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3 195,518 
MEANS FOR INTROlDUClNG A FRESSURIZED 
FLUID INTO AN TNTERNAL COMBUSTIGN EN 
GTNE COMBUSTIGN CHAMBER THROUGH THE 
SPARK PLUG OPENING 

Alfred Candelise, Flint, Mich, assignor to General 
Motors Corporation, Detroit, Mich, a corporation of 
Delaware 
riginal application Ser. No. 12,857, Mar. 4, 1960, now 

Divided Patent No. 3,073,289, dated Jan. 15, H63. 
and this application May 24, 1961, Ser. No. 112,449 

2 Claims. (El. 123—26) 

This is a division of my co-pending application Serial 
No. 12,857, entitled “Means for Burning Hydrocarbons in 
an Internal Combustion Engine Cylinder,” ?led March 
4, 1960 and issued on January 15, 1963 as Patent Number 

3,073,289. 
The invention relates to mechanisms for introducing 

a pressurized ?uid into a chamber, and more particularly 
to mechanisms for introducing compressed air into the 
cylinder of an internal combustion engine during engine 
operation for more completely burning the hydrocarbons 
introduced therein as fuel. It particularly concerns struc 
ture including spark plug assembly modi?cations to ac 
complish this purpose. 

During the operation of internal combustion engines 
of the type normally employed in automotive vehicles, 
for example, a charge of fuel and air mixture is intro 
duced into an engine cylinder and is compressed. The 
charge is ignited and burning of the fuel takes place. 
It has been found that much of the fuel remains in the 
unburned state, however, and is discharged through the 
engine exhaust system to the atmosphere. This particu 
larly occurs during engine idling conditions. One of the 
reasons for the incomplete burning is that there is in 
sufficient air within the combustion chamber to permit 
complete combustion of all of the fuel introduced. Dur 
ing engine idling the fuel-air charge must be rich in fuel 
in order to ignite. Excess fuel is therefore provided for 
this purpose. 
The unburned hydrocarbons which are discharged to 

the atmosphere contribute materially to the atmospheric 
contamination condition commonly referred to as smog. 
They also represent a loss in overall e?iciency since the 
energy normally contained therein is not utilized. it has 
been found that compressed air may be introduced into 
the combustion chamber of the engine at desirable times 
and under desirable pressures so as to more completely 
burn the hydrocarbons contained therein. This results in 
greater ef?ciency and also materially reduces the amount 
of unburned hydrocarbons being discharged to the atmos 
phere. It has been found that the amount of carbon 
monoxide which was formerly present in the exhaust gases 
of such engines can be substantially eliminated by com 
plete combustion in this manner. This eliminates an im 
portant danger to the occupants of such vehicles since 
it is well known that carbon monoxide is poisonous and 
detection of its presence in the passenger section of the 
vehicle is not readily accomplished. The introduction 
of compressed air during the latter portion of the normal 
combustion period and continuing through at least a por 
tion of the power stroke also results in lowering the tem 
perature and amount of the exhaust gases left in the com 
bustion chamber at the time of the intake valve opening, 
so that the volumetric e?iciency of the engine and the 
combustion e?iciency are increased. This results in in 
creased power output of the engine and improved detona 
tion characteristics. These bene?ts can be attained while 
utilizing a compressed air source driven by the engine 
and capable of continually delivering air at a minimum 
gage pressure of 30 p.s.i. and in a rate range of 0.5 to 1 
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c.f.rn. per engine cylinder while the engine is operating 
at idle and low speed conditions. 

It has long been proposed to introduce air under pres 
sure during the latter portion of the expansion cycle of 
engines of this nature in order to obtain additional power 
from the energy represented by the pressure of the air. 
it has also been known to introduce compressed air during 
the combustion portion of the cycle in order to augment 
the burning gases to give a second expansion and to per 
mit the burning gases to heat the compressed air so intro 
duced to increase the expansion of that air and thereby 
increase the power of the engine. Systems of this nature 
are disclosed in United States Patents 1,430,480, Whaley 
and 1,904,755, Barthomew, for example. The structure 
disclosed by these patents, however, did not yield su?‘icient 
satisfactory results to warrant their use. This was due 
to various reasons including the type of air compressor 
mechanism used or available to furnish the air and the 
type of mechanisms used to introduce the air into the 
engine cylinder at the proper time. A system of this 
nature requires a source of air under pressure which will 
deliver sufficient quantities at su?icient pressures to ac 
complish the desired results. 
The invention herein disclosed and claimed is carried 

out by providing structural mechanisms which permit the 
introduction of compressed air in suilicient quantities and 
at proper pressures for obtaining highly e?icient results. 
Mechanisms embodying the invention also provide the 
introduction of the air at positions relative to the combus 
tion chamber and the fuel-air mixture contained therein 
which increase the burning e?‘iciency of the fuel. The 
invention also includes structures for the introduction of 
air so timed into each cylinder as to provide improved 
air distribution characteristics within the cylinders. These 
structures include modi?ed spark plugs, ?ttings which 
are utilized in conjunction with standard spark plugs, and 
modi?ed spark plug gaskets. 

