incorporated to 
operate in a conventional manner to reduce the pressure 
of the oxygen while assuring that a constant tempera 
ture is maintained during the process. The oxygen re 
mains in the gaseous state as it flows from the regulator 
and heat exchanger 64 through the oxygen supply pipe 
52 and into the oxygen mixer 50. The oxygen mixer 50 
operates in a conventional manner to inject the oxygen 
still in the gaseous state into the intake pipe 38 so that it 
is mixed with the ambient air. When the electronic 
control unit 70 senses that the boost pressure is at a 
normal level for the steady state fuel rate, it sends a 
signal to close the solenoid 60. Once the solenoid 60 is 
closed, liquid oxygen is unable to leave the storage tank 
56. 

In view of the above, it is apparent that the present 
invention provides an improved means to increase the 
Supply of oxygen during acceleration to reduce black 
smoke. The present invention utilizes an oxygen mixer 
for injecting liquid oxygen converted to a gaseous state 
into an intake air pipe providing a simple, economical, 
and space-efficient means to improve fuel/air mixing for 
more efficient combustion and reduction of black 
smoke. 
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I claim: 
1. An oxygen injection system adapted for use with a 

diesel engine including a cylinder block defining a bore 
having a cylinder liner therein defining a cylinder bore, 
a cylinder head attached to the cylinder block in closing 
relation to the cylinder bore, a piston reciprocally 
mounted in the cylinder bore and defining with the 
cylinder block a variable volume combustion chamber, 
and an intake pipe fluidly connected to the combustion 
chamber for communicating ambient air into the com 
bustion chamber during an intake cycle of the engine, 
comprising: 
an oxygen mixer connected to the intake pipe; 
an oxygen supply pipe connected at an end to the 
oxygen mixer; 

a liquified oxygen storage tank connected to the oxy 
gen supply pipe at an opposite end; 

a main valve having a normally closed position and 
an open position disposed within the oxygen supply 
pipe between the oxygen storage tank and the oxy 
gen mixer; 

a regulator and heat exchanger disposed within the 
oxygen supply pipe between the main valve and 
the oxygen mixer; and 

means for controllably opening the main valve under 
predetermined engine operating conditions so that 
liquid oxygen from the oxygen storage tank is con 
verted to a gaseous state and is communicated to 
the oxygen mixer in order to combine with the 
ambient air in the intake pipe. 
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