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() A catalytic converter.

@ The catalytic converter comprises a housing (20)
for a catalyst section (19) comprising a matrix (22)
formed with passages (23) coated with a catalyst
material. An entry duct (28) and an exit duct (32) for
exhaust gas are defined within the housing. The
passages are oblique to the direction of gas flow
through the entry section. The entry duct may have
a flap (147 Figs 10,11) which can be moved between
a position in which it constrains exhaust gas to pass
through only part of the matrix to reduce light-up
time, and a position in which it permits gas to flow
through substantially the entire matrix.

Xerox Copy Centre



1 EP 0 420 462 A2 2

A CATALYTIC CONVERTER

The invention relates to a catalytic converter
for use in an exhaust system, particularly but not
exclusively for a motor vehicle.

Catalytic converters are in use in the exhaust
systems of motor vehicles to reduce the release of
obnoxious by-products of combustion into the at-
mosphere.

Fig.1 of the accompanying drawings is a dia-
grammatic cross-section through a known convert-
er in common use on vehicles. The converter com-
prises a housing 1 defining an entry section 2 for
exhaust gases, a catalyst section 3 and an entry
section 4. The catalyst section 3 houses two ma-
trices 4, 5 each comprising a ceramic or metallic
substrate having a plurality of longitudinally extend-
ing passages 6 coated with a catalyst material,
e.g., platinum, and which are open at end surfaces
7, 8 of the matrices to define inlets and outleis 7a,
8a respecitively.

The housing 1 has a flange 10 at its inlet end
for attachment o an exhaust pipe (not shown) and
is widened at 11 to form the eniry section 2. A
similar arrangement is provided at the opposite end
of the housing 1o enable the housing to be attached
by means of a flange 12 to a tail pipe or silencer of
the exhaust system.

It has been found that incoming exhaust gases
distribute very unevenly over the surface 7 with the
Fig.1 arrangement. A central core 13 of incoming
gases tends to impinge directly on the end surface
7 and enter the inlets 7a near the centre of the
matrix 4 efficiently. However, the expansion of the
gases due to the divergence of the enitry section 2
causes exhaust gases 13a surrounding the core 13
. to flow in a somewhat turbulent manner. That not
only results in an inefficient entry of the gases into
the remaining inlets 7a but also tends to restrict the
flow of the central core of gas. Therefore, with such
an arrangement, only the central part of the cata-
lyst section tends to operate efficiently. Also, after
the exhaust gas has left the first matrix 4 it tends to
expand before entering the second matrix 5 and
inefficient entry into the second matrix resulis.

Catalytic action is dependent upon the length
of time which the exhaust gases spend passing
through the matrices. As the flow is substantially of
an in-line type, the gases tend to flow very quickly
through the matrices and, therefore, it is necessary
to provide long passages to provide sufficient cata-
lytic action and to allow for attrition of the catalytic
material over an extended service life. Normally,
that is achieved by atranging two maitrices in tan-
dem as shown. However that arrangement tends to
create a high back pressure which, is undesirable.

For a catalytic converter to work efficiently, it is
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essential that the temperature of the catalyst sec-
tion of the converter be sufficiently high. When an
engine is first started, the known converter shown
in Fig.1 is ineffective for the first one to two min-
utes and allows critical amounts of pollutants to
pass straight through the catalyst section 3 into the
atmosphere. The time taken for the catalyst section
to heat up sufficiently is known as the "light-up”
time.

In the known catalytic converter, substantially
the whole of the catalyst section receives exhaust
gas from start-up and light-up delay is caused by
the time taken by the main body of the catalyst
section to reach a light-up temperature. An attempt
to overcome this problem is shown in DE-A-
3738538 but this leaves the other problems of the
known catalytic converter outstanding.

An object of the present invention is to provide
and improved catalytic converter in which the
above problems are substantially reduced.

According to the present invention there is
provided a catalytic converter comprising a housing
having an entry duct defining a housing inlet for a
stream of incoming exhaust gas, a catalyst section
containing a matrix comprising catalyst material
and having a plurality of longitudinally extending
passages through which gas from the eniry duct
may pass and an exit duct for receiving gases from
the passages and defining a housing outlet, the
passages and the direction of gas flow through the
entry duct being oblique relative to each other.