In the drawings: 
FIGURE 1 is a schematic illustration of a system em 

bodying the invention and includes one of the forms of 
air introduction mechanism associated with the spark 
plug of an internal combustion engine. 
FIGURE 2 is a cross section view of an air timing 

and distribution mechanism used in the system disclosed 
in FIGURE 1. 
FiGURE 3 is a cross section view of the mechanism 

of FIGURE 2 taken in the direction of arrows 3—3 of 
that ?gure. 
FIGURE 4 is a cross section view of the mechanism 

of FIGURE 2 taken in the direction of arrows 4—-4 of 
that figure. 
FIGURE 5 is apartial view of the mechanism of 

FIGURE 2 with parts broken away and illustrating some 
of the control ori?ces of that mechanism. 
FIGURE 6 is a view of a spark plug with parts broken 

away and in section and so constructed that air may be 
introduced into the engine combustion chamber through 
the spark plug body. 
FIGURE 7 is a cross section view taken through the 

block and head of an internal combustion engine with 
parts broken away and illustrating an engine combustion 
chamber during a portion of the power stroke and par 
ticularly showing the ?ame front progression in the com 

," bustion chamber. 
FTGURE 8 is a view of a spark plug with an adapter 

mechanism which may be used to introduce air into the 
cylinder of an engine. ' 
FIGURE 9 is a section view of a portion of an engine 

having another modi?cation of the air introduction mecha 
nism embodying the invention. 
FIGURE 10 is a section view of a spark plug having 



another modi?cation of the air introduction mechanism 
of the invention. . _ a _ 

FIGURE 11 is an enlargement of a portion of FIG 
URE 10 and showing the position of portions of that 
mechanism when air is being introducedv to the engine 
combustion chamber. - . ' 

FIGURE 12 is an end view of‘ the air outlet'end of 
the mechanism of FIGURE 10 
of arrows 12-12 of that ?gure. 

' FIGURE 13 shows another modi?cation of the spark 
plug for introducing air into an engineicombustion cham 
ber. ‘ ' ' ' 

lustrates engine performance When an engine is operated 
in the ordinary manner and when the engine is operated 
with the system embodying the invention. ' ' 
FIGURE 15 is a 

temperatures obtained plotted against the percent'of extra 
air by volume added.’ ' H _ V - j ‘ 

FIGURE 16 is a graphic illustration of the percent of 
carbon monoxide vfound in the exhaust gases emitted as 
piotted against the percentrof air added. ' I 

‘ ‘FIGURE 17 is a graphic illustration of the’ percent of ‘ 
carbondioxi-de found in the V exhaust gases as [plotted 
against the percent of air added. ' ‘ 

shown in connection with a V-8 typerengine 24} having 
parallel banks 22 and 24 of cylinders 26. The engine is ' 
provided with any Well known fuel-air induction system 
and exhaust gas system and the elements comprising "these 
systems are therefore not illustrated. Eachcylinder 26 
is provided with a spark plug 28 ‘which ignites the fuel 
iair mixture in the cylinder combustion'chamber. in [the 
well known manner. The spark plugs 28 are connected 
to ignition wires 30 to the distributor 32, which may be 
of any well known type, for properly timing the ignition 
sparks ‘of the various vspark .plugs. 7 
practice, the distributor 32 is driven in 
the engine crankshaft. ‘ 
A source of compressed air such 

illustrate/.1 ‘pump 34 may be, 
‘be driven by the engine 20 at a speed such that the pump 
capacity will maintain air in the 
pressure. 

market which will operate under the various engine speed 
conditions to provide the required volume of airifor the 
system at within the required pressure range for, satis-. 
factory operation voft-he system; A pressure regulator 
valve 38 may be provided intermediate pump 34 and tank 
36 if desired. a The air conduit 40 from tank 36 may be. 
divided into two parallel conduits‘ 
tain control valves 46 and 48, respectiveiy, for providing 
a rough and ?ne adjustment of. the air 
from tank 36 'and‘delivered to 
control valve 

timed relation with 

as the schematically 

the engine '20. Another 
50 is positioned in the portion of conduit 

40 beyond the'p-oint Where the-parallel conduits 42 and" 
44 are connected to deliver air into the. single conduit 49. 

Conduit 4i) delivers air passing through valve 5t) into 
a rotary air distributing and timing valve mechanism. 52 
which is mounted adjacent engine 20. vValve mechanism 

‘ FIGURE 14 shows a pressure-time diagram which’ il-, 

graphic illustration of the exhaust 

'air‘tank 36 at a desired. 
Commercial pumps are now available on the‘! 

‘being removed . 
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as taken in the direction» ' - 
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' struction.v » . > 

connects with passage 62 of 
4i ' , r . . 

housing 54 and is maintained 
in the connection posit-ion by the proper installation of 
the bushing in that housing. The blushing may 'be held 
in the housing in any suitable manner such as press ?tting 
it in place. * “ ' . 

Cylinder 58 may be provided with one or more ports 
{70' extending radially through the wall 'o'f'the cylinder 
and connecting chamber 64 with annular chamber .68 of 
bushing 56. As cylinder'SS rotates withinthe bushing 
'55,v air under pressure ‘is, maintained in air distribution 
chamber .64 through this port, chamber and passage'con 

Port-slid and 70 may be oblong‘. The major axes of 
these ports extend transversely 'of bushing 56 and cylinder 
53 and the minor axes extend longitudinally of these ele- ‘ 
merits.’ This permitsfull ?ow of: air from p0rt.66.,and 
annular chamber '68 into air chamber 64 through port 
76 while-cylinder 58is rotated. 

20 
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j The systemillustrated schematically ‘in FEGURE 1 is 
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As is the common . 

