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This invention relates to ignition systems and 

in particular to a combined electrical and fuel 
discharge unit for internal combustion engines 
which are adapted to operate on fuel oil or rela 
tively low grade gasolines. This application con 
tains matter which has been derived from ap 
plication, Serial No. 208,236, ?led May 16, 1938. 
In the operation of light duty engines on low 

grade gasolines or of heavy duty engines burning 
low grade fuel oils considerable dif?culty has 
been encountered in the incomplete breaking up 
and conditioning of the fuel for e?icient and 
positive combustion. ‘This incomplete breaking 
up of the fuel results in the presence of free fuel 
in the engine cylinders which usually-accumu 
lates in the engine crank case and excessively 
dilutes the engine lubricating oil. These vari 
ous difliculties are also indicated in engines of 
these types by their high fuel,consumption, in 
ability to operate under heavy load without ex 
cessive smoking or to idle at slow speed without 
jerkiness, and inability to positively start under 
cold weather conditions. 
In the case of Diesel engines which utilize a 

high tension ignition system in their operation, 
these difliculties are evidenced by their inability 
to start on fuel oil; gasoline or the like being 
used for starting purposes. Efforts to overcome 
these difficulties have resulted in complicated 
ignition and fuel systems which have given rela 
tively satisfactory engine operation but which 
have also correspondingly increased the initial 
engine cost and the cost of service maintenance. 

It is an object of this invention, therefore, to 
provide an improved ignition system for inter 
nal combustion engines. , ' 

Another object of this invention is to provide 
an improved electrical and fuel discharge unit 
'for an internal combustion engine which is 
adapted to improve the operation of the engine. 
Yet another object of this invention is to pro 

vide an electrical and fuel discharge unit for an 
internal combustion engine which electrically 
creates turbulence‘, ozonization and ionization of 
the air and fuel mixture in such engine, whereby 
to improve the operating e?iciency thereof. 
A further object of this invention is to pro 

vide an improved electrical and fuel discharge 
unit which eliminates the very small fuel ori?ces 
generally required in fuel injection nozzles of 
high pressure type whereby to reduce manufac 
tll'illg and servicing costs to a minimum. 
A still further object of this invention is to 

provide an improved electrical and fuel discharge 
unit for an internal combustion engine, in which 
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the fuel is admitted into the engine cylinder at 
low_ pressure and electrically conditioned for ef 
ficient combustion by an intimate and relatively 
prolonged contact with the electrical discharge. 
Yet another ‘object of this invention is to pro 

vide for the starting of combustion in the cylin 
der-of an internal combustion engine having an 
electrical discharge path therein, by controlling 
the resistance in such path to obtain a discharge 
excitation of a predetermined degree. .‘ 
A feature of this invention is the provision of 

an electrical and fuel discharge unit for an in 
ternal combustion engine which is adapted to 
electrostatically charge the fuel mixture in the 
engine cylinder and to direct the electrical charge 
in a direction such as to provide for a maximum 
turbulence of the fuel mixture in the engine cyl 
inder in accordance with any particular en 
gine head and piston design. ' - 

A particular feature of this invention is th 
provision. of an electrical and fuel discharge 
unit for an internal combustion engine which 
operates to electrostatically charge the fuel in 
.the cylinder of such engine, the fuel being ad 
mitted into the engine cylinder through the dis 
charge electrode of such unit to provide for its 
intimate contact with and maximum ionization 
by theelectrostatic discharge therefrom. - 
Further objects, advantages and features of - 

this invention will be apparent from the follow 
ing description-when taken in connection with 
the accompanying drawings in which: 
Fig. 1 illustrates in schematic form an ignition 

system embodying the improved electrical and 
fuel discharge unit of this invention; 

Fig. 2 is illustrated similarly to Fig. 1 and 
shows an engine piston in'coacting relation with 
the discharge electrode of the; improved unit to 
form a complete discharge path; 

Fig. 3 illustrates schematically an electrical 
system wherein 'two coil systems and a corre 
sponding improved electrical and fuel discharge 
unit and spark.plug are provided to assure a 
proper conditioning and ignition of the fuel mix 
ture in each cylinder of an engine; 

Fig. 4 shows the electrical and fuel discharge 
unit of Figs. 1, 2, and 3, with a plurality‘ of fuel 
outlets at the end of the discharge electrode; _ 

Figs. 5 and 6 illustrate somewhat schematical 
‘ly modi?ed forms of the electrical and» fuel dis-’ 
charge unit of Fig. 1, with Fig. 6 being a frag 
mentary showing; . 

Fig. '7 is illustrated similarly to vFig. 1 and 
shows a ground electrode arranged in a spaced 
relation with respect to the discharge electrode 



2 
of the improved unit to form a discharge path 
of a de?ned length, and 

Fig. 8 is a fragmentary sectional view of the 
unit of Fig. 5 showing the arrangement thereon 
of a discharge path of a de?ned length. 

Referring to the drawings, similar numerals of 
reference designate similar parts throughout the 
various views. In Fig. 1 there is illustrated as 
one means of excitation for use with the electri 
cal and fuel discharge unit of this invention, a 
high frequency battery system such as is de 
scribed in-application, Serial No. 208,236, filed 
May _16, 1938, and comprising a storage battery 
l0, generator II for the battery, ignition switch 
12, and timer contacts l5 and I‘! which coact 
with a breaker cam 18 for moving the contact l1 
to make and break the ignition circuit. The coil 
circuit is a high frequency circuit including a 
kick coil l3 and a high frequency coil including 
a primary l4 appropriately connected into a cir 
cuit with the condenser I8 and timer points 15 
and I‘! to provide a high frequency oscillating 
circuit. The condenser ‘I6 is connected between 
the primary M of the high frequency coil and 
the ground to complete the high frequency cir 
cuit. The coil I3 is formed with a single wind 
ing and an iron core and may be described as 
a self inducing transformer with a high im 
pedance which takes its maximum current at 
very slow speed of the engine such as may be 
provided in starting the engine, and this of 
course improves the normal starting of the en 
gine. The e?ectiveness of the coil l3 decreases 
somewhat as the engine speed increases. A sec 
ondary winding l9 for the high frequency coil is 
connected in series with the primary l4, the 
condenser 16 and with the electrical and fuel dis 
charge unit 2| to form another high frequency 
oscillating circuit. The kick coil l3 serves to 
step up or boost the voltage in the primary of 
the high frequency coil to thereby provide a 
much greater output from the secondary l9 which 
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is connected to the unit 2| providing a secondary ‘ 
discharge electrode. 
The unit 2 I includes an insulator body 22 hav- 3 

