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The present invention has to do with improved methods
and apparatus for effecting substantially complete com-
bustion of the combustible constituents of exhaust gases
before discharging them into the atmosphere.’

An object of the invention i§ to avoid the deleterious
effect of unconsumed constituents. in discharged gases
such as the exhaust from internal combustion engines,
utilizing gasoline or other petroleum products as fuel
which consist largely of hydro¢arbons.

A more specific object is to .accomplish the consump-
tion of such unburned residues. effectively, economically
and without excessive increase of ‘weight -which must be
carried by mobile apparatus,. especially small passenger
automobiles,

As a solution to the problem of obnoxious atmospheric
¢onditions ‘resulting from the . discharge into’ the atmos-
phere of incompletely burned gas engine exhaust, various
proposals have ‘been made. For example, in. the case of
large busses and heavy trucks in which the exhaust gas
issues at relatively high temperature and the aggregate
quantity of unburned constituents is so great that a hot
flame may be produced sufficient for maintaining combus-
tion, after burners have been proposed- into which the
exhaust gas is passed and ignited by means of pilot
fiames or otherwise. In order to ‘insure complete com-
bustion of the exhaust gas, it is-desirable-to mix sufficient
air ‘with the exhaust gas to form ‘a lean ‘mixture, for
making certain that substantially evety particle of com-
bu‘stible residue can' be oxidized. “On the other hand,
in order to maintain a combustion zone at a sufficiently
high temperature to assure sustained combustion, for ex-
ample, when idling or running ‘down Hill and less heat is
produced, it is desirable that a relatively rich mixtiure be
admitted to the combustion area.

Another proposal which has been made is to pass the
entire volume of exhaust gas over a relatively large quan-
tity of catalytic material, which promotes oxidation even
of lower température exhaust gas in the presence of air,
and renewing the catalytic material often enough to make
sure that it is in effective acting condition.

An object of the present invention, therefore, is to ex-
tend the range of usefulness of “after burning for the
consumption gas engine exhaust as well as reducing the
cost and increasing the reliability thereof, More particn-
larly it is an object to accomplish after burning effectively
in passenger cars in which the temperature of eéxhausted
gas and of after burning would normally be too low to
maintain after burning combustion reliability. More-
over, it is an object to avoid the necessity for providing
and frequently renewing large quantities of expensive sub-
stances such as catalytic agents.

The present invention presents certain improvements on
previously proposed means of after burning, chief among
which the following features may be noted: fundamen-
tally, catalysis of a small fraction of the exhaust :gas is
employed to generate heat and the remainder of the gas
is subjected to the effect of such heat for. promoting com-
plete combustion. .In one embodiment a fractional por-
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tion of the exhaust gas is withdrawn from the main body
and passed through a high velocity tube to a pilot burner
without substantially any cooling to aid in maintaining
such withdrawn portion of the gas.at a high enough tem-
perature for sustained operation of the pilot flame.
Moreover, no more than a stoichiometric quantity of. pri-
mary air is mixed with the gas supplied to the pilot
burner to keep the pilot flame hot. = Less, preferably, than
a stoichiometric mixture -of the air is provided to give a
rich mixture. In addition, another fractional quantity of
exhaust-gas is withdrawn from the main body and passed
over a catalyst with additional air -whereby oxidation
thereof is promoted catalytically to insure that such sec-
ond portion of air and exhaust gas will chemically unite
rapidly for the generation of a high degree of heat.

The catalysis takes place in a heat transfer chamber
containing heat exchangers through which the high veloc-
ity tube for the pilot flame gas and the primary air for
the pilot flame also pass so that they are well preheated,
thereby making sure that the pilot flame will be sustained,
even in the case of a low power passenger car in which
the heat of combustion might. otherwise be too low to
maintain a pilot flame. - The remainder of the engine ex-
haust, that is, the main body -of the exhaust gas, together
with. ‘secondary air, is passed in proximity to the sus-
tained pilot flame Whereby combustion thereof is insured.
Preferably the: quantity. of secondary air.is as.great or
greater than a stoichiometric mixture so as to form. a
lean mixture of combustible material with air and make
substantially certain.that all of the combustible residues
in the exhaust gas are consumed before being discharged
to the atmosphere.

