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1

This invention relates to. internal combustion
engines and especially to a means and a method
for controlling the flame propagation in the
combustion chambers of such engines,

This application is a continuation in part of
my bprior filed applications, Serial No. 644,859,
filed February 1, 1246, now Patent No. 2,534,360,
issued December 19, 1950, and Serial No. 752,165,
filed June 3, 1947, now Patent No. 2,545,546, is-
sued March 20, 1951,

It has always been extremely difficult in the

operation of internal combustion engines to con-
trol the flame propagation in the combustion
chambers thereof so as to get the maximum-driv-
ing force against the pistons during the proper
portion of the power cycle. Many attempts have
been made to solve this problem without great
Suceess. Among thesé has been the practice of
providing special fuel mixtures which act to de-
lay the burning of the mixture, so as to distrib-
ute the explosive force over a larger portion of
the pistons” power stroke. Up to the present
time these special fuel mixtures appear to give
the best results.
- I have discovered, however, that by a dif-
ferent proportioning, manipulation, and arrange-
ment of the fuel and oxygen supply for the en-
gine during the time the fuel is introduced into
the combustion space and compressed therein, I
can control the flame propagation of the fuel
mixture in a manner far better than has ever
been done before and without the use of any
special fuel mixtures, and I ean accomplish this
by the application to the engine of a simple in-
expensive device. In fact my invention permits
the use of fuels hitherto thought unsuitable for
use in an internal combustion engine.

It is, therefore, the principal object of the in-
vention to provide a method and a means for
automatically controlling flame propagation in

10

15

20

26

A

35

40

an internal combustion engine, so as to obtain

maximum efficiency . of the engine througheut
wide ranges of speed and load variations.
Another object of the invention i5 to provide
a method and means for admitting auxiliary
oxygen into the combustion chamber and con-
fining this oxygen adjacent the sparking elec-
trodes in a predetermined manner during com-
pression, so as to form a time delay in the ini-
tiation of the- explosion but at the same time
much more tapid if not instantaneocus propaga-
tion of the fame during thz aetual explosion.
A still further object of the invention is to
provide a spark plug which when applied to an

engine will permit the accomplishments of the

objects in the last two paragraphs above,
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A further object of the invention is to provide
a means and a method for operating an inter-
nal combustion engine whereby the engine may
be operated with the ignition distributor at a
fixed position or with any desired arrangement
of ignition control.

The invention has been illustrated in the ac-
companying drawings in which:

Figure 1 is a sectional side elevation of a por-
tion of a high compression engine designed for
carrying out the invention.

Figure 2 is an enlarged sectional side eleva-
tion of a portion of the spark plug of the engine
of Figure 1 showing the construction of the
valve therein.

Figure 3 is a bottom plan view of the inner
barrel of the spark plug of Figure 1, showing
the valve seat and ducts leading to the air
filter.

Figure 4 is an enlarged fragmentary perspec-
tive view of the air filter used in the plug shown

in Figures 1 to 3.

Figures 5, 6, and 7 are schematic sectional views
of the firing space in the inner or electrode
end of the spark plug of Figure 1 which may be
used to illustrate the principles of the inven-
tion.

Figures 8 and 9 are a fragmentary sectional
side elevation and a bottom plan view, respec-
tively, of a modified form of spark plug incor-
porating the invention.

PFigures 10 and 11 are a sectional side eleva-
tional view and a sectional plan view, respec-
tively, of a modified form of spark plug from
that shown in Figure 1, by means of whiech me-
chanical ignition adjusting devices may be elimi-
nated, Figure 11 being taken on the line i1—FH
of Figure 10.

Figures 12 and 13 are a sectional elevation and
bottom plan view, respectively, of a modified
form of certain parts of the spark plug of Fig-
ure 10.

Figure 14 is a side elevation, partly in section,
of another ‘modified form of the invention; and

Tigure 15 is a sectional plan view of the plug
of F’1gure 14, taken on the line 15—I{5 of Flg-
ure 14,

In carrying out the invention I admit oxygen
to the combustion space of an internal combus~
ticn engine at the same time that the fuel mix-
ture is introduced therein and confine the o0xy-
gen during the compression stroke to a space
adjacent the sparking eélectrodes, anad I control
the flame propagation of the explosive mixture in
the cylinder by the proper relation between the
amount of oxygen admitted and the configuration
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and size of the space in which it is confined. I
have found that a convenient way to admit the
oxyegen is through a suitable duct in the spark
plug of the engine, the inner end of which also
provides a convenient means for defining the
above-mentioned space adjacent the electrodes.
1 have, therefore, illustrated the invention in
connection with an engine having a specially
designed spark plug for carrying out the objects
of the invention, although I wish it to be under-
stood that the features for admitting and con-
trolling the auxiliary oxysen need not be incor-
porated in the spark plug, but may, if desired,
be a part of the engine head or may be furnished
by means of an attachment thereto.

