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(57) Abstract: A catalytic converter module (16) houses two catalyst units (26,36) which are geometrically arranged in a serial
manner. An exhaust gas stream (X) 1s processed m two parallel sub- streams which tollow respective paths: a first path (A) which
passes through the first catalyst unit (26) and bypasses the second catalyst unit (36), and a second path (B) which bypasses the
first catalyst unit (26) and passes through the second catalyst unit (36). This enables exploitation of a catalyst having an etfective
area larger than that of the module housing 17 thus allowing the module (16) to be mcorporated conveniently into available vol-
umes whilst maintaining a low back pressure.
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DESCRIPTION
CATALYTIC CONVERTER MODULE

The invention relates to catalytic converters employed in the treatment of exhaust emissions
from an internal combustion engine and in particularly to the removal of harmful emissions

from an exhaust stream.

For many years there has been a desire to reduce harmful emissions from the exhaust of
internal combustion engines. Catalytic converters have been employed to provide an
environment within which chemical reactions can take place to convert harmful gases into
less harmful substances such as carbon dioxide, nitrogen and water. The specific chemistry
varies depending upon the gases involved and, in turn, depends upon the fuel combusted
within the engine, i.e. petrol or diesel. A catalyst within the catalytic converter typically

comprises a ceramic substrate upon which said chemical reactions can take place.

The size of the catalyst is largely dependant upon the size of the engine. This presents a
hurdle to vehicle manufacturers when trying to incorporate a catalytic converter of sufficient
size within vehicles having limited space availability. The problem is compounded by the
negative effect on back pressure within the exhaust stream created by the catalytic converter.
The back pressure 1s dependant upon the path length through the catalyst encountered by the
exhaust stream. Attempts to reduce the back pressure have been made by increasing the
radial diameter of the catalyst which allows a reduction in the axial length. Hdwever, for
large engine applications the catalytic converter package becomes too large to fit into the
available space whist maintaining acceptably low back pressure. Also, a larger diameter
catalyst suffers from uneven flow distribution across the area, i.e. a greater flow at the centre

than around the periphery.

The above problems are particularly prevalent in agricultural tractors in which the trend is for
a growth 1n engine sizes which are disproportionate to the space availability under the engine

hood.

It 1s therefore one object of the invention to provide a catalytic converter module which can

be fitted into limited space on a vehicle whilst maintaining a sufficiently low back pressure.

It 1s another object of the invention to provide a compact catalytic converter module that

utilises simple, reliable, low cost components.
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In accordance with the invention there is provided a catalytic converter module for an exhaust
emissions treatment system, the module comprising an elongate housing having a length
along which an exhaust stream passes between an inlet and an outlet, a first and a second
catalyst unit arranged serially within the length of the housing and spaced from one another,
and a passive exhaust stream dividing element which divides and directs the exhaust stream
into two mutually exclusive paths, a first path which passes through the first catalyst unit and
bypasses the second catalyst unit, and a second path which bypasses the first catalyst unit and

passes through the second catalyst unit.

By dividing the exhaust stream into two sub-streams which pass along the first and second
paths respectively, the effective catalyst area is divided into two each area being presented to
the sub-streams in parallel. Advantageously, by geometrically arranging the two catalyst
units in a serial arrangement, the cross-sectional area of the module can be significantly less
than the total area of the catalyst. This allows the catalytic converter module to be located

conveniently on a vehicle without being cumbersome and requiring large amounts of

available space.

Advantageously further still, the serial arrangement of two catalyst units in accordance with

the invention delivers a more even distribution of the total exhaust steam to the catalyst

material.

Furthermore, by forming the dividing element from passive components, the overall

construction is cheap, simple and robust.

In a first embodiment, hereinafter termed ‘the coaxial arrangement’, the first and second paths
are mutually co-axial along the lengths of the first and second catalyst units. Advantageously,
such a co-axial arrangement delivers a symmetric exhaust stream distribution across the

surface area of the module and further minimizes internal turbulence and thus back pressure.

In one arrangement the second path bypasses the first catalyst unit around the outside thereof
and the first path bypasses the second catalyst unit around the outside thereof.
Advantageously this allows a simple, uninterrupted, volume catalyst unit to be employed

which is disposed along a central axis of the catalytic converter module.

In a second embodiment, hereinafter termed ‘the offset arrangement’, each catalyst unit is

radially offset in mutually different directions from a longitudinal centre line of the elongate
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housing. The offset arrangement is significantly simpler to assemble and is more robust than
the coaxial arrangement. The respective radial offset of the catalyst units is preferably in
mutually opposing directions. Advantageously, this assists in centring the centre of mass of
the overall module making it more stable and less vulnerable to vibration damage when

mounted in position.