ing a single hollow tubular discharge electrode 
23 supported centrally and longitudinally there 
of. A terminal 24 near the top of the electrode 
receives a lead from a distributor 26. Two metal 
retaining glands or collars 21 and 28 are pro 
vided in the usual manner, the gland 28 for sup 
porting the unit in the cylinder head 29 of an 
internal combustion engine and the gland 21 
for tightening the unit in its supported position. 
The top of the electrode 23 is connected with a 
fuel supply line 3| from a fuel pump 32, so that 
fuel is admitted into the engine cylinder through 
the discharge electrode. 
As is well known, the usual spark plug is pro 

vided with a second electrode mounted on a 
shell or gland corresponding to the shell 28 and 
formed in a manner to provide a secondary spark 
gap with a center electrode in an insulator. The 
engine itself is grounded so that the battery cir 
cuit return is » accomplished through common 
ground connections for the battery and engine. 
The usual second electrode is therefore connected 
to the ground, and the spark discharge in the 
complete ignition circuit through the battery 
passes across the gap provided by such two elec 
trodes. In the system of Fig. 1, however, there 
is no second discharge electrode and the insula 
tor 22 and the single discharge electrode 23 are 
of such dimensions that the exposed end 33 of 
the electrode 23 is spaced as far away as possible 
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from the bottom of the shell 28 and the cylinder 
‘head 29 as mechanical and insulation limitations 
in the material and con?guration of these ele 
ments will permit. ‘ Where the normal gap set 
ting for the spark plug in an ignition system of 
the prior art is approximately .018 inch par 
ticularly for heavy duty engines, there is no limi- - 
tation in the length of the discharge path at 
the electrode end 33 so far as obtaining the de 
sired results of the invention is concerned, except 
in the mechanical and insulation limitations in 
the design of the electrode and the engine. 
In the operation of the electrical system of 

Fig. 1 it was found that turbulence and agita 
tion of the fuel mixture was produced electro— 
statically with either high potential D. C. or A. C. 
.or a. combination of both, the fuel being electro 
statically charged by its passage through the zone 
of intense electrostatic ?ux at the end 33 of the ‘ 
discharge electrode 23. A maximum charging of 
the fuel, therefore, occurs when the fuel travels 
in the zone of intense electrostatic ?ux for the 
longest possible period of time. This is'accom 
plished in the present invention by passing the 
fuel through the hollow electrode 23 for injection 
into the cylinder, so that all of the fuel for com 
bustion passes through the zone of intense elec 
trostatic flux at the electrode end 33. The elec 
trical charging of the fuel in this manner as 
sures a high degree of fuel'ionization and conse 
quent fuel agitation by the electrostatic dis 
charge. One theory as to this action of the elec 
trostatic discharge on the fuel is that a high 
potential source of D. C. serves to electrically 
charge the air and fuel particles with like 
polarity, so that these particles are evenly spaced 
in ‘a somewhat suspended state within the en 
gine cylinder. When a high potential A. C. is 
used in the electrical system it appears that the 
fuel particles are charged with unlike polarities _ 
to effect a repelling and attracting action between 
the particles and hence a high turbulence of the 
mixture within the cylinder. Where a combina 
tio of 0th A. C. ‘and D. C. is used both of the 
above described actions of the fuel particles are 
present to a degree corresponding to the propor 
tional amounts of high potential D. C. and A. C. 
used in the system. 
When using A. 0., good results were obtained 

with a frequency of between 100 and 1500 kilo 
cycles and an operating voltage of from 5000 to 
50,000 volts. Most satisfactory engine operation, 
however, was obtained with a frequency of ap 
proximately 500 kilocycles and an output of ap 
proximately 30,000 volts. Due to the high ve 
locity of the electrical discharge at the electrode 
end 33 the air and fuel mixture in the engine cyl 
inder is highly agitated, which agitation is even . 
greater than that which can be obtained by a 
mechanical agitation or turbulence of the air and 
fuel mixture. In an internal combustion engine 
of the solid injection type, this improved agita 
tion is apparent in a material-1y‘ reduced idling 
speed .of the engine. For instance, in one appli 
cation of the invention, a heavy-duty engine of 
solid injection type was operated from cold start ' 
entirely on fuel oil while gasoline was required for 
starting purposes with any other‘ignition system 
and mechanically created turbulence. Also, with 
this one application the engine idled ‘smoothly at 
an R. P. M. which was approximately 1/; ‘of that 
previously obtained with other high tension ig 
nition systems and fuel discharge ‘units’. Since 
the minimum idling speed of this heavy ‘duty en 
gine with the usual ignition'and injectionsys 
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tems was approximately only 1/2 of its maximum 
speed, it is readily apparent that the improved 
idling speed accomplished by the improved elec 
trical and fuel discharge unit 2! effected an ap 
preciable saving in the fuel consumed during 
idling periods. The inability of engines of this 
type to idle slowly with the conventional systems 
is largely due to the reduction in the fuel injec 
tion pressure, which pressure at idling speeds falls 
below a value which is su?icient to properly atom 
ize the fuel for efficient combustion. Thus ‘at 
the present time it is necessary to provide rather 
complicated and expensive fuel injection systems 
for injecting the fuel into the cylinder under 
pressures as high as 4000 pounds per square inch 
to supplement the engine head design itself in 
the obtaining of a desired turbulence for fuel 
and air mixing. During the above noted idling 
tests, the fuel passing through the electrode 23 
was of substantially droplet form so that it prac 
tically dribbled into the cylinder. Even with this 
low fuel pressure the engine operating results 
were much improved over those found when using 
a conventional ignition system and fuel pressures 
of several thousand pounds. Also with the unit 
2| all smoking and objectionable exhaust odors 
under heavy load were substantially eliminated 
and at full load a much leaner fuel mixture was 
used without in any way affecting the power rat 
ing of the engine. - 