I Four ports 72, 74, 76 and 78 are provided adjacent one 
end of the bushing 56 and extend radially through the 
cylinder wall. ,These ports 72, 74, 76 and ,73 are shown 

FIGURES 2 and} land have their centerlines posi 
tioned' in acommon, plane'whichpasses through the cyl 
inder 'at substantially right angles thereto. ' The center 
line of each port is normal to the, centerline of the two . 
adjacent ports.‘ This construction is used when an eight 
cylinder engine is equipped with the system. . It is obvious 
that a modi?ed'port arrangementnwould ‘be required if 
engines with. more or less than eight cylinders'were used. 
Cylinder 5'8 hasione portf80. extending through the cyl 
tinder wall so that’ its centerline is in the'plane' of the axes 
of'ports 72, 74, 76 and 73. The four‘ ports in bushing 56 
are iilust-na-ted as being oblong in respective arrangement 
with four circular outlet passages 32, 84, 86 and 88;‘which 
.are formed to extend radially through the wall of housing 
54 and may be threaded?torreceive suitable ?ttings for 
the connection of air lines leading 'to four of the engine 
cylinders.v ’ The major‘ axes of the oblong ports 72, 74, 

' ' 76, 78 and 86 preferably extend longitudinally ‘of-bushing 
40 

provided." This pump may‘ 

45 
l of the associated ports.v 

56 andrcylinder 58 ‘while their minor axes extend tnans 
versely, of those elements.’ These ?veponts may be of the 
same size while passages~8Z,'84, 86 and 88 are of some 
what greater diameter than the length of- the major axes 

This provides easy arrangement 
‘of the parser bushing 55 duringbushing installation, 
and permits port '80 to pass through ‘positions of exact 
alignment with each of the ports 72, '74, 76 and 7 8 during 
rotation of cylinder '58. 

' fore be distributed to air lines 90, '92, 94 and‘ 96 in the 
50 

42 and 447which cone 1 

52 is illustrated in greater detailin'FIGURES '2 and >5 
and includes a housing 54 having a bore formed there 
through in which a valve bushing 
valve control cylinder 58 isrotatably received within the V 
bushing 56 and has a driven end 66 which may be con; 
nected with the drive sha?t of the distributor 32 or other-V 

in' ' wise driven by the engine crankshaft so as to rotate 
timed relation to the crankshaft. of the engine 20. 

56 is received. 'The 

proper timed relation as cylinder 58 is rotated. , - 

Cylinder 58 has another port 100 similar to port 80 
but positioned-adjacent‘the other end of the cylinder. 
This port has its major axis extending longitudinally of 
the cylinder andein axial alignment with the major axis 

'ot-port 8t}. ,_ , . V . 

5 Bushing 56; has fourv ports Hi2, 1%,136 and 103 which I 
are formed i-na manner similar to ports 72, 74,76 and 78 
and adjacent (the end of the bushing‘opposite those ports. . ‘ 
The v,cen‘terline'of these ports extendingradially of the 
bushing are positioned in a plane which'is-transverse to 
thebushing. ‘Each Of these centerlines is normal to the ' 
centerlines of the adjacent ports. When used with an 8 

_' cylinder engine, however, they areoriented at a 45°vangle 

65 

. discharged to each of the-ports 

fthrough ports 72,_ 74, '76 and 73, 

from-the centerline of the similar ports 72, 574, 76 and 78 
so that air passingfrom chamber 64 vthrough port 190 is 

with a respective timing 45°. later than air discharged 
respectively, during r0‘ 

' tation' of cylinder 58.1 Housing 54 is provided with a cir _ ‘Conduit 40 is connected with" valve mechanism 52 at : 
passage 62 and delivers air under pressure to the air‘dis 
tribution chamber 64~_formed in the portion of cylinder 
58 contained Within bushing 
3y providing a port 66 in the 
56 and extending radially into an annular‘ chamber. 68: 
formed in the interior surface of the bushings‘v Port 66‘ 

56. ' This is‘ "accomplished ' 

central portion offbushing , 

70 
. centerline substantially, in the 
of ports‘ 199, 162,104, 166 and I 

j these ports in bushing‘ 56 ‘arelin substantial centerline' 
' alignment with'th'ese'passages; Theseoutletpassages are 

' also.threadedprtomeceive ?tting-s connecting with air dis 

cular ‘outlet passages 1'16, ‘112, 
plane of the centerlines 
108, so that the four of 

.A-ir from chamber 64 will there! 

132, 104, 106 and 7108 I 

114 and’ 116 with their 
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tribution lines leading to the engine cylinder.‘ These air 
lines‘ 118, 120, 12.2 ‘and 124 are then each connected to 
one of the engine cylinders. 

Cylinder 58 is illustrated as having an end ?ange 126 
and a threaded passage 128 formed in the ?anged end in 
order to permit the formation of chamber 64 within the 
cylinder. Passage 128 is then provided with a plug 131) 
to seal off chamber 64. Flange 126 abuts the end 132 
of bushing 5'6 and locates cylinder 58 axially relative to 
that bushing so that the various ports are in the proper 
longitudinal alignment. An annular retaining plate 134 is 
secured in housing 54 adjacent the end 136 of bushing 56 
and also abuts a shoulder 138 on the end of cylinder 
53 opposite ?ange 126. The driven end 61} of cylinder 
58 is provided with a suitable bearing 140 which engages 
plate 134 and is held in position by pin 142;. Driven end 
60 is suitably constructed to provide a positive drive from 
the drive shaft of distributor 32. 
The spark plug construction 28 illustrated in detail in 

FlGURE 6 and in the installed position in the schematic . 
illustration of FIGURE 1 permits the introduction of air 
under pressure from air line 92, for example, into one 
cylinder 26. The spark plug 28 includes a high tension 
terminal 14-4 which is electrically connected with the cen— 
ter electrode 146. Suitable insulation 148 is provided 
to insulate electrode 146 and its connection with terminal 
144 from the spark plug shell 1511. Shell 151? is provided 
at its lower end with a threaded section 152 which is 
used to install and secure the spark plug in a wall of 
cylinder 26. Electrode 154 is secured to shell 151i and 
positioned adjacent electrode 146 to provide the spark 
gap. The lower end 156 of insulation 148 extends 
through chamber 158 of shell 151}. This chamber ex 
tends froin the shell 1511 through the threaded section 152 
and is open to the cylinder 26 when the spark plug is 
installed. 