In Figure 1 I have shown an engine of the
four cycle type having a cylinder | in which a
piston 2 is mounted for reciprocation in the usual
manner. The head 3 is provided with the usual
compartments 4 for the cooling fluid 5, and in the
top of the head is provided the usual tapped hole
g for the specially constructed spark plug T which
is provided with a cylindrical end 8 threaded to
screw into the hole 6.

The spark plug 7 has a shell 9 formed of two
different outer diameters, the smaller diameter
portion forming the cylindrical end 8 and the
remainder forming an open-ended housing {0 for
the components of the plug. A shoulder I is
formed between these two portions and seats
upon a gasket {2 when the plug is screwed into
place for making a gas-tight connection with the
engine. The other end of the housing {0 is thick-
ened and has its outer circumference formed into
a hexagon nut {3 to which a wrench may be ap-
plied for screwing the plug into position.

The inner wall of the shell 8 has three portions
of different diameters. The first portion {4 of
largest diameter has a diamseter only slightly
smaller than the outside diameter of the housing
i@ to form a thin wall for the housing. This
first portion of the inner wall terminates in a
shoulder 5 at the inner edge of which the sec-
ond portion 16 of intermediate diameter com-
mences. This portion 16 defines a portion of the
valve chamber, (to be later described) and is
relatively short, terminating in a shoulder {7
at the inner edge of which the third portion
{8 of the inner wall commences. This portion is
enough smaller in diameter than the threaded
end 8 of the shell § to provide sufficient strength
for the cylindrical end 8 of the plug.

The end of the inner portion (8 adjacent the
shoulder {7 is threaded to receive a barrel 19
the outer surface of which has portions of two
different diameters 20 and 21, to conform general-
ly in length and size to the portions (4 and
{6 and 18, respectively, of the shell 9, the portion
2! being threaded to screw into the portion (8
of the shell 9.

Between the two portions 20 and 24 of the bar-
_ rel 19 is a shoulder 23 the outer circumference
of which has a rim 24 which extends axially of

the barrel and bites into the metal of the shoulder -

15 in the shell 9 to form a gas-tight joint there-
between when the barrel is screwed into place.

The barrel {2 has a bore of two diameters:
an outer end portion 25 and an inner end por-
tion 28 of reduced diameter. Between these two
portions is provided a sloping shoulder 27 against
which is seated the enlarged central portion 28
of the spark plug insulator 29 which may be
of the usual design and may be made of porcelain
or other suitable ceramic, having an elongated
post 38 extending outwardly of the plug from
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the enlarged portion 28 and tapering to a smaller
diameter from the enlarged portion towards the
inner end of the plug, terminating at a point
somewhat within the inner end of the barrel {9.

The insulator 29 has the usual small diameter
bore extending through it from end to end in
which is cemenfed the central electrode 2{ of
the spark plug. This electrode terminates at its
inner end just about even with the inner end
of the shell 9, in the example illustrated, and
cooperates with a grounded electrode 32 which
is welded to the end 8 of the shell 8 and extends
diametrically towards the center of the plug with
its end spaced slightly from the end of the
electrode 31, so as to provide a gap for a spark
to jump.

The other end of the central electrode 31 ter-
minates in a cap 23 which may ke of the usual de-
sign for attaching the wire to the plug from the
distributor of the engine.

A gland nut 34 is threaded into the open outer
end of the barrel 18, the outer end of the por-
tion 25 of the bore being threaded for that pur-
pose. 'The inner end 3% of the gland nut is ta-
pered to conform to the tapered surface of the
enlarged portion 28 of the insulator 29, so as
to hold the insulator in place when the nut is
screwed into place, suitable soft metal washers
36 and 37 being provided adjacent the shoulder
27 and the tapered end 35 of the nut 24, to make
a gas-tight joint.

The rim 24 on the shoulder 23 of the barrel 19
is designed to separate the shoulders 23 and {8
a, distance just sufficient to form a valve chamber
38 in which operates a valve 38, which is pref-
erably a fiat ring of stainless steel.

The portion 1§ of the inner wall of the shell
9 is enough larger in diameter than the outer
diameter of the portion 21 of the barrel (8 to
provide space for a light coil spring 49 which
may preferably be of stainless steel to resist rust
and heat and which is under slight compression
between the valve ring 39 and the shoulder {7 of
the shell 9 and tends to maintain the valve ring
against the shoulder 23 of the barrel {8.

In the portion 28 of the barrel (8, a short dis-
tance from the rim 24, I provide a groove 41
which may extend completely around the circum-
ference of the barrel and in which is positioned
a filter 42 formed of a suitable material having
many interstices to permit the passage of a gas
but preventing the passage of foreign particles
which might otherwise pass into the engine cyl-
inder.