Since only a small portion of the exhaust gas is sub-
jected to catalysis, the amount and cost of catalyst re-
quired are minor and the size and weight of the catalytic
chamber are relatively small, rendering the arrangement
practical for small inexpensive passenger automobiles.

These and other features of the invention and the in-
vention itself will be better understood from the follow-
ing detailed description of a preferred and illustrative
embodiment of the invention shown in the accompanying
drawing where:

Fig.'1 is a longitudinal sectional view of an illustrative
embodiment of the invention;

Fig.-2 is a view of a cross section at twice the scale of
Fig. 1, represented as cut by a plane 2—2 indicated in
Fig. 1, as secen when looking in the ‘direction of the arrows
shown in Fig. 1, and

Fig. 3 is a view of a cross section at twice the scale of
the apparatus of Fig. 1 represented as cut by a plane
3-3, indicated in Fig. 1.

The embodiment illustratéd in the drawing has been
so designed that it may replace the muffler of an ‘automo-
bile and perform the function of a muffler as well as an
after burner. However, the invention is not limited to
the combination of a-muffler with an after ‘burner, and
the -arrangement- effectively consumes combustible con-
stituents of exhaust gas independently of any action ‘as
a muffier,

The qpparatus illustrated comprises =2 “casing ‘11 com-
posed of suitabls sheet material such ‘as metal ‘which will
withstand the temperature of exhaust gases and after

‘burhing thereof, ‘with an inlet opening 12 4t one end and

a gas outlet opening 13 at the other end. "The casing 11
is' elongated, tubular in form, ‘preferably but not necss-
sarily cylindrical.  The space 14 “within the ‘casing ‘11
toward the outlet end thereof serves as the after burner
combustion chamber. = Preferably, to retain’ combustion
within the casing 11, the outlet openmg 13 s of reduced
size which facilitates also the provision of a nipple 15 for
connection to a tail pipe or the like,

The inlet ‘opening 12.also is:smaller.in.diameter than
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the casing 11 and as shown a nipple 16 is provided for
connection to a conventional pipe from the exhaust mani-
fold of the internal combustion engine. Preferably also
the casing 11 is formed with a diverging portion 17 ex-
tending from the inlet opening 12 to the full diameter of
the outer wall 18 of the casing 11 in order to aid passage
of the main body of the exhaust gas from the inlet open-
ing 12 toward the outer wall 18.

For the formation of a pilot burner and the supply of
exhaust gas thereto, a high velocity tube 19 is mounted
within the casing 11. The high velocity tube 19 is open
at both ends and extends from the inlet opening 12 of
the casing 11 toward the after burner combustion cham-
ber 14. Preferably the high velocity tube 19 is mounted
coaxially with the casing 11. The right hand end or out-
let end 21 of the high velocity tube 19 serves as a nozzle
for a pilot flame 22. Preferably the tube 29 is tapered
to form a nozzle 21 of slightly reduced diameter where-
by the gas entering the entry end 23 of the high velocity
tube 19 passes through rapidly without expansion or conse-
quent cooling and is slightly compressed at the nozzle 21
to maintain or increase the temperature thereof.

Surrounding the portion of the tube 19 toward the
nozzle 21 is a shell 24 closed at one end to form a pilot
flame air mixing chamber. Primary air supply ducts, for
‘example, a pair of ducts 25 are provided extending from
primary air supply openings 26 in the outer wall 18 of
the casing 11 to the pilot flame air mixer shell 24, As
shown, the ducts 25 are joined to the shell 24 at the
closed end thereof or near the end thereof toward the
inlet end 12 of the casing 11. For directing the mixture
of air issuing from the shell 24 and gas issuing from the
nozzle 21 a Venturi throat 27 is mounted in the outlet
end of the pilot burner shell 24 so that the main portion
of the pilot flame 22 is formed in the diverging portion
28 of the Venturi 27. For promoting turbulence and
good mixing of air and gas in the pilot burner, helical
vanes 29 are mounted within the high velocity tube 19
near the nozzle 21.