Insulation end 156 is spaced from the walls of cham 
ber 158 to provide an air passage for the air being injected 
into the cylinder. A passage 162 is formed through the 
side wall of shell 151) so that it connects with chamber 
158. A tube 154 is brazed or otherwise suitably secured 
to the outer surface of shell 150 so that the passage 156 
through the tube is in alignment with passage 162 in 
the shell. A check valve housing 168 is secured to tube 
166. Air line §2 of FIGURE 1 may connect with hous 
ing 168 at opening 163 to provide air under pressure to 
‘the check valve 170 during operation of the system. 
Check valve 171) is so arranged that the air pressure in 
line 92 must overcome the pressure in passage 166 in 
order to admit air to the engine cylinder. Check valve 
171) is therefore closed when the forces acting on the 
valve and exerted by the combustion pressures are greater 
than the forces created by the pressure of the air supply, 
even though air under pressure may be delivered through 
air line 92 to the valve housing 168. 
The check valve mechanism of housing 168 includes 

chamber 165 formed in the housing and receiving com 
pressed air through opening 163 from the air distribution 
valve. Check valve 176 is formed as a poppet valve with 
a hollow valve stem 167 which extends through chamber 
165. The head of the valve 171) seats on valve seat 169 
provided in housing 168 so that the head is exposed to the 
combustion chamber of the engine through chamber 158 
and passages 162 and 166 of the spark plug. Several 
openings 171 are provided in the stem 167 so that they 
connect chamber 165 with the passage 173 in the valve 
stem. These openings have their axes at an angle to the 
axis of the valve stem and converging upwardly for air 
flow purposes to be described. The upper end of the 
valve stem extends into valve actuating chamber 175 
formed in the upper end of housing 168 so that air under 
pressure is contained in this chamber. 
A valve actuating piston 177 is connected to valve 

stem 167 and operates within chamber 175. The side 
walls of chamber 175 which engage piston 177 therefore 
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acts as cylinder walls for the piston. A compression 
spring 179 acts against piston 177 and a spring seat 
181 retained in housing 1&8 so that the valve 170 is urged 
into engagement with valve seat 169 by the spring. Piston 
177 ?ts the cylinder walls of chamber 175 so as to provide 
an effective air seal. A similar air seal is provided by 
valve stem guide 133 adjacent spring seat 131. Spring 
chamber 135 is vented to atmosphere to prevent the 
entrapment of air behind piston 177. The air provided 
by the air line to opening 163 fills chamber 165, valve 
stem passage 173, ‘and chamber 175 and acts on piston 
177 to urge the valve toward the open position against 
the pressure of sprino 179 and the pressure in the engine 
combustion chamber on the face of valve 171'). When 
the force of air acting on piston 177 overcomes the force 
of spring 179 and the combustion chamber pressure act 
ing on the valve seat, the valve is opened and air under 
pressure passes between valve 171) and valve seat 169 
and into passage 166. It then enters the combustion 
chamber through passage 162 and spark plug chamber 
158. Due to the angular position of openings 171, the 
air tends to pass directly from chamber 1&5 into pas 
sage 166, but is also permitted to how into passage 173 
and chamber 175 to maintain the air pressure therein 
which is acting on piston 177. 
FIGURE 7 illustrates a cross section View of a typical 

engine combustion chamber in which compressed air may 
be introduced in accordance with the invention. The 
engine block 172 has a cylinder wall 174 de?ning a cylin 
der in which a piston 17% is mounted for reciprocation. 
The engine head 173 is suitably secured to the engine 
block over the cylinder to provide a combustion cham 
ber 18%. Suitable intake and exhaust valves may be 
provided to introduce the fuel-air mixture to the com 
bustion chamber and to remove the exhaust gases there 
from. The spark plug 28 is secured in the head 178 so 
that the electrodes 146 and 154 are exposed to the com 
bustion chamber and will ignite the fuel-air mixture in 
the well known manner. The fuel-air mixture within the 
chamber begins to burn in the area immediately adjacent 
the spark plug electrodes upon spark ignition and the 
flame front, represented by dashed lines 182, moves away 
from the point of initial ignition through the combustion 
chamber. During the expansion stroke of the piston 176 
the piston is moving away from the head 178, thereby 
increasing the volume of the combustion chamber. At the 
same time the ?ame front progresses through the combus 
tion chamber. The products of combustion together with 
some unburned hydrocarbons are found intermediate the 
spark plug electrodes and the progressively moving ?ame 
front. These are in the form of gases since they have 
been vaporized and are also subjected to high tempera 
tures. Even though the burning is complete behind the 
flame front insofar as is possible, the unburned hydrocar 
bons remaining may be substantial. This results because 
insufficient oxygen to complete combustion is contained 
in the fuel-air mixture required to initiate combustion. 
Simply stated, there is more fuel introduced in the fuel 
air mixture than there is air to complete the burning 
operation. While the remaining upburned hydrocarbons 
are subjected to elevated temperatures in the neighbor 
hood of 600° to 800° F., they cannot burn. Air is there 
fore introduced through the spark plug 28 behind the 
?ame front and mixes with the various gases including the 
unburned hydrocarbons. This supplies sutlicient oxygen 
to complete the burning of the hydrocarbons during the 
later portion of the expansion stroke and this burning 
operation may continue in the combustion chamber dur 
ing a portion of the exhaust stroke. The gases exhausted 
from the combustion chamber will then contain com 
bustion products and substantially smaller amounts of 
unburned hydrocarbons than is the case when the engine 
is operated in accordance with common practice, In some 
instances no unburned hydrocarbons Will remain. The 
air passing through the spark plug chamber 158 also 
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passes over’and around the electrodes 146 and154~ of 
the spark plug and’ provides .a cooling effect as well 
tending to keep the electrodes free of deposits. . 