I prefer to make the filter out of wire mesh and
1 have found that a suitable number of fine braid-
ed Phosphor bronze or inconel wires may be
compressed into a cross-section to conform with
the groove, cut off at the proper length and
wrapped around the groove with the ends abut-
ting. A fragment of such a filter is shown in
Figure 4.

Sma]l holes or ducts 43 are formed in the bar-
rel 19 and extend hetween the shoulder 23 and
the groove 41, these holes being preferably two
in number and bheing diametrically positioned
with respect to the barrel. The arrangement
is such that the valve ring 39 covers the holes
23 when seated against the shoulder 23.

The diameter of the portion 20 of the bar-
rel 19 is slightly smaller than that of the por-
tion 14 of the shell 9 so as to provide a space or
duct 44 through which air may pass into the
groove &1, and the filter 42 may have a radial di-
mension sufiicient to provide & press fit within
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Fhe shell9, when the'barrel 49:is inserted therein.

_'?With Fhe arrangement shown, it +will Jbe-geen
that air may pass through The duet 44, through
the filter 42, and through the holes d3 into the

]

valve: chamber 38 when the pressure:inithe:valve

chamber is-sufficiently less'than that in theduct
#4:(which isrunder atmespheric pressure) - toiper-
mit the ‘valve 39 to ‘be -Gisplased from sibs isest
-against thie pressure-ef the spring 43.

1n the -example -shown ‘in Figures 1 ‘to 4, the
passage ‘or-duct leading: from the waive chambsr
38 to the combustion space of the engine s
formed ‘by ‘the ‘normdl -clearance ‘between the
threaded ‘portions of ‘the bkarrel angd the shell.
These ‘threads -are standard U. 8. fthreads with
norm#) dlearance for-a vunning fit, but there is
enough “¢learance ‘between 'the -ouiside diameter
of ‘the thread-on one part-and the:root diameter
-of the thread on the other-part to provideatheli-
-edl-duct (indicated ot45 in Figure 2),6f sufficient
cross-section for my purpose. How “the -cross-
‘section of this duct may be increased and’in what
4dnstances’it should beiincreased will'be-described
1aker.

In general the opera’r,‘ifon of the sngine andplug
-assembly shown in Figures 1 to4is as follows:

During the suction streke a mixture of gasoline
‘and -air is drawn into the ‘cylinder in the wusual
manner. At the same tinie, since the pressure
in the eylinder is subs'tanﬁia'ily ‘less than ‘that of

‘the -outside air, air will be drawn through the

duct 48, through the filter 42, and the holes 43,
-displacing ‘the valve 38, through the valve ¢cham-
“er:38, and ‘through the heleal duct &5 into fhe
space ‘or ‘cavity 45 Tormed by the-cylindirical end
8 :of the shell 8, wiich space may ‘be :called ‘the
“firingspace.”

Air passing thus at this stage through the duchs
of the spark plug has -two important -effects.
First, it codls the several parts of the pnlug. The
space 84 between the barrél 198 and the shell 8
being relatively small, air passes through here at
high velocity, and, since this high velocity .air ‘is
exposed to a relatively large metal surface, an

efficient cocling action of both shell and harrel

takes place in a well-known manner. “The same
effect is produced in the helical duct 45 between
‘the barrel 18 and the sheli 9, ‘cooling ‘hoth pai'ts,
and the air passing.over the electrodes 81 .and-32
cools them also.
firing space 46 adjacens the clectrodes, when ad-
mitted to this shace.in the proper amount, pro-
vides the means for centroiling the flaine propa~
gation whenthe:charge is fired.

Tn order to :explain wirat I believe takes place -

during the compression . and power strokes, the
firing ‘space 45, defined by ‘the cylindrical end 8
6f the shell '§ and the inner-end of ‘the insulator
‘28, ‘has bheen repre‘sented diagrammatically in
Flgures 5,68 and .. The following theory-of oper-
ation has been developed after many experiments
-and-careful study of the results obtained:

At the end -of the intake stroke fresh air sur-
rounds the -electrodes inciuding the firing space
8. Just before the end of the intake stroke,
when the pressure inside the combustion cham-
ber approaches atmospheric, the valve &3 closes
under control of the spring #8. As the compres-
sion stroke starts, the air surrounding the elec-
trodes is foreed back into the space 46,
the valve is closeq, this air ‘carnot get out of the
spark plug and continues to comyprass In the valve
chamber 88, the duct 45, and in the space 486.
At the-end of the compression stroke the arrange-
ment of air and Tuel mixture in the space 4% is