The construction and arrangement of the high velocity
tube 19 and the pilot burner within the Venturi 27 main-
tain the pilot burner gas substantially at the temperature
- of the exhaust gas entering the inlet 12 and thus aid in
sustaining the pilot flame 22. However, in order to
make sure of maintaining the pilot flame air and gas at
ignition temperature for insuring sustained existence of
the pilot flame 22 regardless ‘of operating conditions of
the engine or use of the after burner on a low power vehi-
cle in which the exhaust gases may issue from the engine
at a relatively low temperature, preheating means are
provided both for the exhaust gas passing through the
‘high velocity tube 19 and the air supply therefor.

A preheat chamber comprising a housing 31 is mounted
within the casing 11 surrounding the high velocity tube
19 approximately at the central portion thereof and also
surrounding the corresponding portion of the primary
air ducts 25. The preheat chamber housing 31 is closed
at the end thereof toward the outlet end of the casing 11,
except for an outlet opening 30 for preheat combustion
products. - The housing 31 for the preheat chamber is
spaced from the outer wall 18 of the casing 11 and is
formed with a conical portion 32 partially corresponding
to the conical portion 17 of the casing 11 to form a pas-
sageway 33 for the main body of gas entering the inlet
opening 12 of the casing 11. '

Furthermore, the conical portion 32 of the housing for
the preheat chamber is formed with an annular lip 34
surrounding and spaced from the high velocity tube 19
preferably receding somewhat from the entry ‘end 23 of
the high velocity tube 19. In this manner an annular
orifice 35 is formed for withdrawing a second fractional
portion of gas from the main body of exhaust gas enter-
ing the inlet opening 12 of the casing 11. ~ A mass of
catalytic material 36 is mounted within the housing 31
of the preheat chamber and catalyst air supply ducts 37
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are provided for causing the portion of gas entering the
orifice 35 to unite rapidly with air by catalytic action so
as to generate heat. This heat is employed for raising
the temperature of the gas passing through the high
velocity tube 19 and the primary air flowing in the ducts
25, which supply the pilot flame 22. As shown, the
catalyst air supply ducts 37 extend inward, radially
through the passageway 33, from catalyst air supply
openings 38 in the outer wall 18 of the casing 11, in the
stream of hot exhaust gas for preheating catalyst air.

" In order to serve also as structural supporting members
the catalyst air supply ducts 37 may be four in number
and joined in any suitable manner as by means of weld-
ing or brazing to the casing wall 18 and to the conical
portion 32 of the preheater housing 31. In addition a
biconical hollow member 39 is joined to the radial ducts
37 and also to the high velocity tube 19 toward the entry
end thereof, for example, by means of a welded or brazed
joint or the like 41. A portion 42 however, of the bi-
conical hollow member 39 has an inner edge 43 spaced
from the outer surface of the high velocity tube 19 in
order to provide a directed passageway for catalyst air
from the ducts 37 into the housing 31.

A conical baffle 44 is also mounted within the conical
portion 32 of the housing 31 of the preheater chamber
which cooperates with the conical portion 42 of the hol-
low biconical member 39 to form a converging annular
passageway for the catalyst gas. This shaping of the
passageway together with the sharpness of the edge 43
around which the catalyst air enters promotes turbulnece
thereof and good mixing before passage over the mass
of catalytic material 36. Means are provided to insure
thorough and complete exposure of the air and gas mix-
ture to the catalytic material 36. As shown the catalytic
material 36 is confined within the space bounded by the
conical baffle 44, the adjacent portion of the housing 31,
a perforated shell 45 concentric with the high velocity

~ tube 19 and the housing 31, and a perforated transverse
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end plate 46, which serves also as structural support for
the high velocity tube 19. The shell 45 is provided with
openings 47 spaced around its periphery and along the
length thereof. However, the plate 46 is closed between
the high velocity tube 19 and the shell 45 in order to
force the air and gas mixture to enter the space con-
taining the catalytic material 36 and issue from openings
48 into a space 49 within the housing 31, serving as the

heat exchanger space. i

In order to promote transfer of heat from the products
of combustion within the space 49, which have been
caused to become heated rapidly by the catalytic action,
fins 51 are joined to the portions of the high velocity tube
19 and the primary air supply ducts 25 within the heat
exchanger space 49. It will be understood that in order
to achieve effective interchange of heat; the fins 51 and
the tubes 19 and 25 are composed of a substance having
good heat conductivity such as copper, for example, and
care is taken that the fins 51 are brought into intimate
thermal contact with the tubes 19 and 25 by continuous
brazing, welding, or the like.