In the operation of the unit 2| let it be assumed 
that the engine is of two-cycle type, and that fuel 
is injected into the cylinder through the elec 
trode 23 at some predetermined time during the 
compression stroke of the piston. In this in 
stance the distributor 26 can be eliminated from 
the electrical system so that the electrode 23 is 
continuously excited on closing of the ignition 
switch I2. The fuel admitted into the engine 
cylinder for combustion is thus immediately ion 
ized and agitated by the electrical discharge from 
the electrode end 33. This fuel and the fuel en 
tering the cylinder is continuously charged 
throughout the fuel injection period, which ter 
minates shortly before peak compression has 
been reached in the engine cylinder. Since the 
fuel particles ionized by the discharge electrode 
23 becomes more concentrated as the piston moves 
upward, the agitation and also the ionization of 
the particles becomes correspondingly greater by 
virtue of their being more closely packed or 
grouped about the electrode 23. Actual ignition 
or burning of the fuel mixture occurs at sub 
stantially the top dead center position of the pis 
ton, the timing of this ignition being dependent - 
upon the intensity of excitation of the‘electrical 
discharge, as will be later explained. The elec'~ 
trostatic discharge acting upon the fuel, how 
ever, not only agitates the fuel for a more thor 
ough mixing with the air in the engine cylinder, 
but also serves to electrically condition the air 
and fuel into a more readily combustible mix 
ture without the necessity of ?rst ?nely atomizing 
the fuel. A low pressure fuel pump can thus be 
used, which need furnish only such pressure as 
will inject the fuel into the cylinder against the 
compression pressure therein. In engines of 
Diesel type, this compression pressure may be 
about 300 to 500 pounds per square inch. The 
pumps presently used in these engines operate 
with pressures of from 2000 to 4000 pounds per 
square inch due to the necessity of atomizing the 
fuel by mechanical means to assure it being thor 
oughly mixed with the air in the engine cylinder. 
The turbulence and ionization of the combustible 
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mixture as accomplished by the electrical dis 
charge unit 2|, therefore, eliminates the re 
quirement for high fuel pressures and further 
eliminates a separate fuel injection nozzle, since 
the unit combines both the electrical discharge 
and fuel injection means in a manner to pro 
vide for a proper conditioning of the air and vfuel ‘ ' 
for combustion purposes. Also the electrical dis- - 
charge at the end 33 of the electrode serves to 
keep such end from becoming dirty or carbon 
izing so that the fuel opening in the electrode is 
always clean. Clogging of the opening and the 
resultant operating and servicing difliculties are 
thus entirely eliminated. _ ' v ' 

when .the unit 2| is used with a four-cycle 
engine, the‘ distributor 26 is arranged in the elec 
trical circuit to stop the excitation’ of the electrode 
23 substantially concurrently with the ignition of 

trode being closed at ‘the start of the intake 
stroke of the piston. Apart from this function of 
the distributor 28 the operation of the unit 2| 
with a four-cycle engine is the same as that above ‘ 
described in connection with a two-cycle engine. 

It has been mentioned that the occurrence of 
combustion in the engine cylinder is dependent 
upon the intensity of the electrical discharge. 
Where a single electrode is excited in a com 
pletely insulated space, it is. well known that a ' 
brush discharge is emitted therefrom, which does 
not follow a de?ned discharge path, but which 
is gradually dissipated as itprogresses further 
away fromv the electrode. In the operation of an 
engine, however, it is practically impossible to > 
have the engine cylinder completely insulated, 
since the electrical discharge always flows to some 
capacity ground such as the head or block of 
the engine. A single electrode used in an en 
gine cylinder, may, therefore, give four ‘or ?ve 
discharge paths to various parts of the engine 
block. In controlling the start of combustion by 
excitation, the intensity of excitation of the elec-’ 
trical discharge across the discharge path is de 
termined by the voltage input at the electrode, 
the resistance in the discharge path and the size 
of the combustion space. In other words, when 
an electrical discharge ?rst starts to ?ow from. 
the electrode to a portion of the engine block, 
this necessarily does not mean that the discharge 
is of su?icient intensity to effect ignition. Thus 
where the voltage input is constant the excita 
tion is controlled by a variation in the resist 
ance in the discharge path, or where this resist 
ance is constant by an increase in the voltage 
input. In the efficient operation of the electri 
cal and fuel discharge unit 2|, a visible spark, 
therefore, is not necessary to accomplish e?icient 
combustion. In ‘other words, the charging of the 
fuel by the electrical discharge may be su?i 
ciently intense to start ignition, and a visible ' 
spark be apparent only after the fuel has already _ 
been ignited. This occurrence of the spark after 
ignition is due to the fact that the resistance 
in the discharge path between the discharge elec- 
trode and the ground capacity is reduced suffi 
ciently by the occurrence of combustion to per 
mit an arc to pass from the electrode to the 
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ground.‘ 
In all cases of engine operation, whether this 