Segond, the air passing into the 3
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somewhasas indicated in'Figure 5.  Puve airhias
been forced irito ‘the :junermost :portion wof ‘the
space 48 ‘and various gradation-of-aimixture of
air-and the morm#l fuel mixture will be arranged
between that point and the point wherethe spark
oceurs-at the tips. of ‘the éectrodes. "Thus, ‘putre
air'may exist in the ‘space between the innér ead
of §he space ‘38 ‘and the -dot-and-dash line “&7;
5 enn -gas ‘migture varying from pure:air 40560
parts-of-airto 1-of the normal mixture, may ex-
Hend from that Tineto therdot~and-dash line 43;
‘o tyixture varying Trom 769 to 1-'t5-30 4o 1 tnay

extend between The-dot-and-dash'line 48-and42;

8 wikbure varying from 30 to ‘1 to 25'fo 1 -‘may

‘extend ‘between ‘the lines #8 .and '59; a mixbure
Warying

rom 25 ‘40 16020 o -1 -may extend be-
tween the lines'$8-dnd §i; a mixture from 2001
to 45 o '1 may extend between lines 51 -and 52,
gndirom line'B24othe end of the center-electrode
fhere may be & mixture varying ‘from ‘15to 1 to
‘the normal ‘mixture.

The spark, occurring -a little “gfter the “end of
‘the comipression stroke, finds ‘the stratification of
dir and gas somewhdt ‘as ‘thus outlined. Tt ig-
nites the mixture at the electrodes and the fame
‘beging to spread away from the elestrodes inall
directions. 'This burning of the mixture s rela-
tively slow and ‘an‘incremert of time elapses be-
Tore ‘the efige ‘of the flame reaches the line 52'in
‘the space 4%, but as the flame approsches this
Tine the rate of burning increases wnd the flame
front then wmoves faster and faster. As the figime
Tront passes beyond the line 52 into regiods of
Teaner aud leaner wixtures, it will finally reacha
point where'the rate of burning becomes substan-
tidlly instantaneous. 'While I do not krnow
exactly where this point is, it may be assumed for
fhe purpose of this explanation to be at fhe line
49, At 'this poiuwt tiien, the lean mizture, sup-
plied by the oxygen immediately adjacent to it in
‘the still leaner mixiure, is ingtantaneously con-
sumed, ereating such a sudden expansion cf the
gases that the flame, with no other place To go,
is forced out of the firing space 48 like the flame
of a ‘blow-torch ang into every corner of the
condbustion chawiber, igniting ‘the mixture
‘therein .4t points which would normally not have
‘been reached-at this time.by the expanding flame
Tront. The blow-torch effect thus cavises sub-
stantially instantaneous burning of the rest of
‘the miixture in the combustion chamber, and
when the stratification of the dir and gas inix-
ture is correct, a smooth .pressure is -appiied to
the piston -during the meost cfective part of its
pewer stroke .and the combustion of fuel is sub-~
stantially complete; with resulting.increase in en-
gme efficiency.

In the ideal timing of the flame prapa-gm:xon
the force of the expanding gases against the
pisten should start from zeroe.as the piston leaves
the dnnermest dead-ecenter position; .imcrease
sinuscidaily 40 -5 maximum as the piston passes
its - half-way position, and :decrease -sinusoidally
to zero again at the outermost dead-centsy ‘posi-
tion. By :means of -my dinvention I avproach
much nearer to this idenl condition than s
heen done ;b*-‘fme \vmh any ‘engine of Which I am
Hware.,

The force of the explcswn creates an extremely
‘high ‘pressure in the combustion ¢hamber which
Forees unused aif ‘or ‘burned -gasses back into the
‘farthermost -crevices of the space 88, including
“the duect 45 and ‘the valve -chamber 38. The
valve chamber contains mostly air because T have
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found that burned gasses pass only about one-
third of the way through the duct 45.

At the proper time, at the end of the proper
stroke, the exhaust valve opens and the burned
gasses rush out of the combustion chamber,
aided by the piston which has begun to move into
the cylinder again. When the exhaust valve
opens, the pressure within the combustion cham-
ber drops far below the extremely high pressure
created therein by the explosion. Since the air
in the valve chamber 38 is under this much
greater pressure, some of it will be forced through
the duct 45 and through the space 46 into the
combustion chamber. Any air left compressed
in the innermost portion of the space 48 joins
this pure air in flushing the burned gasses out
of the space 46 and away from the electrodes 31
and 32 and again producing a cooling effect upon
the electraodes and associated parts. When the
exhaust valve closes at the end of the exhaust
stroke, the cycle is ready to be repeated again
with another intake stroke.

Consider now what will happen when load and
speed conditions of the engine change. Assume
for a predetermined condition of load and speed
that the region in the firing space 45 which the
flame front has to reach before the “blow-torch”
effect is obtained is represented by the line 48.
Suppose now that the load is increased as, for
instance, in an automobile, when the automobile
starts to climb a hill, and that this condition is
met by opening the throttle for supplying more
fuel to the engine. Since more fuel mixture
enters the cylinder at the intake stroke, the com-

pression in the cylinder will rise and it will be :

seen that the various gradations of the mixture
of fuel and air will be squeezed farther into the
space 46, so that now the lines 47 and 52 may as~
sume the positions indicated in Figure 6. Thus it
will now take longer for the flame front from
the spark to reach the region of line 49 and the
ignition is effectively retarded, which is what is
desired when the load is increased, as is well
known.

