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ABSTRACT OF THE DISCLOSURE 

There is provided an oxidizer :for the exhaust gases of 
an internal combustion engine designed to burn off in 
completely consumed combustible components of the ex 
haust gases. A combustion chamber maintained at com 
bustion temperature is provided in the exhaust system. The 
inner surface of the combustion chamber is re?ective to 
thermal radiations thereby to maintain the required high 
temperature in the combustion chamber. An oxidizing 
agent such as atmospheric air is drawn into the exhaust 
system to support combustion. The combustion chamber 
may include ignition means such as jagged edges of 
tapered metal tongues to prevent blow-out of the com 
bustible material. 

The present application is a continuation-in-part of 
application Ser. No. 438,660, ?led Mar. 10, 196-5 and 
application Ser. No. 540,412, ?led Apr. 5, 1966, both now 
abandoned. 

This invention relates to oxidation apparatus for the 
combustion of unburned components remaining in ex 
haust gases of internal combustion engines. 

There has been appreciable activity directed to the pre 
vention of smog produced by the exhaust gases of inter 
nal combustion engines during the past several years. 
Considerable legislation has been passed and appreciably 
more is under consideration, requiring that automotive 
vehicles be equipped with devices for the elimination of 
unburned components from the exhaust gases. Various 
arrangements have been proposed for the solution of the 
problems involved, but because of high costs in some cases 
and inadequate operation in others, the problems have not 
‘been solved thus far. 

It is an object of the present invention therefore to 
provide a new and improved apparatus for burning un 
‘burned components remaining in exhaust gases of inter 
nal combustion engines. 

Another object of thepresent invention is the provi 
sion of new and improved exhaust apparatus for internal 
combustion engines. 

Further objects and advantages of the present invention 
will become apparent as the following description pro 
ceeds and the features of novelty which characterize the 
invention will be pointed out with particularity in the 
claims annexed to and forming a part of this speci?ca 
tion. 
The apparatus contemplated by the present invention 

comprises a conduit having an inlet for exhaust gases, 
means for introducing an oxidizing ?uid into the conduit 
for admixture with the gases, a container de?ning a hol 
low combustion chamber connected to the conduit, the 
chamber having an internal wall surface resistant to high 
temperature gases and highly re?ective to radiations in 
the infrared or heat range, de?ned as having wavelengths 
from 0.6 to 10.0 microns, and a discharge tube communi 
cating with the chamber. The exhaust gases may pass in 
direct contact with the internal wall surface of the com 
bustion chamber to be heated by thermal radiation there 
from. 
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It has been found that the radiant energy emission spec 

trum from burning fuels has very little radiation beyond 
10 microns and that the visible radiation, below 0.6 mi 
cron, is not present in amounts to be worth re?ecting. 
Thus, the radiation wavelength in the infrared range of 
0.6 to 10.0 micron wavelength represents the practical 
region for re?ective efforts. 
_Any re?ective surface in the combustion chamber may 

be used which has 'su?icient re?ection in the 0.6 to 10.0 
micron range and which will not deteriorate at the tem 
peratures and atmosphere conditions to which it is ex 
posed. Generally, an oxide layer on the surface creates a 
loss of sni?cient thermal re?ection so that the device is 
rendered inoperative. Gold has been found to satisfy the 
requirements for a surface coating. The extremely high 
thermal re?ectance of gold in the infrared region of 0.6 
to 10.0 microns provides a very effective combustor. More 
over, gold resists the formation of oxides and the build-up 
of carbon coatings so that its efficiency remains unim 
paired over a long period of operation. 

Stainless steel and iron, commonly used in engine ex 
hause systems and mu?lers, proved unsatisfactory as ther 
mal re?ectors. Although they worked fairly well at ?rst, 
they ceased to operate when darkened by oxidation caus 
ing loss in thermal re?ectivity. Silver, platinum, chromium 
and nickel were also found unsatisfactory and inoperative. 
Aluminum would not stand up to the 1600° to 1800° F. 
temperatures encountered in the combustion chambers. 

In one embodiment the inlet conduit extends into the 
combustion chamber and has a plurality of perforations 
which may be de?ned by jagged edges in the form of 
tapered metal tongues extending towards the re?ective sur 
face, the aggregate area of the perforations being at least 
as great as the cross sectional area of the conduit. 

