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ABSTRACT OF THE DISCLOSURE 
This is an apparatus and method for atomizing and 

vaporizing liquids by use of an electric arc discharge or 
plasma within the liquid to be vaporized. It is especially 
adapted for use in connection with hydrocarbon and sim 
ilar liquid fuels for use in internal combustion engines. 
Essentially it involves introduction of a suitable hydro 
carbon fuel into a confined chamber and there Subjecting 
it to an arc discharge or plasma. The extreme pressures 
thus produced are utilized to eject the fuel through suit 
able nozzles, thus producing an extremely fine degree of 
atomization. This process further produces high tempera 
tures which vaporize part of the fuel and thus render it 
ready for immediate combustion. An additional phenome 
non resulting is that of “voltolysis” which comprises a de 
composition or dissociation of the fuels into basic elle 
ments or compounds such as hydrogen and various hydro 
carbon radicals. 

This invention relates to the atomization and vaporiza 
tion of liquids by use of an electric arc discharge Or 
plasma. More particularly it relates to the conditioning of 
hydrocarbon liquids and their injection into an internal 
combustion engine for propulsion purposes, although it is 
not limited to the latter application. 

resent methods of introducing hydrocarbon fuels into a 
burner or engine when the fuel is initially in a liquid 
state is attended by many problems. Usually a high pres 
sure is required to force the liquid fuel into the condition 
ing apparatus and consequently the pumping problems 
are considerable. A suitable apparatus for conditioning 
the fuel, be it through atomization or vaporization, pre 
sents a number of difficult problems. A great number of 
nozzles, carburetors and related 'devices have been made 
to perform this operation but the are all accompanied by 
many disadvantages. One of the greatest of these is that 
existing devices are all quite inflexible and require fre 
quent adjustment and replacement with changes in fuel 
and operating conditions. It is, moreover, exceedingly dif 
ficult to obtain a fine degree of atomization, such as that 
required for eficient combustion without resorting to ex 
tremely high pressures and very complicated nozzle mech 
anisms, the latter being subject to frequent clogging, etc. 

Attempts have been made to overcome the foregoing 
objections by utilization of an auxiliary atomizing fluid 
such as steam or air. In addition to being quite cumber 
some and expensive to operate, such systems have a defi 
nite tendency to decrease the overall efficiency of the proc 
ess, both thermodynamically and mechanically. 
Another very troublesome phenomenon associated with 

all existing forms of solid fuel injection is what is known 
to those skilled in the art as "ignition lag.” The latter 
may be defined as the time of injection of the fuel and 
the time when the fuel starts burning. In a high speed en 
gine this lag must be overcome by a complicated design 
of combustion chamber which increases the cost of the 
engine and reduces its efficiency. 
A primary object of my invention is therefore to pro 

vide a method and apparatus for efficiently and economi 
cally conditioning hydrocarbon fuels for most efficient 
combustion. 
Another object of my invention is to provide a method 
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2 
and apparatus for atomizing hydrocarbon fuels which 
would be more efficient and economical to operate than 
those now in use. 
A still further object of my invention is to provide a 

method and apparatus which will simultaneously atomize 
and vaporize hydrocarbon fuels and overcome the prob 
lem of “ignition lag.” 
A more specific object of my invention is to provide a 

method and apparatus which utilizes a high voltage arc 
discharge or plasma upon a hydrocarbon fuel in a man 
ner to produce unusually effective and efficient atomiza 
tion and vaporization. 

These and other objects will become apparent to those 
skilled in the art from the specification, drawings, and 
the claims which follow. 

I have discovered that if a suitable hydrocarbon fuel 
is introduced into a confined chamber and there subjected 
to an arc discharge or plasma, the extreme pressures which 
are produced may be utilized to eject the fuel through 
Suitable nozzles, producing an extremely fine degree of 
atomization. I have discovered further that the action on 
the fiuid as described above produces high temperatures 
which vaporize part of the fuel and thus are ready for 
immediate combustion. 

I have discovered still further that passage of an arc 
in the manner described above causes decomposition or 
dissociation of the hydrocarbon fuels into basic elements 
or compounds, such as H2, CH4, CH2, etc. 