operation is on light or heavy fuels,.1the ignition 
of the fuel can be started‘ by the degree of ex 
citation alone of the fuel. Thus assume that a 
heavy fuel is being used andthat an input of 
100,000 volts is necessary at thedischarge elec 
trode 23 to sufficiently excite the fuel for ignition. 
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If the mechanical limitations, relative to insula 
tion, are such that this heavy potential cannot be 
used in the engine, then, of course, changes must 
be made to ignite the fuel with a lower voltage 
input. This change, as above noted, might in 
clude a reduction in the space to be charged, 
namely, the combustion chamber, so that the 
excitation at a lower input is more concentrated 
in said space, .and an actual arc might occur at 
this lower input. Also a spark at a lower input 
can be obtained by varying the resistance of the 
discharge path. However, whenever it is possi 
ble to get insulation characteristics such that a 
high potential can be used, ignition of the fuel 
can be started alone by the excitation thereof. 
It is known, of course, that heavier fuels are more 
di?icult to ignite than lighter fuels, and for this 
reason the heavier fuels generally require a higher 
potential than the lighter fuels. However, since 
the charging of the fuel particles admitted into 
the engine cylinder serves to reduce the resist 
ance in the discharge path of the discharge elec 
trode 23, the excitation across this path becomes 
progressively more intense as the resistance of 
the path is progressively decreased by the pack 
ing of the fuel particles therein; this packing 
resulting from the usual operation of the engine . 
piston. For a certain type engine operating on 
a particular grade of fuel, therefore, sufficient 
adjustment is possible in the electrical discharge 
system and engine construction to provide for 
the ignition of fuel either through the occurrence 
of an actual spark or through a predetermined 
intensity of fuel excitation alone. 
Although combustion is started equally well 

either from a spark or from the intensity ‘of the 
electrical discharge, it has been found that a 
more e?‘lcient and complete burning of the fuel 
is obtained when intensity of excitation is uti 
lized for starting combustion. As a by-product 
of the electro-static discharge at the electrode 
end 33 there is a substantial generation of ozone. 
The maximum ozone generation appears to cor 
respond to' the most desired frequency of dis 
charge, namely, approximately 500 kilocycles. 
The generation of ozone with a frequency below 
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come necessary to use a spark'plug and hence a 
second energizing circuit which is adapted to time 
the ignition of the fuel in the engine. ' Such a 
system is shown in Fig. 3 in which the unit 2| 
is used to condition the fuel mixture only and 
is connected into a high frequency circuit or other 
high potential source identical with that illus 
trated in Fig. 1 previously described. The fuel is 
ignited by a spark at a spark plug 34 which is 
connected into an ignition circuit which includes 
an ignition coil 36 energized from the storage 
battery l0 common to the‘ high frequency circuit. 
A second timer unit with contacts l5’ and I1’ 
and a breaker I8‘ is connected into the ignition _ 
circuit and normally timed so that the igniting 
spark occurs ‘slightly later than the electro-‘static 
discharge from the unit 2|. In this manner tur 
bulence and ionization of the fuel and ozone gen 
eration precedes the occurrence of the spark, so 
that the fuel mixture is completely conditioned 
before it is ignited. 
With a single fuel ori?ce in the electrode end 

33 the electro-static discharge tends to follow a 
direction substantially parallel to the longitudinal 
axis of the electrode 23. However, the con?gura 
tion of the electrode end 33 can be such as to 

- direct the electro-static discharge in any desired 
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100 kilocycles is negligible and it appears that a 
there is a diminution of sufficient ozone genera 
tion above 1500 kilocycles. However, a substan 
tial decrease in this generation of ozone has been 
found to occur when spark ignition is used as 
compared to ignition by intensity of excitation, 
by virtue of the fact that the sparktends to de 
stroy or reduce the inherent capabilities of the 
ozone to support combustion. Thus in experi 
ments in an open room and utilizing a spark 
jumping across an external gap, the odor of the ' 
ozone could be detected only in the immediate 
proximity 'of the spark.’ However, when the gap 
was extended so that a visible spark did not oc 
cur across the discharge path, the odor of the 
ozone could be detected at considerable distances 
from the discharge path almost immediately on 
the excitation thereof. Since the ozone gener 
ated as a result of the electro-static discharge 
acts upon the combustible fuel within the engine 
cylinder to oxidize the same and to make such 
fuel more highly combustible, it is, of course, 
more desirable to generate as much ozone as 
possible and to retain such ozone in its most 
active state. 
In some instances, such as in the absence of 

such intensity of the electro-static ?ux as will 
cause combustion, due to insulation or mechani 
cal limitations in the engine design, it might be 
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direction in correspondence with a particular en-. 
gine design. Thus as is shown in Fig. 4, the end 
33 of the electrode 2|’ may be closed and formed 
with apertures 31. Since-the fuel itself has con 
ductive characteristics, the electrostatic dis 
charge tends to follow the path of fuel flow so, 
that the electrostatic ?ux appears to be more in- 
tense at the apertures 31 whereby to provide for 
a high charging of the fuel passing therethrough. 
The fuel is thus injected into the cylinder in, a 
somewhat spray form without in any way affect 
ing the extent of fuel ionization and agitation by 
the electro-static discharge. 
Further directioning of the electrically charged 

fuel in the engine cylinder can be obtained by 
the modi?ed forms of the unit 21- shown in Figs. 5 
and 6. Referring to Fig. 5, the unit 38 is seen to 
include a hollow insulator body 39 having a dis 
charge electrode 4| extending longitudinally 
therethrou'gh, the electrode being maintained in 
.the insulator by threaded engagement therewith 
as at 42. The unit 38 is maintained in the cyl 
inder head 29 by a mounting collar 43 thread 
ably secured in the head and a holding gland 44. 
The chamber 46 formed about the electrode 4| 
is provided with an inlet 41 for receiving fuel 
from a suitable supply source (not shown). After 
passing about the electrode and through the 
‘chamber 46 the fuel is injected into the engine 
cylinder through a ring-like ori?ce 48 which is 
formed at the lower end of the unit 38 between 
a differential spring valve 49 and the insulator 
42, as is clearly shown. The valve 49 is of sub 
stantially mushroom shape and has its leg portion 
suitably mounted in the lower end of the elec 
trode 4|, the dome portionthereof being in a cov 
ering relation with respect to the ori?ce 48. The 
valve 49 is opened in response to the fuel pres 
sures occurring in the chamber 46, the upper edge 
of the ‘dome portion being formed with serrations 
5i. Since the electrostatic flux tends to be more 
intense at point or corner formations, the fuel 
passing through the ori?ce 48 is contacted by a 
plurality of electro-static discharges of high in 
tensity as it passes from the ori?ce across the 
serrations 5|, with the direction of the electro 
static discharge being upwardly and about the 
lower portion of the insulator 39. The fuel is 
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properly conditioning the fuel for combustion, . thus thoroughly ionized and agitated prior to its 
passage into the engine cylinder, with the zone of 
heavy fuel charging being also about'the insula 
tor 39. ' ’ 