In another embodiment the conduit is in the form of a 
nozzle having a reduced throat acting as a venturi, and the 
conduit downstream of the throat de?nes the combustion 
chamber. If desired, an igniter can be disposed in the com 
bustion chamber, which may be in the form of metal 
?lamentary material. 
The internal surface of the hollow combustion chamber 

is coated with a suitable temperature resistant and ther 
mally re?ective material such as gold, and the external 
surface may be similarly coated to de?ne re?ective sur 
faces having the required characteristics of re?ectivity of 
radiations within the necessary range resistance to attack 
by the gases encountered, and retentivity of the re?ective 
properties. The gold coating applied to the container may 
be superimposed upon a layer of nickel, in accordance 
with known practice, to avoid diffusion of the gold into 
the sheet metal from which the container is likely to be 
formed. 
A more complete understanding of the invention will 

follow from a description of the accompanying draw 
ings wherein: 

FIG. 1 is a somewhat diagrammatic elevation depict~ 
ing the apparatus of the present invention, partially in 
section; 

FIG. 2 is a fragmentary sectional elevation on an en 
larged scale depicting the gold coated chamberwall and 
taken along line 2-—2 of FIG. 1; 

FIG. 3 is an elevation depicting a connection between 
the engine crankcase and apparatus of the type shown in 
FIG. 1; 

FIG. 4 is a somewhat diagrammatic elevaiton accord 
ing to another embodiment of the present invention illus 
trating conduits having perforations with sharp, jagged 
points; 

FIG. 5 ‘is a fragmentary elevation, partially in section, 
depicting the perforated structure of the conduits; 
FIG. 6 is a somewhat schematic side view depicting 

another embodiment of the apparatus of the invention 
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interposed between an exhaust manifold of an engine and 
a muffler; 

FIG. 7 is a sectional elevation illustrating the embodi 
ment of the invention illustrated in FIG. 6; 
FIG. 8 is a sectional elevation depicting yet another 

embodiment of the invention; 
FIG. 9 is a section taken along line 9—-9 of FIG. 7; 
FIG. 10 is a section taken along line 10--10 of FIG. 7; 

and 
FIG. 11 is a section taken along line 11—~11 of FIG. 7. 
Referring now to the drawings, and particularly to 

the embodiment of FIGS. 1 and 2, there is illustrated an 
internal combustion engine 8 having an exhaust manifold 
10 joined by a coupling 12 to a conduit 14 provided with 
an inlet ?tting 16 adjacent the exhaust manifold for the 
introduction of air or other oxidizing medium through an 
inlet pipe 18 to support combustion of any components 
remaining in the exhaust gases which are susceptible to 
oxidation. The discharge end 20 of the conduit 14 is re~ 
ceived within a container 22 de?ning a hollow combus 
tion chamber and which is in turn enclosed within a 
housing 24 having an axial wall or walls 26 and end walls 
28. A discharge tube or tail pipe 30 has an inlet end 32 
disposed within the container 22 and its discharge end 34 
in communication with atmosphere. The housing 24 is 
assembled by means of welded joints 36 to provide a 
?uid tight enclosure for the container 22 and the ends of 
the conduit 14 and discharge tube 30. 
The ends of the conduit 14 and discharge tube 30 are 

closed by means of plates 38 in order that the exhaust 
gases undergoing treatment will ?ow through perfora 
tions or openings 40 formed in the portions of the con 
duit and discharge tube within the container 22 and 
adjacent their ends. A section of the wall of the container 
22 has been depicted in FIG. 2 wherein a sheet metal 
wall 44, which may be sheet steel, is plated on its op 
posite surfaces with a layer of nickel 46, over which 
layers of gold 48 are deposited. As will be evident from 
FIG. 1, all of the walls of the container 22 are similarly 
gold plated to assure the maximum retention of heat 
within the container. These gold coated re?ective sur 
faces also serve to re?ect thermal radiations produced 
by virtue of the chemical reactions occuring during com 
bustion. Gold is used as the re?ecting material because 
it provides the' characteristics primarily required for effec~ 
tive operation of the apparatus. It is resistant to heat and 
heat shock, retains its thermal re?ective properties, is 
resistant to corrosion, particularly at the temperature 
range of 1600° F. to 1800" F. required for combustion 
and is effective as a thermal re?ector in the infrared 
wavelength rang of 0.6 to 10.0 microns, the most critical 
portion of that range lying between 2.0 and 6.0 microns. 
The thickness of the gold plating must be su?icient to 
assure maximum thermal re?ectivity. Accordingly, a min 
imum thickness of the order of 0.0003 inch is preferred. A 
suitable minimum thickness for the nickel coating beneath 
the gold will be of the order of about 0.007 inch. 
The combustion air inlet 18 ‘is preferably located ad 

jacent the exhaust manifold 10 to reduce heat loss and 
enhance mixing of the air with the gases. The combus 
tion air can be introduced by a blower or by a venturi 
action, or otherwise as may be desired. 
The apparatus of FIGS. 1 and 2 is shown in FIG. 3 