If it is desired to provide a muffler in the after burner
casing 11, a suitable baffle structure is mounted within the
outer wall 18 of the casing 11 between the wall 18 and the
pilot burner shell 24. This may take a form as shown, of
a hollow concentric perforated cylinder 52 supported
coaxially within the casing 11. The space 53 between the

- perforated cylinder 52 and the casing wall 18 is closed at
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both ends, for example, by means of a flange 54 formed
on the hollow cylinder 52 and an annular disc 55 located
toward the other end.  Preferably the exhaust end of the
hollow cylinder 52 is tapered to form a frustoconical nose
56 to cause the exhaust gases from the passageway 33 to
travel with increased velocity, closely along the outer sur-
face and toward the front edge 57 of the shell 24. A
plurality of annular baffles are provided such as baffles 58
secured to the hollow cylindrical member 52 and extend-
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ing closely but not fally toward the shell 24 and a baffle
59 secured to the shell 24 and extending “closely “but
not fully toward the hollow cyhndncal member 52, Solid
baffles 61 are also provided in the space 53 ‘to force the ex-
hanst gases from the passageway 33 1o travel around the
baffles 58 and 59 and through the perforations in the hol-
low cylindrical member 52.  Radial rods or stays 60, only
two of which are visible, serve 1o ‘support the outward
end of the pilot burner shell 24 in the hollow-cylinder 52.

Secondary air for combustion -of the gas from the
passageway 33 issuing from the converging ‘throat 62
formed between the forward end of the shell ‘24 and ‘the
frustoconical nose 56 is-admitted around the frustoconical
nose 56. To this end secondary air-inlet-openings 63 are
provided which are spaced ‘around ‘the ‘periphery ‘of the
outer wall 18 of the casing 14, only -one -of ‘which is
visible in the sectional view illustrated. -For inducing
turbulence of the secondary air a- plurality -of - annular
baffles is provided including baffies 64 secured to the
outer wall 18 of the :casing '11, -and baffles .one or
more, 64a, secured to ‘the ‘fr.ustoconical member 56,
restricting -but not fully closing the ‘passageway.between
the outer wall 18 of the casing 11 and the frustoconical
nose 36. Moreover, a dished -annular baffle ‘65 s prefer-
ably. also secured to ithe outer wall 18 of the casing 11, ex-
tending inward {0 a point -somewhat in advance ‘of the
forward edge 66 of the frustoconical :nose 56 and nearly
as far forward as the edge 57 of the shell 24 to form:a
restricted annolar.orifice or exit passageway 67. In addi-
tion, to confine and direct a flame 68 formed by the com-
bustion of the mixture of -air-and :gas ‘issuing from the
annular orifice 67, a tubular ;nozzle -69 is secured to the
inner edge of the dished baffle 65-or formed mtegral there-

- with,

Preferably the products of :combustion -or - catalytic
oxidation formed in the “heat-exchanger :chamber 49
issuing from the outlet 30 are carried to the-outlet end ‘of
the-casing 11 by providing.a tube 71-connected -at.one.end
to the outlet.36 and -at the other.end to-a lateral-opening
72 -in the casing 11.

Under ‘normal operating :conditions .an independent
igniter is not required for -the-after burner illustrated.
Nevertheless, as a safeguard in event that a very small
quantity -of combustible gas should :enter the catalytic in-
let orifice :35 during -certain :operating -conditions such- as
prolonged down-hill -driving when unheated raw-gasoline
tends to be discharged into the exhaust.manifold,-a con-
ventional igniter 73 may be provided. - This .may take a
form as illustrated, of a high voltage electrode 74 secured
to and insulated from the casing 11 by means of a porce-
lain bushing 75 or the like having:a high voltage terminal
76 for connection to the ignition system of the automoblle
and cooperatmg with a.low voltage electrode 77 grounded
to the casing 11.