' The modi?cation 'illustrated'in FIGURE 8 provides a»: 
different structure for the'rintroduction' of air into the 
engine combustion'cliainber. A Y-shaped adaptor or ?t 

' eji 75,516,‘ 

as p 

. ‘or. 

ting 134 is provided with’ a spark plug receiving-passage v 
186 in which any suitable- spark plug 138 may be installed. 
The spark plug electrodes 1% and 192 extend; into a I 
chamber 1% formed within the?tting 134. Fitting 184 is: 
also provided with a connection 396 which will ?t into th . 
spark plug opening, nomally provided in an engine. A pas 
sage 1% extends through connection 1% and connects 
chamber 194 with the engine combustion chamber. An 
other passage Z?iiis formed in one of the branches of ?t 
ting 184 and is constructed to receive an air’ line connection 
?ting 2&2 so that an air line such as air line 92 of FIGURE 
1 may introduce air into the engine combustion chamber» 
through passage 2%, chamber 1% and passage 123." Fit- ' 
ting 202 may be provided with a ball check valve 2694 _ 
which is retained Within the ?tting by a suitable retainer 
206. This retainer‘ peirmitspthe valve 264 to move under 
in?uence of compressed air andcombustion chamber pres 
sures to open and close passage 208 of the ?tting; The; 
retainer is perforated to permit free passage of air there 
through. Valve 2% is normally open to permit air to ‘ 
flow from the ?tting 292 to the engine combustion cham 
ber. When the combustion chamber pressure exceeds the 
pressure in the ?tting passage 268, however, ball- check‘ 
valve 294 is moved upwardly to engage valve seat 271% and 
prevent a mixture of fuel and air or. combustion gases . 
from enteringthe air supply line. ‘This modi?cation ac 
complishes the same results as does the modi?cation of 
FIGURE 6 insofar as the introduction of air .into the 
combustion chamber is concerned. It’ has certain ad 

; gases contained in the combustion chamber at the time , 
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plug threads so that air passagesare-provided-r between’ 
the shell end 214 and the wall 222 when the assembly is in 
thejinstalledv position, Slots 24d) extend into the portion 
of the shell adjacent. the elongated gasket'224 and permit 
air tov?ow from the- chamber 242 provided by cylinder 
239 and the spark plug shell._ The outer ends244 of slots 
2% preferably terminate short of the extreme end of the 
shell threaded portion 7220'so that air passing through the 
slots into the enginercombustion chamber is directed out 
wardly from the spark plug assembly. Some of the air 
flow will be across face 246 of the combustion chamber 
wall 222; .Ports 248 may be provided in the threaded 
.end 220 of the spark plug shell so as to connect some or 
all of the slots 240 with inner chamber, 250 of the spark 
plug assembly. Air will then also be directed aroundthe 

' inner electrode 216 and, the outer'electrode 252 and into 
the'combusti'on chamber’ in a direction substantially nor- - 

. p‘mal to thechamber wall 222. 
reasyvinstallation of this portion of 'the ‘system and also 

This modi?cation permits 

directs, the compressed air into the'combusti'on chamber 
in various directions. ‘It provides .more complete and 
quicker mixing of'the compressed air with ‘the various 

of air introduction; It also providesan electrode cooling 
and cleansing effect. j ' 1 I l I _ 

FIGURElOpshows another modi?cation of the mecha 
- nism which may be used to introduce the: compressed air 
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into the engine cylinder. ‘In this modi?cation the com; 
pressed air'is introduced through the interior of the spark 
plug with the air'connectionto the spark'plug being made 
adjacent the spark plugterminal. ‘A check valve is pro 

' vided as an integralrpart of the spark plug. 

vantages in that standard spark'splugs such ‘as those now . 
on the market may be used with the modi?cation. Since 
thespark plug electrodes 1% and‘ 192 extend into the : 
compressed air stream they also receivebene?cial cooling 
and cleansing effects. ' ' ' 

Another modi?cation of the air injection mechanismis 
illustratedin FIGURE 9. In this construction the spark I 
plug 212 has an elongated metallic shell end 214 which 
surrounds the inner electrode 216 and the electrode insula 
tion shell 218.. The shell end 214 may be threaded at 
220 so‘ that the plug can be screwed into the combustion ' 

' chamber wall 222. This wall may be a portion of the 

40 

engine combustion head or the engine block.‘v The addi- > 
tional length of shell'end 214 is realized inthe area where 
the spark plug gasket is normally received. In'this modi 

‘ ?cation a spark plug gasket 224 is provided which is cylin 
drical in form and axially longer than the usual gasket. 
The assembly'includes deformable gaskets 226 and 228," 
which may be of the type commonly used with spark 
plugs. These gaskets have their facing surfaces in engage- ' 
ment with the annular cylinder portion 23% of the assem 
bly 224 at opposite ends thereof. Gasket 226 also en-1 
gages wall 222 to seal the spark plug and gasket'assembly 
at that point and gasket 228‘engages shoulder 232 of the 
spark plug shell 214 in order to seal the assembly at that 

which tube 234' secured in ,sucha manner that the tube 
A passage is provided through cylinder 23%), in’ 

.50 

‘ The spark plug 254 of FIGURE 10 includes a.v terminal 
236 and an insulation shell 258,'a metallic shell 260 in 
which ‘the insulation sehell is mounted, an inner electrode 

I 262,,an outer electrode 264, and ;various elements provid 
i'ngan electrical 'connectionfrom the terminal 256 to the 

v electrode 262 throughthe insulation shell 258. .‘The ter 
minal 256 isVadjacent-to a ?tting 266 to which an air line 
such asair line 92, of FIGURE 1 may be attached to pro 
vide compressed air to the sparkplug. In the construc 
tion illustrated ?tting 266 ‘is provided with an annular 
?ange section 268 through Which'the lower portion of ter 
minal 256 extends inorder' to attach the ?tting to the 
r'nainpbody of the spark plug. .A valve seat member 276 is 
provided with interior threads into which the lower end 
of terminal 256 is threaded'to hold ?tting 266'and the 
terminal in place. This arrangement also electrically con 
nects terminal 256 to member 270. Gaskets 272 and 274 
are provided on either side of the ?tting ?anged section 
268 to prevent leakage of air.. Fitting 266 has a passage 
2% which connectswtih the terminal-receiving opening 
in' ?anged'section 268. Terminal256 has a longitudinal 
passage 278 and a radially'extending passage 280 which 
conduct. air from ?tting 256 to the interior of valve seat 
member 270. ._ The lower end 282 of the valve seat mem 