This phenomenon is what has sometimes been de 
scribed as "voltolysis” by those skilled in the art. (See 
“Voltolysis of Hexane in the Liquid Phase,” A. Maillard 
Bulletin Soc. Chem, France, 1963, “Arc Action on Some 
Liquid Insulating Compounds'; C. J. Rodman, Trans. 
Am. Electrochem. Soc., 1922.) Its effect, together with 
the vaporization effect described above eliminates the 
problem of "ignition lag' and will permit combustion to 
start at once upon injection even at low temperatures ex 
isting in the combustion chamber. The latter eliminates 
the use of elaborate combustion chambers and permits at 
tainment of high efficiency at low compression ratio. I 
have discovered this to be especially advantageous in con 
nection with the starting up of solid fuel injection engines. 
References should now be had to the drawing which rep 
resents a preferred embodiment of my invention shown 
in longitudinal section as applied to the cylinder head 
of an internal combustion engine. 
A part of a cylinder head is shown at into which is 

inserted the Inain body of my device 2. In this embodi 
ment my device is equipped with a flange section 3 which 
makes tight contact against the cylinder head through 
gasket 4 by means of a screwed section 5. These parts 
may be made from steel, cast iron, or other materials 
known to those skilled in the art. 
The interior of the body of my device 2 is equipped 

with a hollow cylindrical section as shown. A cup shaped 
cylindrical bushing 6 which may also be of steel or cast 
iron is slideably positioned inside the cylindrical opening 
in 2. A helical spring 7 is positioned above and in contact 
with the top edge of bushing 6. A spring tension adjusting 
screw 8, having a screwed portion 9 engages with the 
body 2 and provides means for adjusting the tension on 
spring 7. 
An external insulating bushing 10 is tightly positioned 

inside of cup shaped bushing 6 and may be constrained 
against relative movement in bushing 6 by any convenient 
manner not shown. Bushing 0 may be made of any elec 
trical insulating material capable of being machined or 
have threads otherwise formed therein, such as hard rub 
ber, “Pyroceram,” etc. Internal insulating bushing 11 is 
positioned inside external insulating bushing 10 and en 
gages with the latter through a threaded or screwed sec 
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to flow from said chamber and into said combustion 
Space. 

4. An apparatus for treating liquid fuel to achieve im 
proved combustion thereof comprising: 

a closed chamber; 
means for carying the volume of said chamber; 
means for supplying said fuel to said chamber; 
electrodes positioned within said chamber; 
means for varying the space between said electrodes; 
a source of electrical potential; 
means for applying said potential across said electrodes 

to produce an arc therebetween and through said fuel 
in said chamber, thereby creating an increased 
pressure in Said fuel; 

means for releasing said fuel of increased pressure from 
said chamber into a combustion space while simul 
taneously cutting off the supply of said fuel to said 
chamber. 

5. An apparatus for injection of fuel into a combustion 
space comprising: 
a housing of generally cylindrical configuration having 

a hollow cylindrical center section and one blind 
end; 

means for tightly positioning said blind end onto a 
combustion space; 

a firstbushing, having one blind end, slideably mounted 
within said hollow cylindrical section with its blind 
end adjacent to the blind end of said hollow section; 

a second bushing concentrically mounted within said 
first bushing; 

a third bushing concentrically mounted within said 
second bushing so as to define a chamber within said 
second bushing between one end of said third bush 
ing and the blind end of said first bushing; 

said second and third bushings being fixedly positioned 
with respect to said first bushing; 

adjustable spring means positioned against the end of 
said first bushing opposite its blind end whereby said 

0 

15 

20 

25 

30 

35 

6 
first bushing is forced down against the blind end of 
said hollow cylindrical section of said housing; 

a first electrode tightly positioned within said third 
bushing; 

a second electrode tightly positioned within the blind 
end of said housing and protruding through the blind 
end of said third bushing into said chamber in said 
second bushing; 

ports communicating from said chamber through the 
blind ends of said first bushing and said housing and 
into said combustion space; 

said ports being so positioned as to be uncovered 
by the movement of said first bushing against 
said spring means; 

a port communicating from said chamber through said 
second and first bushings and through said housing to 
a source of fuel Supply; 

a difference of electrical potential connected across said 
first and second electrodes. 

6. The apparatus of claim 5 including means for adjust 
ing the axial position of said third bushing with relation 
to said second bushing thereby varying the volume of said 
chamber in said second bushing. 

7. The apparatus of claim 5 including independent 
means for varying the axial position of said first electrode 
with relation to said third bushing. 

8. The apparatus of claim 6 including independent 
means for varying the axial position of said first electrode 
with relation to said third bushing. 
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