If the load should decrease and a smaller
amount of fuel be admitted by the throttle, the
compression also decreases, thus permitting the
stratified fuel mixture to spread out in the space
46 with the result that the line 49 may now be
much closer to the spark, as indicated, for in-
stance, in Figure 7, requiring less time for the
flame front to reach it and thus effectively ad-
vancing the ignition, which is again what is de-
sired for this condition.

Now assume again that the normal conditions
prevail which produce the effect indicated in Fig-
ure 5 and that the speed of the engine increases.
This will cause less fuel mixture to enter the
cylinder, because the time for it to get in becomes
less, and the compression will therefore decrease
and the lines 47 and 52 will spread out bringing
the line 49 nearer the electrodes, as indicated in
Figure 7, and thus effectively advancing the ig-
nition, which again is what is desired under this
condition.

Decreasing the speed has the opposite effect,
inereasing the compression again and crowding
the stratified mixture into the space, as indi-
cated in Figure 6, thus effectively retarding the
ignition.

It will be seen that the position of the critical
region of stratified fuel mixture will be governed
by a number of factors. These are: (1) the nor-
mal compression in the cylinder at the end of
the compression stroke; (2) the normal engine
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8
speed; (3) the size of the firing space 46; (4) the
shape of the firing space 46; and (5) the amount
of oxygen (air) admitted to the firing space 46
prior to compression.

The shape and size of the space 46 and the
amount of oxygen (air) admitted to the space
may be controlled for any given engine. I have
found that a convenient shape and size may be
determined by the inner end of the spark plug,
and I control the amount of air admitted by the
size of the duct and the arrangement of the
valve.

In variable speed, variable load, internal com-
bustion engines now in use, the automatic ad-
vancing and retarding of the spark is usually ac-
complished by ftwo automatic mechanical ad-
justing devices operating on the distributor, one
under control of the suction in the carburetor or
intake manifold and the other controlled by cen-
trifugal force. I have found that the automaftic
effective adjustment of the spark which my in-
vention provides may be used to replace entirely
the mechanical adjusting devices referred to
above, or the invention may be used in conjunc-
tion with these mechanical adjusting devices. In
either case the added advantage is obtained of
causing substantially instantaneous and complete
combustion of the fuel mixture at a time when it
will do the most good, so that the efficiency of
the engine is greatly increased.

The embodiment of the invention illustrated in
the figures thus far described is suitable for use
in an automobile engine equipped with the usual
controls for advancing and retarding the spark
and having a normal compression of 110 pounds
per square inch. Good results have been ob-
tained when the various dimensions were as fol-

Jows:

Threads on shell to fit engine_____.. 14 millimeters x 1%
millimeters.

.2813 inch.

.355 to .360 inch.
.263 o0 .271 inch.

Internal diameter of end of shell §_
Internal diameter of shell 9 at por-

tion 18
Internal diameter of barrel at 26__

Diameter of inner end of insulator—_- .1623 inch
Diameter of inner end of insulator
adjacent enlarged portion.__.____ .2188 inch,
Distance of electrode gap to end of
barrel 19 .31 inch,
Threads on barrel forming duct 45__ 10 millimeters x 1
millimeter.
Pitch diameter of thread . _____ 3675 to .3642 milli-
meter.
Distance from end of barrel to valve
__chamber .1875 inch,
Thickness of valvering_ . _______ .015 inch.
Clearance between valve ring and
shoulder 15 010

Diameter of holes 43_____________ . 040 inch.
Width of space 44 between barrel 19

and shell 9 .004 to .008 inch.
Gap between electrodes_ .. ____. .018 to .025 inch.
Spacing of distributor points__.____ .012 inch.

Although the duct 45 around the threads be-
tween the firing space 4§ and the valve chamber
28 has a very small cross section, it aliows enough
air to pass through to obtain good results with
an engine having dual mechanical spark con-
trols at the distributor, as explained above. In
addition, the burned gases are prevented by the
cross section and length of the duct from being
forced into the valve chamber by the explosion
and thus the spring 40 is protected. In some in-
stances, I may still further protect the spring
against hot gases by providing a sleeve §3, pref-
erably of stainless steel to fit loosely over the
threaded end of the barrel {9 within the spring
49, this sleeve being provided with a hole or holes
54 for the passage of air.

The plug, as described, may be inserted in an
engine cylinder in place of the ordinary plug,

»Without any other change, resulting in much het-
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ter operation of the engine. However, I have
found that because the fuel is used more efficient-
1¥, much less is needed under all eonditions of en-
gine operation. I may therefore obtain better
mileage by reducing the size of the main jet by a
larger metering rod to produce a leaner mixture
when the main jet is in operation.