- her is provided With'a conical section inner surface 284 
' i which acts as the seat forcheck'valve 286. Passage 283 

60 

will not interfere with the wall 222 when the assembly is ~ 
installed. Tube 234 has a passage 236which connects 
With/the interior portion of cylinder, 230 and through 
which air may be introduced from an airline such as air ‘ 
line 22 of FIGURE 1. A check valve ‘assembly 233’may' 
be provided at the air line end of tube234 and will operate 

in memberp270 connects terminal passage 2'73with ‘one 
side of the valve 286. A spring seat'25‘il is formed on the 
interior'slurface of passage. 288 and a coiled compression 
spring 292is received o'n'the opposite side of seat 290 

' from valve 236. Details of this portion of the structure 
I’ are best seen in FIGURE 11; Spring ‘292 acts against 

spring seat 294 which is attached to ‘valve 286 by rod 
' 296 so that thespring urges valve286 to‘the closed posi 

' tion against surface.284.,;,Spring seat 294 is provided 
' with several openings 298§throughrwhich air may pass 

in a manner similar to that of the check valve 176 of: )7 
FIGURE‘VG or check valve 204 of FIGURE 8. 
The outer surface of the threaded ‘portion 22%) of the 

spark plugrishell end 214 is' providedwith a plurality of" 
circumferentially spaced slots’ 245-5 which extend longie 
tudinally of the spark plug shell and are cut thr'oughthe, 
threads.’ The slots 2% are cut deeper than the spark 

during thegoperation of the mechanism. .Valve 286 is 
illustrated as having 'a cup formation with a tapered sec 

, tion 300 mating with'surface 284 of valve seat‘27ti. The 
' valve 'is alsov provided with a generally cylindrical‘ portion 
362 which extends below the’ end of valve seat 270 and 

V intonvalve chamberSM. Apertures 303 are formed in the 
walls of portion 320" to permit air flow beyond the valve 
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when the valve is fully opened in the’ position illustrated 
in FIGURE 11. Chamber 304 is formed in sleeve 3%. 
This sleeve acts as a mount for member 270 and also as 
an electrical conductor for the electrical operation of the 
spark plug. Valve seat member 2'70 is threaded into the 
upper end of sleeve 306. Valve chamber 304 is connected 
to a passage 308 leading through sleeve 306 to conduct 
compressed air which passes member 270 onward into the 
combustion chamber. The reduced end 310 of sleeve 305 
is secured within the insulation shell 258 and passage 312 
is sealed by a seal 314. The upper end 316 of inner elec 
trode 262 is ?ared at 518 to extend into passage 312 and 
locate the position of the inner electrode in the insulation 
shell 258. Tubular member 320 is secured within the 

I passage 308 of sleeve 306 in a suitable manner such as by 
press ?tting or brazing. An enlarged head 322 is provided 
at the lower end of member 320 and this head engages 
the ?ared end 318 of electrode 262 to seal the air passage 
provided by passages 324 and 326 through member 320 
and electrode 262, respectively. The lower end of elec 
trode 262 is provided with an enlarged head 328 at the 
terminal end of passage 326. Openings 330, 332, 334 
and 336 are provided in head 328 so that they connect 
with passage 326 and extend angularly downward and 
outward. These openings discharge the compressed air 
into the combustion chamber of the engine. Although 
four openings are illustrated, a di?ierent number of open 
ings may be used if desired. In the construction best seen 
in FIGURE 12 it may be noted that opening 332 dis— 
charges air so that it impinges upon outer electrode 264, 

. thereby assisting in keeping that electrode clean and also 
having a cooling e?Yect on it. The air discharged through 
the electrode openings passes into the combustion cham 
ber in a conical spray pattern to provide effective air 
delivery. 
The modi?cation shown in FIGURE 13 is generally 

similar to the modi?cation illustrated in FIGURE 10 but 
is somewhat simpli?ed in construction. The spark plug 
terminal 338 is integrally formed with the air line ?tting 
340 and is threaded into the insulation shell 3452. An air 
passage 344 connects with the valve spring chamber 3416 
contained within the shell 342 and the valve seat sleeve 
348. Valve 350 has a hollow stem 352 which is mounted 
for reciprocation in the closed end 354 of sleeve 348. A 
valve stem guide 356 is secured within the sleeve 348. 
Valve spring 358 seats against a shoulder formed inside 
sleeve 348 and reacts against spring seat 360 which is 
mounted on the upper end of valve stem 352. Openings 
352 are provided within spring seat 360 to prevent en 
trapment of air in the portion of chamber 346 occupied by 
spring 358. The lower end of chamber 346 underneath 
guide 356 is vented to the atmosphere through passage 
364 in sleeve 343 and a mating passage 366 extending 
through seal 342. The closed end 354 of sleeve 343 is 
provided with a valve seat 368 against which the valve is 
urged by spring 358. Several ori?ces 370 extend through 
the wall of the hollow valve stem 352 immediately ad 
jacent the valve seat 350 so that air is available at the 
valve seat 368 to keep the seat clear of foreign matter 
when the valve is opened. Since air passing through ori 
?ces 370 is received within seat chamber 372 when the 
valve is'closed, a larger area is provided on which the 
compressed air acts and tends to open the valve against 
the forces of spring 358. 
The outer electrode 374 of the spark plug is attached 

to the spark plug metal shell 376 in a conventional man 
ner. The inner electrode 378 is provided as a hollow tube 
which extends through and below the end of insulation 
shell 342 to a point adjacent the electrode 374 to establish 
the spark gap of the plug. The upper end 380 of the 
tubular electrode 378 is outwardly ?ared and in engage 
merit with the lower end of sleeve 348 through a washer 
382 to provide electrical contact from terminal 338 to the 
electrode 378. a 