By arranging for the gas flow to be oblique to
the passages of the matrix in that way, the incom-
ing stream of exhaust gas will enter the matrix
efficiently and with a much more even distribution
of flow through the passages.

The passages may be perpendicular to the end
surfaces of the matrix or may be angled towards
the direction of flow from the inlet.

Preferably, the entry duct narrows from a gas
entry end towards an opposite end. In that way, the
incoming gas is directed towards the passages in
the matrix as it moves through the entry duct and
turbulence is reduced.

The entry duct is preferably defined in part
betwesn an end surface of the maitrix, in which
inlets for the passages are defined, and an op-
posite surface of the housing. The aforesaid two
surfaces are preferabaly inclined relative to each
other.

When compared with the known converter of
Fig.1, an arrangement according to the invention
provides a very large number of relatively short
passages in the matrix which results in a back
pressure which is significantly less than that which
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occurs with the known catalytic converter. There-
fore, a catalytic coverter in accordance with the
present invention will absorb less engine power
than the known catalytic converter.

Moreover, the dimensions and shape of the
housing can be arranged to suit vehicle installa-
tions where the known converter can be installed
only with exireme difficulty or with compromises to
the design and operational requirements of the
converter or of other parts of the vehicle.

Preferably the direction of gas flow through the
exit duct is also obligue to the passages and the
exit duct may widen towards the outlet.

The exit duct may be formed in a similar
manner to the entry duct and may, therefore, be
defined in part between an end surface of the
matrix in which the outlets for the passages are
defined and between an opposite surface of the
housing. Preferably, the two surfaces are inclined
relative to each other.

The housing may be arranged so that the
housing inlet and housing outiet are substantially
in-line. In that way, gas will flow substantially in the
same direction therethrough.The housing inlet and
the housing outlet may be offset relative to each
other in a transverse sense. Such an arrangement
may be useful where a projection on the vehicle
e.g., a gear selector linkage needs to be accom-
modated alongside either the housing inlet or the
housing outlet. In such a case, the projection may
lie in a space provided by the offset.

In an alternative arrangement, the housing inlet
and the housing outlet may be arranged such that
they lie generally side by side so that gas flows in
opposite directions therethrough.

In yet another arrangement, the housing inlet
and the housing outlet may be arranged such that
the gas flow through the housing inlet is transverse
to the gas flow through the housing outlet.

In one embodiment of the invention the hous-
ing comprises flow control means for deflecting gas
flow away from a number of the passages in the
matrix under conditions of low gas flow and tem-
perature.

) By using such flow control means, the exhaust

gas received from the engine immediately after
start-up will pass through only a proportion of the
passages in the matrix which will then reach its
light-up temperature very quickly.

Conveniently the flow control means comprises
a deflector which may be arranged to direct gas to
a specific part of the matix. The deflector will
effectively blank off a remaining part of the matrix.

The deflector may be movable relative to an
end surface of the matrix in response to variation in
gas temperature. In such a case, the deflector
comprises a bimetallic meter which deforms in
response to variations in the temperature of the
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adjacent gas stream.

Alternatively or additionally, the deflector may
comprise a flap which can be pivotable mounted
on the housing on a pivot which may be spaced
from an end surface of the mairix so as to enable
the flap to be pivoted towards or away from the
end surface. When the flap is pivoted towards the
end surface it effectively inhibits flow of gas in
those passages in the matrix which are behind the
flap whilst directing gas to flow through those pas-
sages in the matrix which are in front of the flap.

The flow control means may be arranged in the
entry duct and may be arranged to inhibit gas flow
through those passages which are furthest from the
inlet. The passages further from the inlet may be of
larger cross-sectional area than those close to inlet
and may have a different coating of catalytic ma-
terial.

The flap may be controlled by the difference
between the gas pressures upstream and down-
stream of the matrix, in which case control means
for the flap may comprise a movable wall arranged
to receive upstream gas pressure on one side and
downstream gas pressure on the other side.