Referring to Fig. 6 the electrical and fuel dis 
charge unit 5|’ is seen to comprise a hollow in 
sulator 52 of tubular form, and a discharge elec 
trode 53 axially arranged within the insulator but 
spaced therefrom to form a fuel chamber 54. 
Fuel is admitted into the chamber 54 by any suit 
able means, in a manner'similar to that illus 
trated for the chamber 46 in Fig. 5. The cylinder 
end 56 of the insulator 52 is of substantially ball 
or dome shape and is formed with radially ex~ 
tending apertures or fuel orifices 51. The end 58 
of the electrode is of arcuate contour correspond 
ing to the shape of the domed end 56 and is pro 
vided with radially extending projections 59 
which correspond to and are in alignment with 
the fuel ori?ces 51. On excitation of the dis 
charge electrode 53, therefore, the electrical dis 
charge at the points or projections 59 both 
charges the fuel passing through the ori?ces and 
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ejects such fuel at high velocity through the ori- , 
?ces and into the engine cylinder, By virtue of 
the fact that the electrical discharge imparts the 
ejection velocity to the fuel particles a. very low 
pressure fuel pump may be used to'supply fuel 
to the chamber 54. It is apparent, of course, that 
the directioning'of the fuel may be changed to 
other than the radial discharge shown, merely 
by changing the location of the apertures 51 and 
the corresponding projections 59 on the discharge 
electrode. 
The electrical system and discharge unit 2| 

illustrated in Fig. 2 are similar to the system and 
unit 2| of Fig. 1. However Fig. 2 includes fur 
ther a. piston° 60 which is arranged in operative 
association with a cylinder 6| for the head 29. 
As previously mentioned in connection with Fig. 1, 
the intensity of the excitation of the fuel par 
ticles increases as the engine piston approaches 
its top dead center position because of the in 
crease in excitation for a given space. With only 
relatively pure air in the engine cylinder the dis 
charge path between the electrode end 33 and 
the nearest metal ground may have a ‘resistance 
such as to prevent a discharge flow of su?icient 
intensity to effect ignition to pass from the elec 
trode to the ground. However, if the resistance 
of the path is lowered, as by increasing the 
amount of charged fuel therein, a point is' 
reached whereby the resistance is no longer sum 
cient to prevent an intense electro-static dis 
charge ?ow from traveling across the entire path 
between the electrodes and the resultant excita 
tion of the mixture in the path is suf?cient to 
effect combustion. The ground electrode coact 
ing with the electrode 23 to form a discharge path 
may be a part of either the engine block or the 
piston 60. In the utilization of the piston 60 as 
the ground electrode, the discharge path, between 
the electrode 23 and the piston decreases in 
length concurrently with an increase in the ion 
ization of the fuel discharge path as the piston 
approaches its top dead center position. Since 
the mixture in the discharge path at this time 
is at maximum excitation, combustion occurs in 
the engine cylinder. The degree of excitation 
of the fuel mixture is thus utilized to start igni 
tion; the timing of ignition for any particular 
engine condition being simply determined by 
varying the degree of excitation in the discharge 
path. In this manner, the unit 2| serves not 
only as an electrical and fuel discharge unit for 
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but also as -a means which, in conjunction with 
the piston 60, times the start of ignition or com 
bustion. When the system is operated in this 
manner the distributor 26 and cam l8 operate 
only to provide for an electrical discharge from 
the unit 2| ,in correspondence with the fuel ad‘ _ 
mission into the ‘cylinder and are not adjusted 
relative‘ to the cycle position of the piston to 
provide for any timing of the ignition. _ 

- A timing of the ignition by increasing the con 
ductivity and hence excitation of the .discharge 
path may also be accomplished by the'unit 2| in 
conjunction with a stationary ground electrode 
such as that shown at 62 in Fig. 7, the electrode. 
62 being secured in, the metal holding gland 28/ 
In adjusting the length of the discharge path 
between the electrodes 23 and 62 the end 33 of the 
electrode 23 18 positioned a distance away from 
the electrode 62 such that when the engine piston 
is atv topv dead center and with only'relatively 
pure air under pressure in the cylinder 6|, only a 
small electrical?ow occurs between the electrodes 
or between the electrode 23 and any adjacent 
metal part of the engine. However, upon the 
admission of fuel in the cylinder during engine 
operation the resistance of the path is lowered 
sufficiently by the fuel to permit a heavy elec 
trical discharge to ?ow from ‘the electrode end 
33 to the electrode 62 which degree of excita 
tion‘ is sufficient to ignite the fuel. 
The electrical and fuel discharge units 2|’, 

3B and 56 of Figs. 4,5, and 6, respectively, may 
be similarly operated in conjunction 'with their 
respective stationary ground electrodes. Thus ‘in 
Fig. 4 a ground electrode 63 is secured in the 
metal holding gland 28 the discharge path being 
measured between the electrode 63 and the aper 
ture 31 at the extreme end 33 of the electrode 23. 
It has been found that a concentration of elec 
tro-static ?ux su?icient for igniting purposes 
tends to beemitted from the edges of the above 
noted aperture.‘ The ground electrode for the 
unit 38 in Fig. 5 is formed by extending the metal 
cap 43 downwardly about the insulator body 
portion 39 so that the ends 64 of the cap (Fig; 
8) are near the serrations 5| formed on the dif- > 
ferential spring valve 49. Since each serration 
5| is a source of intense electro-static discharge 
the discharge ?ow occurs between one of they ser 
rations and the nearest adjacentportion of the 
cap extension 64. With reference to Fig.6 the 
ground electrode 66 is connected to the gland 
43. Since the intensity of the electro-static dis 
charge from the electrode 53 appears to be equal 
at either of the apertures 51 the discharge path 
may be measured from one of such apertures 
to the ground 66'. It is thus seen that all of the 
above described electrical and fuel discharge 
units are readily applicable not only to provide 
for an increased agitation and ionization of the 
fuel for e?icient combustion purposes, but also 
tov provide for a change in the conductive char 
acteristics of the discharge path so that the oc 
curence of ignition may be the result of either 
an actual spark across the path or by excitation I 
of the mixture in the path to a predetermined 