-An advantageous form of construction. of a preferred
embodiment of the invention has been 111ustrated in which
a small fraction of the exhaust gas is withdrawn through
the annular orifice 35 for catalytic oxidation in the hous-
ing 31 of the preheat chamber, and the remainder of the
gas is divided between the high velocity tube 19 and the
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annular passageway.33 for combustion or chemical union

with atmospheric oxygen promoted entirely by tempera-
ture and the tendency for combustible substances and oxy-
gen to unite at sufficient temperature. - Siich combustion
may take place in the formation .of flames 22 and 68 but
is not necessarily limited to the actual formation of
flame.

In the construction illustrated, the major portion of
the combustible gas or engine exhaust preducts remaining
after withdrawal of the fraction thereof through the orifice
35 for catalytic oxidation travels through the passageway
33 .and the minor portion travels through the high
velocity tube 19. However, :the invention is not limited
thereto, and does not exclude having the entire remainder
of the exhaust gas not withdrawn through the annular
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6
orifice 35-travel thfough the cenfrai -ccaxial tube 19,
in which case ‘the pipe from the exhaust manifold of the
engine may be connected directly to the lip 34, It will be
understood that in this case, the portions of the apparatus
serving -as a mufiler being omitted, the members 16 and
17 may-be omitted and the portion of the cuter wall 18
of the casing 11 dllustrated in the drawing to the left
of the tubular nozzle 62 may also be omitted with the
«diameters of thé tube 19 and the shell 24 appropriately in-
creased so that the nozzle 69 may have substantially the
diameter of the casing 11 at its outlet.end. Alternatively,
the shell 24 may be extended so that the space therewithin
takes the place of the major combustion chamber 14 il-
lustrated within the ccasing 11.

In this case the diameters of the primary air inlet
openings:26, the catalysis air inlet opening 38, in relation
to each other and in relation to the cross sectional areas
of the annular catalysis gas inlet opening 35 ‘and the
internal -diameter .of ‘the tube 19 are so selected as to
insure a quantity of air no less than a stoichiometric mix-
tore :at the nozzle 21 so that the mixture will be lean
rather than rich-if departing from a stoichiometric mix-
ture, in order to make sure of complete combustion of the
exhaust -gas.

In the construction illustrated, the admission of suit-
able ameunts of primary and secondary air and catalytic
air to provide a stoichiometric mixture passing over the
catalytic material 36, a rich mixture at the nozzle 21 and
a lean -mixture at the-major combustion nozzle 69 may
be facilitated -by the means of damper rings for adjust-
ment of air proportions. For example, there is a damper
ring 81 for control of the air admitted through the ducts

37 for the- «catalytic omdatxon, there is a damper ring 82

for .control of the primary air admitted through the
ducts 25; and there is a damper ring 83 for control of the

‘quantity of secondary air admitted for the major com-
bustion, As illustrated in Fig. 2 more clearly, the damper

ring 81 consists of a band rotatably mounted on the shell
11 with, gnides (not shown) to maintain the ring 81 in
alignment with the air inlet openings 38 formed in the

shell 11. Corresponding damper openings 84 are formed
in the damper ring 81 so that by adjustment of the an-

gular position of the ring 81, the degree of registry of
the openings 38 and 84 may be varied for adjustment
of the effective area of the air inlet openings. A similar
construction and arrangement of the damper rings 82 and
83 may be employed, as will be understood by those

_skilled 1in the art.

Any suitable ‘material, preferably in finely divided
form, may be employed as the catalytic substance 36. For
example, platinum ‘gauze may be successfully employed.

It will be understood that the parts of the after burner
illustrated ‘may be composed to a large extent of sheet
metal and if desired, drawn tubing, and that conventional
methods of assembly and securing the parts may be em-
ployed, such as'welding, brazing, or other methods of
forming tight joints where required, or secure joints where
only a support is required, which will not be affscted by
the temperaturés of ‘exhaust gases and of the combustion
which takes place in various spaces within the after
burner.