A catalytic converter in accordance with the
invention will now be described by way of example
with reference to the remaining accompanying
drawings in which:-

Fig.2 is a diagramatic perspective view of a
catalytic converter in accordance with the inven-
tion shown partly broken away;

Fig.3 is a horizontal cross-section through the
catalytic converter shown in Fig.2;

Fig.4 is an enlarged view of part of the matrix of
the catalytic converter shown in Fig.3 showing
gas flow in detail;

Fig.5 is a graph showing back pressure com-
parisons;

Fig.6 is a diagrammatic cross-section of a cata-
lytic converter similar to that shown in Figs. 2 to
4 with a first alternative configuration of gas
entry and exit ducts;

Fig.7 is a view similar to Fig.6 showing a second
alternative configuration of gas entry and exit
ducts;

Fig.8 is a diagrammatic perspective showing a
third alternative configuration of gas eniry and
exit ducts;

Fig.9 is a view similar to Fig.6 showing a modi-
fied catalyst matrix;

Fig.10 is a view similar to Fig.2 showing a
modification to the catalytic converter shown in
Figs.2 to 4 with a flow control means;

Fig.11 is a view similar to Fig.3 showing a cross-
section through the catalytic converter shown in
Fig.10;

Fig. 12 is a graph drawing showing the operat-
ing characteristics ofthe catalytic converier
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showing Figs. 10 and 11;

Fig. 13 is a view similar to Fig.11 showing an
alternative flow control means; and

Fig.14 is a view similar to Fig.11 showing a
modificationto the catalytic converter shown in
Figs. 10 and 11.

With reference to Figs.2 and 3, a catalytic
converter comprises a housing 20 which includes a
catalyst section 19 containing a matrix or substrate
22 (herein called a "matrix") coated with a catalyst
material such as platinum. The matrix is in the form
of an elliptical section block formed with a mul-
tiplicity of parallel passages 23 extending between
inlet and outlet surfaces 24 and 25 respectively.
The passages 23 form passage inlets 26 at surface
24 and passage outlets 27 at surface 25. In Fig.3
only four of the passages are shown.

The housing 20 is made of stainless steel and
comprises an upper pressing 21a and a lower
pressing 21b seam welded together at a flange 36.
The housing also includes an inlet stub pipe 37
joined to the upper and lower pressings at a weld
38 and an outlet stub pipe 39 joined to the upper
and lower pressings at a weld 41. The inlet stub
pipe 37 has a flange 42 for aftachment to an
exhaust pipe from an internal combustion engine
and defines a housing inlet for a stream on incom-
ing exhaust gas and the outlet stub pipe 39 has a
flange 43 for attachment to a tail pipe or a silencer
and defines a housing outlet.

The housing 20 has an entry duct having an
entry transition section 31 defined between a C-
section outer wall 29 of the housing and the matrix
inlet surface 24. The entry transition section 31 is
of D-shaped cross-section transverse to the direc-
fion of gas flow therethrough.

The housing 20 also has an exit duct 32 having
an exit transition section 34 defined between a C-
section outer wall 33 of the housing and the matrix
outlet surface 25. The exit transition section 34 is
also of D-shaped cross-section in the direction
fransverse to the direciton of gas flow therethrough.

In the direction of gas flow the entry duct 28
changes from circular to D-shaped cross-section
and includes the inlet stub pipe 37. The exit duct
32 similarly changes from D-shaped to circular
cross-section and includesthe outlet stub pipe 39.

The entry transition section 31 is tapered,
gradually narrowing in the direction away form its
eniry end. The exit transition section 34 is similarly
formed and gradually widens towards its outlet end.

Exhaust gas (indicated by lines 40) passes
through the inlet stub pipe 39 and inio the eniry
transition section 31. The inlet surface 24 of the
matrix 22 is perpendicular to the passages 23 so
that the direction of flow of exhaust gas in the entry
duct 28 is oblique to the passages 23 in the matrix.

The flow of the incoming exhaust gas is shown
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diagrammatically as a series of substantially par-
allel streamlines 40 as shown in Figs.3 and 4. The
flow from the eniry transition 31 section info the
matrix passages 23 is shown more particularly as
gas streamlines 40a - 40i eic. as shown diagram-
matically in Fig.4. The gas stream is slowed down
slightly as it is constrained to enter the inlets 26 o
the matrix passages 23 and since each streamline
is turned through the same angle (approximately
80 degrees) there is an efficient distribution of gas
over the whole inlet surface 24 of the mairix which
avoids the turbulence and the uneven gas distribu-
tion present in the known type of catalytic con-
verter shown in Fig.1. Once the gases have en-
fered passageways 23 in the mairix, the streams
pass over the coating of the catalyst material coat-
ing C on the matrix 22 through the outlets 27. The
outer wall 33 then cons frains the exhaust gas to
flow in a direction oblique to the matrix passages
23 through the exit duct 32.