with the addition of a tubular connection 50 between 
the crankcase of the internal combustion engine 8 and 
a tube 54 through which the air or other oxidation sup 
porting ?uid is introduced into the inlet pipe 18 so as to 
induce the ?ow of the vapors from the crankcase. The 
tube 54 is preferably formed of material having a low 
heat conductivity to preclude combustion of the crank 
case vapors prior to their entry into the container 22. 
By directing these crankcase vapors into the container 
22, the combustion of the oxidizable components of the 
exhaust gases will be facilitated and the difficulties, such 
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4 
as sticking valves, attending the introduction of these 
vapors through the carburetor, will be avoided. 

FIGS. 4 and 5 illustrate an embodiment of the in 
vention wherein ignition of the unburned materials is 
aided by hot projections into the combustion chamber. 
Similar parts of the embodiment of FIGS. 4 and 5 and 
of the embodiment of FIGS. 1 to 3 are identi?ed by the 
same reference numerals. As therein illustrated, the in 
ternal combustion engine exhaust manifold 10 is joined 
by a coupling 12 to a conduit 14 provided with an inlet 
?tting 16 adjacent the exhaust manifold for the intro 
duction of air through an inlet pipe 18 to support com~ 
bustion of any components remaining in the exhaust 
gases which are susceptible to oxidation. The discharge 
end 20 of the conduit 14 is received within a container 
22 which is in turn enclosed within a housing 24 having 
an axial wall or walls 26 and end walls 28. A discharge 
tube or tail pipe 30 has an inlet end 32 disposed Within 
the container 22 and its discharge end 34 in communi 
cation with atmosphere. The housing 24 is assembled by 
means of welded joints 36 to provide a ?uid tight en 
closure for the container 22 and the ends of the conduit 
14 and discharge tube 30. 
The ends of the conduit 14 and discharge tube 30 are 

closed by means of plates 38 in order that the exhaust gases 
vundergoing treatment will ?ow through perforations 41 
formed in the portions of the conduit and discharge tube 
within the container 22 and adjacent their ends. The con 
duit 14 and discharge tube 30 are composed of a relatively 
low thermal conductivity alloy such as 347 stainless steel 
and the perforations are de?ned by jagged edges in the 
form of tapered metal tongues, resembling a structure 
commonly found in food graters. The con?guration pro 
ducing these perforations is illustrated in FIG. 5 wherein 
the tapered metal tongues 42 produce the jagged edges and 
tend to concentrate the heat at a plurality of points with 
in the container to assure ignition of the components of 
the exhaust gases to be oxidized. Preferably, the aggregate 
area of the perforations is at least as great as the cross sec 
tional area of the conduit carrying the exhaust gases. 
Inasmuch as the discharge from an internal combustion 

engine occurs in the form of pulses, it is believed that the 
shock waves produced by such a system contribute to the 
heating effects at the jagged edges de?ning the perfora 
tions 41 to effect the desired combustion of the exhaust 
gas components susceptible to oxidation. The resemblance 
of the construction of the present apparatus to mu?iers of 
the types used for automotive engines will be recognized 
immediately by those skilled in the art. And, as a matter 
of fact, the apparatus constituting the present invention 
will function as a mu?ler as well as serving to effect com 
bustion of the oxidizable exhaust gas components. 

If desired, the jagged edge perforations may be used in 
connection with a gold coated combustion chamber, as il 
lustrated in FIG. 4, thus improving the operation of the 
oxidation apparatus. However, it is understood that under 
certain conditions, the hot jagged edges of the perfora 
tions 41 may be su?icient by themselves to maintain ig 
nition of the unburned components of the exhaust gases. 

Referring now to the embodiment of FIGS. 6 and 7, 
there is illustrated the internal combustion engine 8, some 
what diagrammatically represented in FIG. 6, with the 
exhaust manifold 10 whose ?ange 12 is bolted to a ?ange 
116 provided on a conduit 118 having an upstream por 
tion 120, a venturi or throat portion 122 and a down 
stream portion 124, the downstream portion having a dis 
charge end 126 suitably coupled to the upstream end of a 
mu?ler 128 from which exhaust gases are discharged 
through a port 130. 
The throat portion of the conduit 118 is de?ned by a 

convergent-divergent surface 132 formed on a sleeve 134 
received within a coupling member 136 provided with 
?anges 138 and 140 coupled with the ?anges 142 andil44 
of the upstream portion 120 and the downstream portion 
124 respectively. 
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A port 146 formed in the sleeve 134 communicates with 
the throat 148 and with a source of oxidizer, which will 
in most cases be atmospheric air, through a tube 150. The 
air or other oxidizer may be fed solely by the aspiration 
produced by the reduced pressure formed at the throat 
148, and/or, a suitable pump, not shown, may be used to 
increase the ?ow of air or other oxidizer. 