I have also found that in adjusting the engine
for optimum operation, it is best to set the timing
in aceordance with standard practice and then
advance the setting until the most power Is ob=
tained without pre-ignition. When properly ad-
justed, an automobile can start at ten miles.an
hour at the bottom of a thirty degree grade and
with the throttle wide open pick up speéd smocth-
1y and without pre~ignitien or detonation. If the
car Tails to pick up speed, the setting of the spark
should be advanced; if pre-ignition oceurs, the
setting of the spark should be retarded.

Best results have been obtained with regular
gasoline, that is gascline which has not been
treated with tetraethyl lead or the like.

The results obtained with the invention are
startling. I have found after repeated tests that
the mileage per gallon of any automobile can be
increased by at ieast ten percent and with one
standard automobile of a well known make, I
have increased by 50% the mileage per gallon
stated by the manufacturer to be the standard
mileage of the car.

Tn addition to the increase of mileage which
comes with the practice of the invention, other
phencmenal results are cbtained. These may be
listed as: increased power and therefore in-
creased acceleration; cooler operation of the en-
gine, and especially cooler operation of the spark
rlugs with accompanying long life thereof; slow=-
er idling speed for the engine at much smoother
operation than with ordinary ehgines; much less
tendency for carbon te form in the cylinder or
arcund the electrodes of the plug, since the com-
pustion is substantially complete and therefcre
less fouling of plugs and valves.

In addition to these advantages the whole en~
gine may be designed to incorporate the inven-
tion with the resulf that the compression may be
raised: a longer stroke may be used with no loss
in revolutions per minute; and there need be no
limit to the bore of the cylinder. Heretofore,
gascline engines have been limited to a six inch
diameter bore. Beyond that diameter the com-
bustion becomes very inefficient.  With the use
of the invention, however, the efficlehcy of engines
with hores larger than six inches can be increased
several hundred per cent. Also an engine de-
signed in accordance with the invention permits
the use of o smaller ¢ooling system than required
with the ordinary engine and a lower powered ig-
nition system. ]

The size of the duct leading from. the valve
chamber to the firing space forms an important
control for the amount of oxygen admitted to
the firing space during each cycle of the engine,
put the amount of this oxygen may be additional-
1y controlled by the pressure of the spring 49
against the valve 33. By increasing the tension
of the spring, the time at which the valve will
open during the suection stroke will be .delayed,
with the result that less air will be drawn into the
firing space. The characteristics of the plug,
therefore, may be easily altered for different.en-~
gines by supblying springs of different tensions.

"The size of the opening of the firing space into
the combustion space of the engine-may also be
varied to vary the characteristics.of the plug. By
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restricting this opening; less of the mixture can
get into the firing space, with the result that the
stratification as indicated in Figure 7 will be ap-
proached. One manner of restricting this open-
ing has been illustrated in Figures § and 9. Here
the shell 35 is provided with o disc §% which is
‘welded over the open end thereof. This dise
serves as the grounded electrode of the plug and
is provided with a hole 57 into which the center
glectrode 58 extends, the hole being sufficiently
large o provide the desired spark gap between
the dise and the center electrode. If less restric-
+ion s desired, the hole 51 may be elongated or
additional holes may be provided in the dise.

As has been stated above, the variation in po-
sition of the stratified fuel mixture in the firing

space 48, under control of the compression, pro-

vides an automatic adjustment of the effective
timing of the spark. The embodiment already
described may be used with engines provided with

~mechanical spark advance apparatus. An em-

bodiment of the invention will now be described
by means of which the mechanical spark adjust-
ing devices on an engine may be entirely elimin-
ated and the timing of the spark permanently set
at about dead center position of the piston.

The arrangement is illustrated in Figures 10
and 11 in which the plug shown is generally the
same as that already described; having a shell §5,
much the same as the shell § of Figure 1, and a
karrel 65 which corresponds to the barrel {8 of
Figure 1. But the firing space §7 has been made
longer and narrower than that of Figures 1 to 8.