The present invention permits the use of a
matrix having very large inlet surface 24 thereby
presenting an extremely large number of inlets 26
to the incoming gas stream, the inlets having a
tfotal area very much greater than the cross-sec-
tional area of the eniry duct 28 upstream of the
entry fransition section 31. Therefore, gas flow
through the individual passages 23 can be
achieved which is substantially slower than the gas
flow through the in-line matrix arrangement shown
in Fig.1. As the catalytic action is dependent upon
the speed through which the gases flow through
the catalyst passageways, the length of the pas-
sages in the present invention can be substantially
reduced. Also, the reduced gas velocity in the
passages 23 reduces atirition of the catalyst ma-
terial with extended service life.

With the increased number of passages and
the reduction in passage length, the back pressure
upstream of the catalytic converter will be substan-
fially less than with the Fig.1 system. This is highly
advantageous as the catalytic converter of the in-
vention will absorb far less energy from the engine
than the known type of converter. That characteris-
tic is illustrated in the graph shown in Fig.5.

In Fig.5, plots of exhaust back pressure P
against engine speed S are shown.

Curve A shows back pressure against engine
speed where no catalytic converter is provided
in the exhaust system,

Curve B illustrates the back pressure where a
known catalytic converter of the kind shown in

Fig.1 is used and

Curve C shows back pressure against engine
speed when using a catalytic converter in accor-
dance with the invention.

It is most noticeable that up to engine speed
81, the exhaust pressure is substantially the same
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for cases Aand G whereas with the known catalytic
converter, the exhaust back pressure is substan-
tially higher. As engine speed increases further,
curve C begins to show an increase in back pres-
sure but the increase is still substantially less than
that produced when using the known catalytic con-
verter. During normal driving conditions, it is envis-
aged that engine speed will mostly be less than S1
and so the catalytic converter in accordance with
the invention will produce a back pressure which is
litile different from that in an exhaust system where
no catalytic converter is present.

it will be noted from Figs.2 and 3 that the entry
duct 28 and exit duct 32 are horizontally offset
which can be useful where the catalytic converter
needs to be located in @ motor vehicle close to a
projection such as a gear linkage cover 50. As
shown in Fig. 3, the cover 50 can conveniently lie
adjacent one end of the catalyst section 19 of the
housing to one side of the entry duct 28.

in the first alternative configuration of entry and
exit ducts shown in Fig.6 the eniry duct 28A and
matrix 22A are arranged substantially as shown in
Fig.2 but the oxit duct 32A is reversed.

in the second alternative configuration of entry
and exit ducts shown in Fig.7 the flow through the
entry and exit ducts 28B and 32B can be trans-
verse to each other. The matrix is elliptical as in

Figs. 2 and 3 pbut whist the entry duct 28B is
substantially the same the exit duct 32B is in effect
turned through 90 degrees and its proportions
modified accordingly. To suit some installations the
entry and exit ducts may be reversed, ie the entry
duct becomes the exit duct and vice versa.

in the third alternative configuration of eniry
and exit ducts shown in fig.8 the inlet duct 28C
deflects the gas streamlines 40 so as to be oblique
to the matrix passages 23C even though the inlet
and outlet stub pipes 37C and 39C are perpendicu-
lar to the passages.

In Fig.9 the passages 23D are arranged at an
obtuse angle relative 0 the matrix inlet and outlet
surfaces 24D and o5D. This reduces the angles
through which the gas streamlines 40D are turned
as gas flows from the entry duct 28D into the
matrix passages and from the matrix passages 10
the exit duct 32D.

With reference to Figs. 10 and 11, the catalytic
converter is generally similar to that shown in
Figs.2 to 4 and similar or identical parts have the
same reference numeral with the addition of 100.

The C-section outer wall 129 includes a portion
144 which is recessed with respect to the entry
transition section 131 of the entry duct 128. This
recess portion 144 provides pivots 145 for a spin-
dle 146 on which is mounted a deflector in the
form of a flap 147.