Starting at the throat 148, there is de?ned a hollow com 
bustion chamber 151, the internal surface of which is ren 
dered resistant to high temperature gases and highly re 
?ective to thermal radiations within the infrared range of 
0.6 to 10.0 microns in a downstream direction and the 
downstream portion of the conduit 124 is provided with a 
similar internal surface, as a result of which, heat losses 
are reduced appreciably and combustion of any unburned 
components of the exhaust gases will be substantially as 
sured. The temperature resistant and highly re?ective sur 
faces are preferably de?ned by the application of gold 152 
by means of known coating or plating techniques that will 
assure proper adherence at the temperatures encountered 
in operation. The exhaust gases are in direct contact with 
the coated surface 152 of the combustion chamber 151 
and are heated in part by thermal re?ection from the sur 
face of the combustion chamber resulting from the burn 
ing of unburned components of the exhaust gases within 
the combustion chamber. 

In the form of the invention depicted in FIG. 7, an ig 
niter 154 is introduced into the downstream portion 124 
of the conduit 118 so as to become heated by the burning 
gases and to maintain an ignition temperature for reigni 
tion wherever there has been an interruption in burning 
due to a change of load or any other cause. The igniter 
is shown as assuming the form of metal ?lamentary ma 

' terial such as stainless steel bristles suitably secured to 
gether and to the conduit itself. 
The divergent portion of the throat has been found to 

produce highly satisfactory results where its length is of 
the order of ?ve times the diameter of the throat itself, 
and similarly, the downstream portion of the conduit ex 
tending beyond the throat and provided with the highly 
re?ective surface has been found to produce highly satis 
factory results where its length is of the order of thirteen 
times the diameter of the throat. 
The apparatus of FIG. 8 differs from that of FIGS. 6 

and 7 primarily in the use of a ?exible metal hose 156 as 
the downstream portion of the conduit, adapting this por 
tion to assume a con?guration that will be dictated by the 
structure of the vehicle to which the apparatus is applied. 
The downstream portion of the conduit may be suitably 
enclosed to reduce the loss of heat through radiation. 
Where a ?exible metal hose is employed as depicted in 

FIG. 8, it has been found to be preferable that as much 
of the internal surface as possible lie in the surface of a 
cylinder so as to increase the re?ectivity and thereby re 
duce the loss of heat. 

Although the present invention has been described by 
reference to several‘ embodiments thereof, it will be ap 
parent that numerous other modi?cations and embodi 
ments will be devised by those skilled in the art which 
will fall within the true spirit and scope of the present in~ 
vention. 
What is claimed as new and desired to be secured by 

Letters Patent of the United States is: 
1. Internal combustion engine exhaust gas oxidation 

apparatus comprising a conduit having an inlet for ex 
haust gases, means for introducing an oxidizing ?uid into 
said conduit for admixture with said gases, said conduit 
having an outlet portion containing a plurality of per 
forations, a container de?ning a chamber surrounding 
said outlet portion, said chamber having an internal wall 
surface of gold resistant to high temperature gases and 
highly re?ective to radiations having wavelengths of from 
0.6 to 10.0 microns, a discharge tube communicating with 
said chambers, and tapered metal tongues de?ning said 
perforations and extending towards said re?ective surface. 

2. Internal combustion engine exhaust gas oxidation 
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6 
apparatus according to claim 1 wherein said conduit is 
composed of a metal having relatively low thermal con— 
ductivity. 

3. Internal combustion engine exhaust gas oxidation 
apparatus comprising a conduit having an inlet for ex 
haust gases, means for introducing an oxidizing ?uid into 
said conduit for admixture with said gases, said conduit 
having an outlet portion containing a plurality of per 
forations de?ned by tapered metal tongues extending out 
wardly from said conduit, a container de?ning a hollow 
combustion chamber surrounding said outlet portion, said 
chamber having an internal wall surface of gold, resistant 
to high temperature gases, and a discharge tube communi 
cating with said chamber. 

4. Internal combustion engine exhaust gas oxidation 
apparatus according to claim 3 wherein said conduit is 
composed of a metal having relatively low thermal con 
ductivity. 