The invention thus provides an improved elec 
trical and fuel discharge unit in which the dis 
charge electrode is arranged in intimate contact 
with the fuel prior to its admission into the en 
gine cylinder. By virtue of this arrangement all 
of the fuel is passed for a maximum period of 
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time through a zone of intense eléctro-static 
flux so as to be highly charged prior to its pas 
sage into the engine cylinder. Since the unit 
also operates to generate ozone in su?icient 
quantities to completely oxidize-the combustible 
mixture there is provided a maximum condition 
ing of the mixture for ef?cient burning and a 
consequent improved operation of the engine. 
In conjunction with. this conditioning of the 
mixture the fuel is also atomized by the action 
thereon of the intense electro-static charge at 
the discharge end of the electrode so that the 
need' for a high pressure fuel pump to atomize 
the fuel is entirely eliminated. The fuel pump, 
therefore, has only to be capable of developing a 
pressure su?icient to overcome the pressure in 
the engine cylinder. The invention provides 
further for the variation in the resistivity of the 
discharge path in the engine cylinder by the fuel 
mixture so that the fuel is utilized directly in 
providing for the timing of ignition. 

It is to be understood that only preferred em 
bodiments of the present invention have been il 
lustrated and described herein and that altera 
tions thereof can be made which are within the 
scope of the invention as de?ned by the append 
ed claims. - 

I claim: . 
1. A fuel and electrical discharge unit in an 

ignition system for an internal combustion en 
gine having a cylinder with a pressure therein, 
said unit including an insulating portion, and an 
electrode portion, with one of said two portions 
having a passage therein for the projection of 
fuel therethrough into said cylinder, means for 
injecting fuel into said cylinder against the pres 
sure therein, said electrode portion extending 
through said insulating portion and having an 
extension at one end thereof for ejecting an 
electro-static discharge therefrom into said cyl 
inder, said extension being so positioned with re 
spect to said fuel passage that liquid fuel dis 
charged from said passage into said cylinder is 

‘ in intimate contact with the electro-static dis 
charge from said electrode extension, with said 
electro-static discharge atomizing the fuel en 
tering said cylinder. - 

2. A fuel- nozzle for positioning within a cylin 
der of an internal combustion engine including 
an insulator element and an electrode element, 
said cylinder having a pressure therein, with one 
of said elements having a passage therein for the 
projection of fuel therethrough into said cylin 
der, means for injecting fuel into said cylinder 
against said pressure, said electrode element hav 
ing a portion thereof adapted to direct an elec 
~tro-static discharge therefrom into the fuel leav 
ing said passage to atomize the same. 

3. Means for creating electrical turbulence in 
the air and fuel mixture in an internal combus 
tion engine having a cylinder, said means in 
cluding a high potential electrical system, and a 
discharge unit adapted for mounting in said 
cylinder connected into said system, said unit in 
cluding an insulator element and an electrode 
element, with one of said two elements having 
a passage therein for the projection of fuel there 
through into said cylinder, means for injecting 
fuel into said cylinder through said passage, said 
electrode element having a portion thereof 
adapted to direct an electro-static discharge into 
the fuel leaving said passage to agitate the same. 

4. An electrical circuit of high potential for an 
internal combustion engine having a cylinder 
and a piston normally connected to ground by 
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said engine and operable in said cylinder, said 
circuit including a fuel discharge unit mounted 
in said cylinder and having a fixed electrode, 
with said piston acting as a ground to form an 
electrical discharge path in said cylinder with 
said ?xed electrode, a fuel passage in said unit, 
said ?xed electrode having a portion thereof 
adapted to direct an electro-static discharge 
therefrom into the fuel leaving said passage, with 
the electrical output from said circuit at said 
?xed electrode portion being such as to ionize‘ 
the fuel between said ?xed electrode and piston 
to vary the resistance of said electrical discharge 
path, such ionization of the fuel when the piston 
is at a substantially top dead center position pro 
viding for the ?ow of an electrical discharge 
across said discharge path of su??cient intensity 
to effect combustion of said fuel. 

5. In a high potential electrical system for an 
internal combustion engine having a cylinder 
and a piston normally connected to ground by 
said engine and operable in said cylinder, the 
combination of an electrical discharge unit 
mounted in said cylinder and including a ?xed 
electrode electrically connected in said system, 
with said piston acting as a ground to form a dis 
charge path in said cylinder with said ?xed elec 
trode, and means forinjecting fuel into said cyl 
inder at said discharge path, said ?xed electrode 
having a portion arranged to direct an electro 
static discharge therefrom into intimate contact _ 
with the fuel entering said cylinder, with the 
electro-static discharge from said ?xed electrode 
portion ionizing the injected fuel to vary the re- ' 
sistance of said discharge path, the resistance 
being such that when the piston is at a substan- , / 
tially top dead center position, the intensity of 
the electrical discharge across said discharge 
path is sufficient to effect the combgdstion of said 
fuel. 

6. A method of igniting a combustible mix 
ture at predetermined time intervals in the cyl 
inder of an internal combustion engine having 
an electrical discharge path therein, which com 
prises directing an electro-static discharge from 
a high potential source into said mixture at said 
discharge path, generating ozone in said cylinder 
in a quantity sufficient to oxidize said mixture, 
and igniting said mixture by the timed occurrence 
of a predetermined excitation of the mixture at 
said discharge path. 

7. A method of igniting a combustible mixture 
at predetermined time intervals in the cylinder 
of an internal combustion engine having a spark 
gap therein, which comprises directing an electro 
static discharge from a source of high potential 
into said mixture to agitate and ionize the mix 
ture, and igniting said mixture by a spark, the 
timed occurrence of which is controlled by the 
intensity of the electrical charge in the ‘mixture 
at said spark gap. . 