When valve 350 is opened, air passes through passage 
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344 and chamber 346 into the hollow stem 352 of the 
check valve. The air then passes through ori?ces 370. 
When the valve is opened only a slight amount the air 
passes through chamber 372 and then through the inner 
electrode passage As the valve is open to the full 
extent, the air may pass directly from ori?ces 370 into 
electrode passage 334. The air is discharged through the 
end 386 of electrode 373 and some of the air passes over 
outer electrode 374-, tending to clean and cool that elec 
trode. The outer electrode 3'74 also acts to break up the 
air ?ow and disperse the compressed air throughout the 
combustion chamber. 
FIGURES 14 through 17 show typical operating curves 

obtained with an engine utilizing a system embodying the 
invention. Air was injected at a center injection point of 
38° before bottom dead center in the expansion stroke at 
approximately 150 p.s.i. 
FIGURE 14 shows a pressure-time diagram with time 

being indicated in terms of crank angle. Curve 388 is 
plotted to indicate the pressure existing in the combustion 
chamber during the compression, expansion, exhaust and 
intake portions of the engine cycle of a typical four stroke 
cycle engine. Point 390 is the point at which combustion 
within the combustion chamber is theoretically complete. 
It is noted that this point occurs during the ?rst half of 
the expansion stroke and is on the side of the curve beyond 
the point of maximum pressure. When operating with the 
system which embodies the invention, compressed air is 
introduced approximately at point 392 and continues to 
flow into the combustion chamber until point 394 is 
reached. When no air is introduced, the curve 383 will 
follow the full line. When air is introduced, however, the 
curve deviates along the dashed line 396. The change in 
pressure results primarily from the combustion of the 
previously unburned hydrocarbons. 
FIGURE 15 illustrates the changes obtained in exhaust 

temperature (measured in degrees Fahrenheit) as the 
percent of extra air introduced into the combustion cham 
ber was increased. Curve 400 shows that the exhaust 
temperature increases from about 780° F. with no extra 
air added to about 1050° F. with 30% extra air added, this 
increase being a substantially straight line variation. The 
temperature increase then begins to level off to about 
1125° F. when 50% extra air is introduced. This curve 
represents exhaust temperature changes with an engine 
running at an idle speed of 500 r.p.m. with an air-fuel 
ratio of 11:1. 

Curve 402 shows the exhaust temperature change when 
an engine was operated under full load at approximately 
1200 rpm. with a 13:1 air-fuel ratio. As the percent of 
extra air changed from 0 to 25 %, a net increase in exhaust 
temperature of approximately 125° F. has been noted. 

Curve 4'04 shows the exhaust temperature increase when 
an engine was operating under road load at 1500 r.p.m. 
with a 13:1 air-fuel ratio. A net exhaust temperature 
change of about 175° F. was obtained as the percent of 
extra air was increased from 0 to 25%. 

Curve 406 shows the exhaust temperature change when 
an engine was operating under road load at 2000 r.p.m. 
with a 13:1 air-fuel ratio. The exhaust temperature in 
creased approximately 100° as the percent of extra air 
added changed from 0 to 25% and no further appreciable 
exhaust temperature increase was obtained when a greater 
percentage of extra air was added. 

All of the curves in FIGURE 15 clearly indicate that 
combustion of the unburned hydrocarbons is obtained in 
the combustion chamber and that this combustion is sub 
stantial. The combustion results in greater engine power 
as well as the reduction of unburned hydrocarbons. 
FIGURE 16 shows the reduction in carbon monoxide as 

the percentage of extra air was varied from 0 to 50%. 
When the engine was operating at an idle speed of 500 
rpm. and a 11:1 air-fuel ratio, carbon monoxide was 
found to provide approximately 13% of the exhaust 
gases emitted when no extra air was introduced. This 
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percentage is halved by theintroduction by ‘approximately, 
10% extra air and is reduce-d'torzero when the percentage v 
of extra air introduced is increased to approximately 46%; 

The ‘greatest amount‘of 
carbon monoxide is obtainedrrunder the engine idle condi- '7 
tions during whichthe amount of fuel in the air-fuel ratio 

Curve 408 illustrates this effect. 

is largest. ~ 

As the engine was operated at higher speeds and under _ 
road- load conditions, lesser amounts of carbon monoxide ' 
were found in the exhaust gases. With the'engine operat 
ing in the normal manner at 1500 r.p.m. under road load 
conditions and using no extra air, the percentage of carbon 
monoxide present was between 3 ‘and 4%. 

carbon monoxide present, was reduced to zero. . Curve 410 
illustrates this performance. Dashed curve 412 shows the 
engine operation at 2000 rpm. under road load condi 
tions. 
monoxide, when no extra air was introduced, was reduced 
to zero when approximately 18% extra air was introduced. 
FIGURE , 17 shows the increase in the percent _of ' 

carbon dioxide in the exhaust. gases under various engine ' 

I When ap- ' 

proximately 12% extra air was introduced the amount of, 

The presence of approximately 3% of carbon‘ 

is 
'munic'ating‘ with said’ passage, a check valve assembly: 
secured to said tubular'means and’ having’ a normally 
closed check valvemountedtherein, said check valve as 

‘ sembly. comprises, a housing having a compressed air 
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Hchamber formedthere'in and a check valve seat formed 
externallyjof said air chamber, a check valve having a 