5. Internal combustion engine exhaust gas oxidation 
apparatus comprising a conduit having an inlet for ex 
haust gases, means for introducing an oxidizing ?uid into 
said conduit for admixture with said gases, said conduit 
having an outlet portion containing a plurality of perfora 
tions, a container de?ning a hollow combustion chamber 
surrounding said outlet portion, said chamber having an 
internal wall surface of gold, resistant to high tempera 
ture gases and highly re?ective to thermal radiations hav 
ing wavelengths of from 0.6 to 10.0 microns, and a dis 
charge tube communicating with said chamber, whereby 
gases pass in direct contact with said internal wall sur 
face. 

6. Internal combustion engine exhaust gas oxidation 
apparatus according to claim 5 wherein a ?uid tight hous 
ing encloses said container and provides a wall in spaced 
relationship with respect to said container. 

7. Internal combustion engine exhaust gas oxidation 
apparatus according to claim 5 wherein said container has 
a gold external surface. 

8. Internal combustion engine exhaust gas oxidation 
apparatus comprising a conduit having an inlet for ex 
haust gases, means for introducing an oxidizing ?uid into 
said conduit for admixture with said gases, a container 
de?ning a hollow combustion chamber, said chamber 
having an internal wall surface of gold resistant to high 
temperature gases and highly re?ective to thermal radia 
tions having wavelengths of from 0.6 to 10.0 microns, said 
conduit opening into said chamber so that exhaust gases 
pass in direct contact with said internal wall surface, and 
a discharge communicating with said chamber. 

9. Internal combustion engine exhaust gas oxidation 
apparatus as set forth in claim 8 wherein said conduit 
includes a converging area terminating in a throat, and 
said means for introducing an oxidizing ?uid into said 
conduit includes an oxidizer inlet port communicating 
with said throat, and said combustion chamber is de?ned 
downstream of said throat. 

10. Internal combustion engine exhaust gas oxidation 
apparatus comprising a conduit having an upstream port 
de?ning an inlet for engine exhaust gas and a downstream 
port for gas discharge, a reduced throat intermediate said 
ports, and an oxidizer inlet port communicating with said 
throat, said conduit having an internal wall surface be 
tween said throat and discharge port formed of gold so as 
to be resistant to high temperature gases and highly re 
?ective to thermal radiations within the range of 0.6 to 
10.0 microns. 

11. Internal combustion engine exhaust gas oxidation 
apparatus according to claim 10 wherein an igniter is 
disposed in said conduit between said throat and dis 
charge port. 

12. Internal combustion engine exhaust gas oxidation 
apparatus according to claim 10 wherein said conduit 
diverges in a downstream direction from said throat 
through a distance of the order of ?ve times the diameter 
of said throat. 
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13. Internal combustion engine exhaust gas oxidation 
apparatus according to claim 10 wherein metal ?lamentary 
material serving as igniter means is disposed in said con 
duit downstream of said throat. 

14. Internal combustion engine exhaust gas oxidation 
appartus comprising a conduit having an upstream port 
de?ning an inlet for engine exhaust gas and a down 
stream port for gas discharge, means for introducing an 
oxidizer intermediate said ports, said conduit having an 
internal wall surface between the last mentioned means 
and said discharge port formed of gold so as to be _re 
sistant to high temperature gases and highly re?ective to 
thermal radiations. 

15. Internal combusition engine exhaust gas oxidation 
apparatus comprising a conduit having an inlet for ex 
haust gases, means for introducing an oxidizing ?uid into 
said conduit for admixture with said gases, said conduit 
having an outlet portion containing a plurality of per 
forations, a container de?ning a chamber surrounding said 
outlet portion, said chamber having an internal wall sur 
face formed of gold resistant to high temperature gases 
and highly re?ective to radiations having wavelengths of 
from 0.6 to 10.0 microns, and a discharge tube communi 
cating with said chamber. 

16. Internal combustion engine exhaust gas oxidation 
apparatus according to claim 15 wherein said internal wall 
surface is de?ned by a layer of gold having a thickness of 
at least 0.0003 inch. 

17. Internal combustion engine exhaust gas oxidation 
apparatus comprising a conduit having an inlet for exhaust 
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gases, means for introducing an oxidizing ?uid into said 
conduit for admixture with said gases, said conduit hav 
ing an outlet portion containing a plurality of perfora 
tions, a container de?ning a chamber surrounding said 
outlet portion, said chamber having internal and external 
wall surfaces formed of gold resistant to high tempera 
ture gases and highly re?ective to radiations having wave 
lengths of from 0.6 to 10.0 microns, and a discharge tube 
communicating with said chamber. 

18. Internal combustion engine exhaust gas oxidation 
apparatus as de?ned in claim 1 wherein said gold has a 
thickness of at least 0.0003 inch. 
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