The barrel 66 differs from that of Figure 1 in
that the inner end 68 is extended to be flush with
the inner end of the shell §5, and both parts have
extending cooperating threads. A groove 8§ is
provided in the outer surface of barrel 68 mid-
way between the end of the barrel and the valve
chamber 78, this valve chamber being identical
with that described in connection with the other
figures. The threads between the groove 88 and
the -end of the barrel 66 are standard and en-
gage in the nermal way with the threads of the
shell. The -threads 7f, however, between the
groove §8 and:the valve chamber 78 are flattened,
as by machining off the peaks of the threads,
so as to increase -the clearance and provide a
duct 72 of greater cross section than the duct 4%
of Figures 1 and 2 for the air to pass between
the groove §8 and the valve chaiber 78. Holes
13 are provided through the barrel between .the
groove .69 and the interior space .87. Preferably
two holes .are provided diametrically opposite

each other, although more may be provided if

desired.
With the arrangement just described, it will

be seen that there is much freer access of air

from the valve charaber 70 to the space 67 than
was provided. in.thie structure of the other figures.
Because -of the groove 69 and the flattened
threads on the barrel, the structure is somewhat
weaker, and I overcome this by providing an
extended rim 74 at the outer end of the shell §5
and spinning this rim over the outer end of the
Holes 15 are drilled at
spaced points around the circumference of the
rim to give access Tor the air to the space T§-he-
tween the barrel and the.shell.

In-the operation of this plug, hot gases may
pass into the groove:£3:through the holes 13, and

in order to prevent damage from heat to the

spring and the valve in:the valve chamber, which

:will be understcod.to be the same as those shown
dn conneetion with the other figures; I provide in
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the groove 89 a sleeve 11 which may be a split
ring of stainless steel and may snap loosely over
the narrow portion of the groove and fit loosely
therein. Gases impinge on the sleeve and are
disbursed and cooled before entering the valve
chamber.

Because the space 67 is longer and narrower
than the space 48 of Figures 1 to 8, the stratifi-
cation of the fuel mixture becomes more sensi-
tive to changes in compression, and hence the
automatic adjustment of the spark timing is
obtained. A long narrow space will also produce
a more violent blow-torch effect than a shorter
wider space, causing a closer approach to in-
stantaneous combustion in the main combustion
space. By carefully designing the firing space
for a particular engine the desired result can be
obtained.

Where more air is needed in the space 46 or

the space 61, in order to bring the critical region ¢

in the fuel-air mixture nearer to the point where
the spark is produced, I may mill away a por-
tion of the threads on the barrel, as shown at T8
in Figures 12 and 13, to increase the cross sec-
tion of the air duct still further.

It is the oxygen in the firing spaces 46 and 81
which permits me to control the flame propaga-
tion, as explained above, and this oxygen is sup-
plied by a pair in the embodiments already de-
seribed. However, it will be apparent that in
some instances it may be desirable to supply a
gas more nearly approaching pure oxygen, or
under pressure other than atmospheric. For in-
stance, the engine of airplanes will require air or
perhaps pure oxygen at a pressure higher than
the surrounding atmosphere. To meet such a
requirement, T may use the embodiment of the
invention shown in Figures 14 and 15.

Tn Figure 14, the inner part of the spark plug
towards the combustion space may take the form
of either of the embodiments heretofore de-
scribed, except that the end which screws into
the engine is preferably longer, and this inner
part is not shown in detail. In this figure, the
shell 78 and the barrel 83 correspond to the shells
and barrels of the other figures. The outer end
of the shell 19 is provided with a rim 81 which is
spun over the outer end of the barrel §8, not only
to make a more rigid connection, but also to
make a gas tight seal at the outer ends of the
shell and barrel. The gland nut 82 which holds
the central insulator 83 in place is extended in a
sleeve 84 which is provided at its outer end with
threads 85 to receive a suitable fitting 85 at the
end of a flexible hose 87 leading from a super-
charger, (not shown), or other source of the gas
to be fed through the spark plug. The outer
surface of the enlarged portion 88 of the in-
sulator 83 is provided with a plurality of radial
grooves 88 which align with a groove 88§ formed
circumferentially in the inner wall of the barrel
8. A plurality of radial holes §1 are provided
through the wall of the barrel to connect the
groove 88 with the cylindrical duct 82 formed
between the barrel and the shell.

The inner end of the gland nut 82 may also be
provided with radial grooves 83 so that when
the nut is screwed down against the surface of
the central insulator with the usual soft metal
gasket, the grooves 89 and 83 provide passage
into the groove 80 and holes 91.

A ceramic sleeve 84 is provided within the
gland nut 82 which fits snugly against the inner
wall of the sleeve 84 of the nut and is thin
enough to provide an air passage between ifs
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inner wall and the central insulator 83. This
ceramic sleeve may be held in place by spinning
the outer end of the gland nut over it as indi-
cated at 95 in the drawing. The inner end of the
sleeve 84 may also be provided with a plurality
of grooves 86 to insure a passage of gas from the
inside of the sleeve into the groove §0 and thence
to the duct 92.

The electrical connection may be made to the
plug by means of an ignition wire 97 extending
down the center of the hose 87 into the sleeve 94.
The ignition wire may have a spring 98 at its end
which contacts with the outer end 99 of the center
electrode at the outer end of the insulator.

Except for the fact that the gas (air or oxygen)
is delivered to the plug from g desired source
and may be under pressure, the plug of Figures
14 and 15 operates in the same manner as the
other embodiments already described.