8. A method of igniting a combustible mixture 
at predetermined time intervals in the cylinder 
of an internal combustion engine having an elec 
trical discharge path therein, which comprises 
directing an electro-static discharge from a high 
potential source into said mixture at said dis 
charge path, and igniting said mixturev by the ~ 
timed occurrence of a predetermined excitation 
of the mixture at said discharge path. 

9. A method of burning a combustible’ mixture 
at predetermined time intervals in an internal 
combustion engine having a cylinder with an elec 
trical discharge path therein and a piston oper 
atively associated with said cylinder, which com 
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prises electrically conditioning the mixture in 
said cylinder by an ele'ctro-static charging there 
of, and compressing said electrically conditioned 
mixture with said piston until the electrical dis 
charge across said path is of sufllcient intensity 
to burn said mixture. ' 

10. Means for creating electrical turbulence in 
the fuel mixture for an internal combustion en 
gine having a cylinder, said means including an 
electrical ignition system having a discharge unit 
electrically connected therein, said discharge unit 
including an insulator portion mounted on said 
engine and extending toward the inside of said 
cylinder, an electrode portion supported in said 
insulator portion and adapted to project an elec 
trostatic discharge from the cylinder end thereof, 
with one of said two portions having a passage 
therein for the projection of fuel therethrough 
into said cylinder, and means for projecting fuel 
through said passage, with said passage and the 
cylinder end of said electrode portion being in 

' into said cylinder, the electro-static charge from ' ' 

inder end thereof, the cylinder end of said elec 
trode being formed with a plurality 'of apertures, 
means for injecting fuel through said apertures 

said electrode being most intense at said aper 
tures to agitate and electrically condition the 
fuel passing therethrough for efficient combus 
tion in the engine cylinder. Y ' 

15. An electrical and fuel discharge unit for an 
internal combustion engine having a cylinder 
with a pressure therein, said unit including an _ I 
insulator portion with a chamber therein mount- . 
ed on said engine and extending into said cylin 
der, arr-electrode portion supported in said in 
sulator portion‘ and‘ extending through said. 
chamber into said cylinder, said chamber serv 
ing as a fuel passage and having a ‘fuel outlet at 
‘the cylinder end thereof, means for supplying 

. fuel to said fuel passage at a maximum pressure 
20 

such position with respect to one another that'the ‘ 
fuel discharged from said passage into said cyl 
inder is in intimate contact’, with the electro 
static discharge from said electrode portion so as 
to be atomized thereby. 

11. Means for agitating a combustible liquid 
fuel including an electrical discharge unit having 
a liquid fuel passage therethrough, electro-static 
discharge means in said unit, with said fuel pas 
sage and said electro-static discharge means in 
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said unit being so positioned with respect to one _ 
another that liquidfuel discharged from said 
passage is intimately mixed with an electro-static 
discharge from said electro-static discharge 
means to agitate and electrically condition said 
fuel mixture to promote the combustion thereof. 

12. An electrical system for aninternal com 
bustion engine including in combination a low 
voltage source, and a high-frequency circuit 40 
common to said low-voltage source and including ' 
therein a discharge unit, said discharge unit in 
cluding an insulator portion mounted on said 
engine and extending toward the inside of the 
engine cylinder, an electrode portion supported 
in said insulator portion and adapted to project 
an electro-static discharge from the cylinder end 
thereof, with one of said two portions having a 
passage for the projection of fuel therethrough 
into said cylinder, said electrode being positioned 
relative to said passage to direct an electro-static 
discharge into the fuel therefrom for creating 
turbulence of the fuel within the engine cylinder, 
and means for igniting said fuel mixture including 
a low-frequency circuit common to said low-volt 
age source and including a spark plug connected 
into said low-frequency circuit. 

13. A fuel discharge unit for an internal com 
bustion engine having a cylinder, including an 
insulator portion mounted on said cylinder, a 
hollow electrode portion supported in said insu 
lator portion and adapted to project an electro 
static discharge from the cylinder end thereof, 
and means for injecting fuel through said hollow 
electrode into said cylinder, the. electro-static 
charge from said electrode being directed into 
intimate contact with the fuel leaving said elec 
trode to agitate and electrically prepare such fuel 
for e?icient combustion in the cylinder. 

14. A fuel discharge unit for an internal com 
bustion engine having a cylinder, including an 
insulator portion, a hollow electrode portion sup 
ported in said insulator portion and adapted to 
project an electrostatic discharge from the cyl~ 
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greater than said cylinder pressure, and a spring 
valve in electrical connection with said electrode 
portion and positioned over said fuel outlet, said 
valve being opened in response to the maximum 
fuel pressure in said chamber toadmit fuel into 
said’ cylinder and adapted to project an electro 
static charge into such fuel to agitate .and elec 
trically condition the fuel for e?icient combustion 
in the cylinder. ' ‘ 

' 16. An electrical and fuel discharge unit for an 
internal combustion engine having a cylinder, 
said unit including an insulator portion with a 
chamber therein mounted on'said 'engine and 
extending'into said cylinder, said insulator at its 
cylinder end having a plurality of apertures ?uid 
connecting said chamber with said cylinder, an 
electrode portion supported on said insulator por 
tion and positioned in said chamber but spaced 
from the sides thereof, said space serving as a 
fuel passage and said apertures as an outlet for 
said fuel, the cylinder end of said electrode por 
tion being provided with‘ a plurality of projections 
corresponding to said apertures,- with each of 
said projections being adapted to emit an elec 
trical discharge through its corresponding aper 
ture and into said cylinder, and means for sup 
plying fuel to said fuel passage, said electrical 
discharge serving to inject the fuel through said 
apertures into said cylinder and to electrically 
condition such fuel to promote the combustion 
thereof. ' 

1'7. A high potential electrical systemv for an 
internal combustion engine having a cylinder, an _ 
electrode unit electrically connected in said sys 
tem- and inc?iding anv insulator portion mounted 
on said cylinder,v a hollow electrode portion 
supported in said insulator portion and 
adapted to project an electro-static discharge 
from the cylinder end thereof, a ground electrode 
forming a'spark gap with the cylinder end of 
said hollow electrode, said gap being of ‘a size to 
prevent the occurrence of a spark there across 
when said cylinder is ?lled with relatively pure > 
air, and means for injecting fuel through said 
hollow electrode into said cylinder at said gap, 
said fuel being charged by the electro-static dis-‘ 
charge from the hollowielectrode to vary the 
conductive characteristics _ thereof, with said 
charged fuel serving to vary the resistance in said 
spark gap to control the occurrence of a spark 
across the gap. 