The pivots 145 are spaced from the matrix inlet
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surface 124 so that the flap 147 can be pivoted
towards or away from the inlet surface. When the
flap 147 is pivoted towards the inlet surface 124 it
deflects gas flow away from the passages 123
furthest from the inlet stub pipe 137 inhibiting flow
in those passages which are behind the flap whilst
directing gas to flow through those passages which
are in front of the flap and closer to the inlet stub
pipe.

The flap 147 is controlled by a lever 148 at-
tached to the spindle 146 and acts as flow control
means which deflects gas away from a number of
passages 123 in the matrix 122 under conditions of
jow gas flow and temperature. Such conditions
exist immediately after start-up of the engine and
can recur at enginé idle or tickover.

One means of controlling the flap 147 is shown
diagrammatically in Fig.11. The lever 148 is con-
nected by a rod 149 to a piston 151 reciprocal in a
cylinder 152. The piston 151 is piased in the direc-
tion to close the flap 147 to divert gas away from
some of the passages 123 by a light (low rate, low
preload) spring 153. A pipe 154 connects one side
of the piston 151 t0 the entry duct 128 upstream of
the flap 143 and a pipe 155 connects the other
side of the piston to the outlet duct 132 so that the
piston acts as a movable wall arrranged to receive
gas pressure upstream of the matrix 122 on one
side and gas pressure downstream of the matrix on
the other side.

The operation of the piston 151 and flap 147 is
illustrated in Fig.12 as 2 graph of the pressure
ditference PD across the matrix 122 against engine
power output pS. The line S represents the pres-
sure difference in the absence of the flow control,
ie the Fig.2 to 4 arrangement. The line T repre-
sents the pressure difference with flow control as
described with reference to Figs. 10 and 11.

At very low engine power with the flap 147 at
maximum restriction the line T follows the curve O-
Q. At Q the engine power has increased so that the
pressure drop just balances the preload of spring
153. The line T then follows the curve Q-R which is
inclined only slightly due to the rate of spring 153.
At R the flap 147 is fully open and the line T
coincides with the line S over the curve R-U.

Thus it can be seen that the flow control has
no effect on the maximum power of the engine.

The flap 147 may be made of any suitable
material, e.g.. stainless steel but, if made of a
bimetallic material, the flap itself may exert addi-
tional control by deflecting at increased fempera-
ture to allow gas to be deflected to more passages
123.

As an alternative 1o the piston 151, a2 bellows or
a rolling diaphragm may be employed.

Fig. 13 shows a simplified control where the
flap 147A is made of bimetallic material and is
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fixed to the outer wall 129 of the housing. When
cold, the flap 147A deflects gas away from a num-
ber of passages 123A and concentrates flow in the
femainder so that the catalyst will light up early.
Increasing heat from the exhaust gas with increas-
ing engine power and heat radiated from the matrix
cause the flap to deflect towards the outer wall 129
to allow gas flow to all the passages 123A.

In the modification shown in Fig. 14 the pas-
sages 123B nearer the inlet stub pipe 137B are
smaller and closer packed than passages 123C
furthest from the stub pipe. The close-packed pas-
sages 123B are typically 400 per Square inch (62
Per square cm) whereas the passages 123C are
typically 200 per square inch (31 per square cm).
In the example shown, the transition from the
close-packed passages 123B to the remainder
123C coincides with the line where the flap 1478
approaches the inlet surface 124B. However, the
optimum location may only be found after lengthy
experiments. The advantages are that catalyst ma-
terial is concentrated where it is most needed
immediately after engine start-up and at low engine
output. When high power is delivered by the en-
gine a greater proportion of the gas is taken by
each passage 123C because of its larger cross-
sectional area Ccompared to each of the closer-
packed passages 123B.

Hence the attrition of the catalyst material in
the closer-packed bassages 123B is further re-
duced and the light-up performance of the catalytic
converter is maintained over a longer service life.

The distribution of catalyst material over the
surface area of the bassages 123C may be re-
duced compared to that in passages 123B, i.e. by
a reduction in the surface density of catalytic ma-
terial. The reduced surface density may be the
same in all the passages 123C or alternatively the
surface density may progressively reduce with in-
Creasing distance of the passage inlets from the
inlet stub pipe 1378, A similar reduction in surface
density of catalytic material may be applied to the
catalytic converters described above with reference
to Figs. 10 o 12.