Tt will be noted that the insulator in the dif-
ferent embodiments illustrated ends some dis-
tance from the end of the central electrode where
the spark is produced, this construction being
different from that of the ordinary spark piug
where the insulator is carried almost to the end
of the electrode. This provides the necessary
inereased volume for the firing space, and I have
found that the exposed portion of the electrode
is unaffected by the burning gases because of
the cooling effect of the incoming air. To de-
crease the size of the firing space, the insulator
may be carried to the end of the shell.

In the embodiments shown, the gap between
the electrodes is about flush with the inner wall
of the engine head. It is to ke understood, how-
ever, that with a given amount of air entering
the plug, the timing of the flame movement from
the gap to the critical region of the gas mixture
may also be varied by moving the gap into or
out of the firing space. The position of the gap
will therefore be determined by the particular
requirements.

While the use of the invention in connection
with a four cycle engine has been described in
detail, it will be understood that the invention is
by no means limited to any particular type of
engine, but may be used wherever a more accu-
rate control of flame propagation is desired.

Modifications of what has been shown and de-
seribed may be used without departing from the
spirit of the invention and I do not wish to limit
myself except by the appended claims.

‘What I desire to claim and secure by Letters
Patent is: )

1. A spark plug comprising a body meimnber,
means at one end of said member for attaching
said member in the cylinder head of an internal
combustion engine, electrodes at the same end
of said member providing a spark gap, an in-
sulator extending axially through said body mem-
ber, a conductor extending through said insulator
and forming one of sald electrodes at its end,
said body member having a cavity outside said
insulator communicating with the space adjacent
said gap and on the opposite side of said gap
from the combustion chamber cof said engine, a
duct leading from said cavity to the outside of
said plug through said member but outside of
said insulator, and a one-way valve in said duct
permitting gas tc pass into said cavity through
said duct but preventing passage in the other
direction, the configuration and size of said cav-
ity, the cross section of said duct, and the sensi~
tiveness of said valve being such that stratifica-
tion of the normal fuel mixture and the gas in-
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troduced through said duct will occur in said
cavity during the compression stroke of said en-
gine, so as to control the flame propagation in
the combustion chamber thereof for different
speed and load conditions of said engine,

2. A spark plug, as defined in claim 1, in which
the duct has an enlargement forming a valve
chamber in which the valve operates.

3. A spark plug, as defined in claim 2, in which
the valve chamber is annular, the valve is a thin,
flat, annular plate, and a coil spring is provided
for normally holding said valve against its seat,
and in which shielding means is further provided
in said valve chamber to protect said spring from
hot combustion gases.
© 4, A spark plug, as defined in claim 1, in which
the cavity has a restricted opening.

5. A spark plug, as defined in claim 1, in which
the body member is formed of two telescoping
parts having threaded engagement at the inner
end of the plug, said parts being relatively dis-
placed beyond said threaded portions to define
a chamber for said valve and the threaded con-
nection forming the duct between the cavity and
‘the valve chamber and in which the threads on
one of the parts are flattened to increase the
cross section of the duct into the valve chamber.

6. A spark plug comprising a body member,
meang at one end of said member for attaching
said member in the cylinder head of an infernal
combustion engine, electrodes at the same end of
said member providing a spark gap, an insulating
member extending axially through said body
member, a conductor extending through said in-
sulating member and forming one of said elec-
trodes at its end, said body member having a
cavity outside said insulating member commu-
nicating with the space adjacent said gap and
on the opposite side of said gap from the combus-
tion chamber of said engine, a duct leading from
said cavity to the outside of said plug through
said member but outside of said insulating mem-
ber, and a one-way valve in said duct permitting
gas to pass into said cavity through said duct
but preventing passage in the other direction,
the configuration and size of said cavity, the
cross section of said duct, and the sensitiveness
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of said valve being such that stratification of
the normal fuel mixture and the gas introduced
through said duct will occur in said cavity during
the compression stroke of said engine, so as to
control the fiame propagation in the combustion
chamber thereof, said body member being formed
of two telescoping parts having threaded engage-~
ment at the inner end of the spark plug, said
parts being relatively displaced beyond said
threaded portions to define a chamber for said
valve and the threaded connection between said
parts providing a tortuous, restricted portion of
said duct between said valve chamber and said
cavity.

7. A spark plug, as defined in claim 6, in which
the two telescoping parts extend outwardly of
the plug a relativley long distance in closely
spaced parallel relationship, forming an annular
bassage of small cross section between the valve
chamber and the outer end of the plug.

8. A spark plug, as defined in claim 7, in which
one of the telescoping parts has a groove in its
wall opposing the other part, adjacent the valve
chamber, a filter is provided in said groove, and a
duct is provided in said part extending from said
valve chamber to said groove and forming the
inlet duct for said valve chamber.

BERNARD C. FISHER.
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