18. A high potential electrical system for an 
internal combustion engine having a cylinder, 
an electrode unit electrically connected in said 
system‘ and including an insulator portion mount 
ed on said cylinder, an electrode portion. sup--v ‘ 

7 . 



8 
ported on said insulator portion and adapted to 
emit an electro-static discharge from the cylinder 
end thereof, and a ground electrode forming an 
electrical discharge path with the cylinder end 
of said electrode portion, with one of said elec 
trode and insulator portions having a passage 
therein for the projection therethrough of fuel 
into said cylinder at said discharge path, and 
meansv for injecting fuel into said cylinder 
through said passage, said fuel being charged by 
the electro-static discharge from said electrode 
portion, and said electrical charging varying the 
conductive characteristics of said fuel to in turn 
vary the resistivity of said discharge path to 
provide for the flow of an electrical discharge 
across said path of sufficient intensity to burn 
said fuel. 

. 19. A high potential electrical system for an 
internal combustion engine having a cylinder and 
including therein an electrical discharge unit, 
said discharge unit including an insulator por 
tion mounted on said engine and extending to 
ward the inside of the engine cylinder, an elec 
trode portion supported in said insulator portion 
and adapted to emit an electro-static discharge 
from the cylinder end thereof, a ground electrode 
forming an electrical discharge path with the 
cylinder end of said electrode portion, arid means 
for injecting fuel into said cylinder at said dis 
charge path for intimate contact with the elec 
tro-static discharge from said electrode portion, 
said electro-static discharge serving to vary the 
conductive characteristics of said fuel, with the 
variation in the conductivity of said fuel chang 
ing the resistivity of said discharge path to pro 
vide for the occurrence of an electrical discharge 
across said path of suf?cient intensity to burn 
said fuel. 

20. A fuel and electrical unit in an ignition sys 
tem for an internal combustion engine having a 
cylinder, said unit including an insulating por 
tion, an electrode portion supported in said in 
sulating portion, with one of said two portions 
having a fuel passage for the projection of fuel 
therethrough into said cylinder, an electrostatic 
discharge portion on said electrode, with said dis 
charge portion being positioned to direct an elec 
trostatic discharge into the fuel being projected 
through said passage into the cylinder. 

21. The method of igniting a combustible mix 
ture in a combustion chamber having an electri 
cal discharge path therein, which comprises di 
recting an electrostatic discharge from a high 
potential source into the mixture at said dis 
charge path, and exciting the mixture to a prede 
termined intensity. " 

22. The method of igniting a combustible mix 
ture in a combustion chamber having an elec 
trical discharge path therein, which comprises 
directing an electrostatic discharge from a high 
potential source across said discharge path, and 
then increasing the intensity of said electrostatic 
discharge until the mixture at said discharge 
path is ignited. 

10 

20 

30 

40 

50 

2,331,912 
23. A fuel discharge unit for an internal com 

bustion engine having a cylinder, including an 
insulator portion mounted on said cylinder, an 
electrode portion supported on said insulator 
portion and having a fuel passage therein with 
an outlet, said electrode portion being adapted 

' to project an electrostatic discharge into the fuel 
at said outlet to agitate *and electrically prepare 
the fuel for ef?cient combustion in the cylinder. 

24. A fuel discharge unit for an internal com 
bustion engine having a cylinder, including an 
insulator portion, an electrode portion supported 
in said insulator portion and having a fuel pas 
sage therein, and an electrostatic discharge por 
tion on said electrode portion having apertures 
therein for the projection of fuel therethrough 
from said passage into ‘said cylinder, the electro 
static discharge at said apertures being such as 
to electrically condition the fuel passing there 
through for e?icient combustion in the engine 
cylinder. ' 

25. An electrical and fuel discharge unit for 
an internal combustion engine having a cylinder, 
said unit including an insulator portion with a ' 
fuel chamber therein having an outlet for the 
projection of fuel therethrough into said cylinder, 
an electrode portion supported in said insulating , 
portion, and a valve portion for controlling the 
?ow of fuel through said outlet electrically con 
nected with said electrode portion and operated 
in response to the pressure of the fuel in said 
chamber, said valve portion being adapted to 
project an electrostatic discharge into the fuel 
passing through said outlet to electrically condi 
tion the same for e?icient combustion in said cyl 
inder. 

26. An electrical and fuel discharge unit in 
cluding an insulating portion, an electrode por 
tion supported on said insulating portion, with 
one of said two portions having a fuel passage 
therein with an outlet, and a discharge portion 
on said electrode portion for directing an electri 
cal discharge into the fuel at said outlet, with‘ 
said electrical discharge charging‘ said fuel and 
ejecting the same from said outlet. 3 ' 

27. A high potential electrical system for an 
internal combustion engine having a cylinder, an 
electrical and fuel discharge unit including an 
insulating portion, anelectrode portion support 
ed on said insulating portion, with one of said 

, two portions having a fuel passage therein for 
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the ?ow of fuel therethrough into said cylinder, 
an electrotstatic discharge portion on said elec 
trode portion for charging the fuel ?owing into 
said cylinder, and a ground electrode forming a 
spark gap in said cylinder with said discharge 
portion, said gap being such that no spark occurs 
thereacross when the cylinder is ?lled with rela 
tively pure air, with the entering of charged fuel 
into said cylinder acting to vary the resistance 
of said gap to control the occurrence of the 
spark thereacross. 
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