The relative proportion of the exhaust gases drawn
‘through the various passageways may be varied accord-
ing to the type of service to which the after burner is ap-
plied, ‘and the invention is not limited to specific propor-
tions. As an illustrative example, it may be stated how-
ever, that in 'the case of a 1956 Chevrolet passenger car
engine the exhaust gases, at normal cruising speed of
40 miles per hour, for instance, seldom exceed 450 to
500 degrees F. In this case the arrangement is prefer-
ably such as to raise the temperature of the pilot por-
tion ‘of the gases to 750 or 800 degrees F. This causes
ready establishment and maintenance of the pilot flame
22. Sufficient exhaust gas is passed through the catalytic
material 36 to produce a higher temperature in the heat
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exchanger 49, for example, a temperature of 1000 de-
grees or over. In this way a relatively small amount of
catalyst is sufficient to maintain a high temperature in
the pilot flame. This may be substantially accomplished
by passing approximately 10% of the gas through the
orifice 35 to the catalytic burner, approximately 10%
of the gas through the high velocity tube 19, to the pilot
nozzle 21 and the remainder or approximately 80% of the
gas through the passageway 33 to the main combustion
nozzle 69.

In such operation, a fractional portion of the exhaust
gas, for example 10%, passes in a direction indicated
by the arrows 85 through the high velocity tube 19 and
the conical nozzle 29, through the nozzle 21, to form a
pilot flame 22, primary air entering through the ducts
25 into the chamber formed in the shell 24 to join the
gas issuing from the nozzle 21.

Another fractional portion of the exhaust gas enters
through the annular orifice 35 in the direction of the ar-
row 86 for catalytic oxidation. This fraction may be no
greater than that entering the high velocity tube 19, for
example, approximately 10% of the entire body of ex-
haust gas if the outer passageway 33 is employed and if
the nozzle 21 is employed as a pilot nozzle. However,

if the passageway 33 is not employed and the main body

of the gas enters the central tube 19, the proportion en-
tering the annular orifice 35 is made only a small pro-
portion, e.g., 10%. of that entering the tube 19.

In the construction illustrated, after the gas for catalytic
oxidation has entered in the direction of the arrow 86 it
follows the direction of the arrow 87, passing through
the perforations 47 in the hollow cylinder 45 through
the catalytic substance 36 in the direction of the arrow 88
on through the openings 48 and through the heat ex-
changer chamber 49 in the direction of the arrows 89 past
the heat exchanger fins 51 and out through the tube 71
in the direction of the arrows 91, 92 and 93.

In the construction illustrated where the central tube
19 is employed merely for supplying pilot gas, the main
body of the exhaust, for example 80% thereof travels
through the annular passageway 33, entering in the direc-
tion of the arrow 94, continuing along the direction of the
arrow 95 around the primary air ducts 25, preheating
primary air, along arrow 96 around the baffles 58, 61 and
59 in the direction of the arrow 97. Thereupon sec-
ondary air is drawn in with the mixture following the
direction of the arrow 98. Gas travelling along the ar-
row 95 is heated by passing around the heat exchanger
housing 31. The secondary air having entered through
the opening 63, travels around the baffles 64 and 65 as
represented by arrows 99.

In this manner catalysis of the gas entering the orifice
35 generates sufficient heat to raise the temperature of
the gas travelling in the central tubes 12 and the primary
air entering through the ducts 25 to insure sustained com-
bustion of the gas issuing from the nozzle 21. This may
constitute the entire remainder of the gas to be consumed.
It may also, as in the construction illustrated, serve to
form a pilot combustion area insuring ignition and com-
bustion of a major body of air and gas travelling in the
direction indicated by the arrow 98.

While the invention has been described as embodied
in concrete form and as operating in a specific manner in
accordance with the provisions of the patent statutes, it
should be understood that the invention is not limited
thereto since various modifications thereof will suggest
themselves to those skilled in the art without departing
from the spirit of the invention.