I valve stem extending through said chamber'and a valve 
head positioned‘ externally of said chamber‘ and adapted 
to engage lsaid seat’ and'to open outwardly therefrom, 
said'valve stern being hollow and having a valve actuat 
ing piston mounted on the end thereof oppositesaid valve 

'‘ head, said‘ housing having a valve piston chamber formed 

'20. 

load and speed conditions as" the percentage of extra air ' 
was increased. The presence of additional ‘carbon di-v 
oxide indicated more complete combustion. Curve 414 
shows the increase of carbon dioxide from approximately 
5% to more than 14%; as ‘the percentage of extra air 
was-increased from zero to 40%. ’ 
obtained when the engine was operating atan idle speed 
of 500 rpm. and an air-fuel ratio ‘of 11:1. Curve ‘4116 

Theseresults were,’ i 

30 
shows that the‘ percentage of carbon dioxidein the ex, . 
haust gases increased from approximately 12%’ to 15.5% 
with the introduction of 20%‘ extra air. Dashed curve 
418 shows that the carbon dioxide content of the exhaust “ 
gases increased from slightly-less than 12% to approxi-' 
mately 15.5% when 20% extra air was introduced. 
These curves illustrate and, con?rm the fact that addition- j 
al combustion takes place in the combustion chamber as 
extra air is introduced in accordance with the system’ 
embodied in the invention. 

' It has been found that the center point’ of the» air in-; 
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therein adjacent said air chamber and reciprocably receiv 
ing said valve piston therein, a spring received within said 
valve piston chamber and acting against said piston and 
said housing to urge said check valve into the closed 
position, said hollow valve stem having an axialpassage 
formed. therein‘ and communicating with said, piston 
chamber and a passage formed in the wall of said valve 
stem and communicatingwith said air chamber'where 
by‘air under, pressure may act Oll‘SHid piston against the 
'force of said spring ‘to urge said check ,valve'into the 
open position and permit .air toy?ow byjsaid check valve 
head and seat from said aircharnber; 

- 2. An air injection spark plug assembly for use in an 
internal combustion air injection system comprising a, 
spark plug metallic shell having a threaded lower end 
for securing said spark ,plug in 'a combustion chamber 
spark'plug, opening, an insulation shell sealingly mounted 
in said metallic? shell and having the lower end thereof 
spaced radially inward from the ‘inner surface‘ of said 
metallicshell to provide an annular chamber adapted to 
communicate with the enginev combustion chamber, an 
inner electrode extending through said-insulation shell 
and'an outer electrode secured‘ to said metallic shell ad 
jacent said'inner electrode to provide a‘ spark: gap, a 
passage formed through said’ metallic shell and :com 
'municating with ‘said annular‘chamber, tubular, means ' 
secured vto said metallic shellexternally thereof ‘and com 
municating with saidpassage, acheck :valve assembly 

' secured to said tubular'means and having ,a normally 
jection timing is most e?ective atrlaboutr 38° ‘before ' 
bottom deadcenter in the engine. expansion stroke,‘ al- , 
though the engine is relatively insensitive to I timingr' 
changes under a range from 60° to 10° before bottom' 
dead center. The entire period of air injection has been 
varied in tests and has been'found to' bemost eiiective' 
when it covers approximately at 100° range of crank 
angle; 'As may be noted by the curves in FIGURES 14 _ . 
through 17 the percentage of. extra air necessary-to ,ob 
tain substantially complete combustion approaches 50% 
with very rich mixture at light loads. 'In terms of air 
volume, however, this is a relatively small amount of air -' 
and is well within the capabilities of compressors now’ 
available. It has been found that border line detonation 
characteristics are improved by the use of air injection 
under these conditions and a de?nite reduction indet 
onation intensity results with increased amounts of extra’ 
air. . . w ' 

I claim: ' 

1. An air injection spark plug assembly for use‘ in an 
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closed check valve mounted therein, said check valve as 
sembly comprises, a housing , having an air pressure 

I chamber formed therein and an air inlet for admitting 
' air under pressure tolsaid chamber, an air outlet formed 
"in said chamber and providing a valve seat externally of 
'said chamber,'a valve guide formedin one wall‘of said 
chamber opposite said. air outlet, said housing also hav 
ing a valve actuating piston chamber formed therein, 

' said valve guide forming one Wall of said actuating piston 
chamber, a poppet type check valve having a valve head 

' adapted to be seated on said valve seat and a hollow stem 
extending through said air outlet and- said air pressure 
chamber and said'valve guide and into said actuating 

1 piston chamber, a valve actuatinghpiston secured to the 
' end of said valve stem in said actuating piston chamber, 

7 spring means acting on saidpistonto urge said valve 
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internal combustion'engine air injection system comprise" * 
ing _a spark plug metallic shell having a threaded lower 
end for securing said spark plug in a combustion chamber 
spark plug opening, an insulation shell Vsealingly mount 
ed in said metallic shell andhaving'theilower, end there 
of spaced radially inward from the inner surface of said 
metallic shell to provide an annular chamber adapted 
to communicate with the engine combustion chamber, 
an inner electrode-extending through said insulation shell 
and an outer‘ electrode secured to said metallic. shell’ ad 
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jacent said ‘inner electrode-to provide‘a spark gap'ga ' 
passage formed through said metallic shell and, com-, . 
Vmunicating with'said annular chamber, tubular means 

- secured to said metallic shell externally thereof and'comi 

head into engagement with said valve seat, said valve 
hollow stemhaving a ‘plurality. ofv aperturesformed there 
in and connecting said air pressure chamber‘ to said actu 
ating'piston chamber through said hollow valve stem so 
that air in said airr'pressure chamber acts on said valve 
actuatingpiston to oppose said spring means, said valve 
being urged to. the open vposition when air pressure in 
said actuating piston chamber overcomes. the force of 

/ said spring-means andnany. pressure acting ‘against said 
valve head tending to keep said valve'closed. 
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