The matrix 122 may comprise two or more
parts, for example the passages 123C may be
provided in a substrate which is manufactured sep-
arately to the substrate containing passages 123C,
each subsirate being of substantially semi-elliptical
Cross-section and joined by a mutually abutting
side wall.

The catalyst material in bassages 123C may
differ from that in passages 123B. For example, the
catalyst material in 1238 may comprise platinum
and rhodium and the catalyst material in passages
123C may comprise a base metal or an oxide
thereof.
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Claims

1. A catalytic converter comprising a housing
(20,120) having an entry duct (28,128) defining a
housing inlet for a stream of incoming exhaust gas,
a catalyst section (19,119) containing a matrix
(22,122) comprising catalyst material and having a
plurality of longitudinally extending passages
(23,123) through which gas from the entry duct
may pass and an exit duct (32,132) for receiving
gases from the passages and defining a housing
outlet, characterised in that the bassages (23,123)
and the direction of gas flow through the entry duct
(28,128) are oblique relative to each other.

2. A converter as claimed in Claim 1 characterised
in that the entry duct (28,128) narrows from a gas
entry end towards an opposite end.

3. A converter as claimed in Claim 1 or Claim 2
characterised in that the eniry duct (28,128) is
defined between an end surface (24,124) of the
matrix (22,122) in which inlets (26,126) for the
passages (23,123) are defined and an opposite
surface (29,129) of the housing (20,120).

4. A converter as claimed in any proceding claim
characterised in that the direction of gas flow
through the exit duct (32,132) is oblique to the
bassages (23,123).

S. A converter as claimed in Claim 4 characterised
in that the exit duct (32,132) widens towards the
outlet.

6. A converter as claimed in any preceding claim
characterised in that the housing inlet and housing
outlet are substantially in line.

7. A converter as claimed in any of Claims 1 t0 5
characterised in that the housing inlet and housing
outlet are offset relative to each other in a trans-
verse sense.

8. A converter as claimed in any of Claims 1 to 5
characterised in that the housing inlet ang the
housing outlet are arranged to lie generally side by
side so that gas flows in opposite directions there-
through.

9. A converter as claimed in any of Claims 1 to 5
characterised in that the housing inlet and the
housing outlet are arranged such that gas flow
through the housing inlet is transverse to the gas
flow through the housing outlet.

10. A converter as claimed in any preceding Claim
characterised in that the housing (120) comprises
flow control means (147) for deflecting gas flow
away from a number of the bassages in the matrix
under conditions of low gas flow and temperature.
11. A converter as claimed in Claim 10 charac-
terised in that a deflector (1 47) is selectively oper-
ative to direct gas o a specific part of the matrix.
12. A converter as claimed in Claim 11 charac-
terised in that the deflector comprises a bimetallic
member (147A) which deforms in response to varj-
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ations in the temperature of the adjacent gas
stream.

13. A converter as claimed in Claim 11 charac-
terised in that the deflector comprises a flap (147)
which can be pivotably mounted on the housing on
a pivot (145).

14. A converter as claimed in Claim 13 charac-
terised in that the pivot (145) is spaced from an
end surface (124) of the matrix (122) so as to
enable the flap to be pivoted towards or away from
the end surface.

15. A converter as claimed in any of Claims 10 to
14 characterised in that the flow control means
(147) is in the entry duct (128) and is arranged to
selectively inhibit gas flow through those passages
(123C) which are further from the inlet.

16. A converter as claimed in Claim 15 charac-
terised in that the passages (123C) further from the
inlet are of larger cross-sectional area than those
(123B) close to the inlet.

17. A converter as claimed in any of Claims 10 to
16 characterised in that the flow control means
(147) is controlled by the difference between the
gas pressures upstream and downstream of the
matrix (122).

18. A converter as claimed in any of Claims 10 to
17 characterised in that the surface density of the
catalytic material in those passages (123C) further
from the inlet is less than the surface density in
those passages (123B) close to the inlet.

19. A converter as claimed in any of Glaims 1 to 17
characterised in that the catalytic material in those
passages (123C) further from the inlet is different
from the catalytic material in those passages
(123B) close to the inlet.
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