I claim: )

1. The method of effecting oxidation of the oxidizable
constituents of a gaseous exhaust mixture, comprising in
combination the steps of passing a first minor portion
only of the gaseous mixture together with air into con-
tact with a catalyst and thereby inducing exothermic oxi-
dation of the oxidizable constituents of that first portion,
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heating a second minor portion only of the gaseous mix-
ture with heat derived from.said catalyst induced exo-
thermiic oxidation, initiating and maintaining combustion
of the oxidizable constituents of said heated second minor
portion of the gaseous mixture together with air to pro-
duce a pilot flame, and introducing the remainder of said
gaseous mixture together with air into proximity of. the
pilot flame to initiate and maintain oxidation of the oxi-
dizable constituents of said remaining portion by the heat
of the pilot flame, and thus finally producing an exhaust
mixture substantially devoid of constituents which are
combustible in air.

2. The method combination of claim 1 and in which
the air used to produce the pilot flame is -also heated
with heat derived from the catalyst induced oxidation.

3. The method combination of claim 2 and in which
the air used for the pilot flame is less than the stoichio-
metric quantity relative to the combustible constituents
in the heated second portion of the gaseous mixture.

4. The method combination of claim 1 and in which
the air used for the pilot flame is less than the stoichio-
metric quantity relative to the combustible constituents
in the heated second portion of the gaseous mixture.

5. The method of effecting oxidation of the oxidizable
constituents of a gaseous exhaust mixture, comprising in
combination the steps of passing a first minor portion
only of the gaseous mixture -together with air into con-
tact with a catalyst and thereby inducing exothermic oxi-
dation of the oxidizable constituents of that first portion,
forming a combustible mixture of constituents including
air and a second minor portion only of the gaseous mix-
ture, heating at least one of said constituents with heat
derived from said catalyst induced oxidation and there-
by heating said combustible mixture, initiating and main-
taining combustion of said heated combustible mixture
to produce a pilot flame, and introducing the remainder
of said gaseous mixture together with air into proximity
of the pilot flame to initiate and maintain oxidation of
the oxidizable constituents of said remaining portion by
the heat of the pilot flame, and thus finally producing
an exhaust mixture substantially devoid of constituents
which are combustible in air.

6. The method combination of claim 5 and in which
the air used for forming the combustible mixture with the
said second gaseous portion is less than the stoichiometric
quantity relative to the combustible constituents of said
second gaseous portion. ,

7. Apparatus for causing oxidation of the oxidizable
constituents of the exhaust gas mixture from a previous
combustion, said apparatus comprising an elongate ex-
ternal outer shell having at one end an intake for such
gas mixture, a tubular walled passage having an open
end in said intake and extending longitudinally within
the shell to a discharge end within the shell, said tubular
passage adapted to take and pass a first minor portion of
said gas mixture, wall structure forming a catalyst cham-
ber within said external shell, a catalyst in said chamber,
wall structure within said external shell forming a second
gas passage with an open end in said intake adapted to
take and pass a second minor portion of said gas mixture
and also forming an air passage adapted to take air ex-
ternally of said shell, said second gas passage-and said
air passage leading to said catalyst chamber, wall.struc-
ture forming a heat transfer chamber within said shell in
communication with said catalyst chamber and adapted
to take hot products of oxidation therefrom, said heat

" transfer chamber surrounding said tubular walled passage

for transfer of heat to the first minor portion of gas in
said passage, wall structure forming a second air passage
adapted to take air externally of said shell and having a
discharge end in the shell in the vacinity of the discharge
end of the tubular gas passage, for inducing and {nain—
taining a pilot flame within the casing in the vicinity of
the discharge end of said tubular gas passage, and wall
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structure forming a third gas passage within said shell, References Cifed in the file of this patent
having an open end in said intake and adapted to take UNITED STATES PATENTS

the remaining portion of the gas mixture and also form-

ing a third air passage within said shell adapted to 1,959,151 JE9 11— May 15, 1934
take air externally thereof, said third gas and air passages 5 2,402,045 Hess oo June 11, 1946
having discharge ends in the vicinity of the pilot flame. 2,512,586 = Stengel ——omom June 20, 1950

8. The apparatus combination defined in claim 7, and 2,538,738 Stengel Jan. 16, 1951
in which said walled second air passage extends through 2,551,823 Buttner - May 8, 1951
said heat transfer chamber for heat transfer to the air 2,764,969 WeiSS oo Oct. 2, 1956

passing through said passage. 10 2,831,548 Barkelew — e Apr. 22, 1958