In the offset arrangement each catalyst unit may abut an inner surface of the elongate housing
and, preferably further still may be secured to the inner surface of the elongate housing.
Alternatively, at least one of the catalyst units may be integrated into the elongate housing. In
both cases, the strong bond between the housing and the catalyst units delivers the robust

construction of the offset arrangement.

The dividing element preferably comprises a perforated surface so that a portion of the

exhaust stream passing through pertorations 1s directed into one of the first and second paths.

The dividing element may comprise a diverging cone-shaped element which covers the
upstream end of the first catalyst unit so that the portion of the exhaust stream passing through
the perforations is directed into the first path. Advantageously, the tapered exterior walls of
the cone shaped cap direct the incoming exhaust stream towards the second path whilst the
holes divert a portion of the exhaust stream along the first path and into the first catalyst unit.:
Such a cone shaped cap can sealably mate with the end of the first catalyst unit. Alternatively,
the dividing element may comprise a converging cone-shaped element which covers the inlet
so that the portion of the exhaust stream passing through the perforations 1s directed into the

second path.

The second path continues past the first catalyst unit, the passage of which may be defined
between outer walls of the first catalyst unit and inner walls of the housing thereby providing

an annular passage in the case of the coaxial arrangement.

The module may further comprise transition means to guide the first path from a downstream
end of the first catalyst unit around the second catalyst unit and to guide the second path into
an upstream end of the second catalyst unit. The transition means may take a number of
different forms as will be appreciated by the skilled person. Furthermore, the transition means
may be specifically designed to conform with the chose arrangement of catalyst units within

the housing.
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In the case of a coaxial arrangement, the transition (or crossover) means may comprise a
conical collar which 1s connected to the downstream end of the first catalyst unit and has a
profile at its downstream end which seals with the inner wall of the housing. The outwardly
tapering collar serves to direct the exhaust gases within the first path outwardly from the exit
of the first catalyst unit so as to pass around the outside of the second catalyst unit. The
transition means may further comprise a cone shaped cap which covers the upstream end of
the second catalyst unit. Pipes may be provided to connect holes formed within the walls of
the collar and cap to bridge the second path into the second catalyst unit. Advantageously this
arrangement provides a low resistance passage for the sub-streams passing along the first and

second paths respectively.

In the case of an offset arrangement, the transition means may comprise an internal wall
attached to the downstream end of the first catalyst unit and the upstream end of the second
catalyst unit, the wall providing a sealed barrier between the first and second paths. In

general, the transition means 1s more simple in construction for an offset arrangement.

The module preferably comprises combining means which serves to combine the gases from
the first and second paths into a single exhaust stream ahead of the outlet. Alternatively, the
first and second paths may be ejected from the housing via respective exhaust ‘_ vents.
Combining means may comprise a collar which has a profile at a downstream end which seals
with the inner wall of the housing and comprises holes through which the second path passes.
The tapered collar with holes advantageously provides a low turbulence means of combining

sald exhaust streams.

Preferably the module housing i1s cylindrical thus delivering an optimum exhaust gas

distribution across the area and maximising strength in construction.

The first and second catalyst units preferably have a substantially equal volume thereby
equalising the sub-streams flowing along the two paths. Furthermore, the catalyst units can

share the same or similar components easing construction and maintenance.

The passive dividing element is preferably designed so that the gas flow through each of the
first and second paths is substantially. equal. In the case of a perforated element, the
distribution between the two paths can be adjusted at the design stage by changing the number

and/or size of the holes provided.
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The inventive catalytic converter module has application in any exhaust emission treatment
system which 1s connected to the exhaust of an internal combustion engine. Although
applicable to petrol engines, the invention lends itself particularly well to the treatment of
exhaust emissions from diesel engines. For example, the exhaust emissions treatment system
embodying the catalytic converter module may comprise, between an engine exhaust and the
module, a particulate filter and reductant injection means arranged for selective catalytic
reduction (SCR) for the removal of nitrogen oxides. In such a system a nitrogen oxide sensor
1s preferably located within the housing upstream of the outlet to provide a means to monitor

the efficiency of the emissions treatment.

The exhaust emissions treatment system may be embodied within a vehicle and particularly
an agricultural tractor. In a preferred arrangement a catalytic converter module 1s integrated
into an upright exhaust stack having an outlet which is directed into the environment.
Advantageously the available space within the exhaust stack i1s exploited by the invention so
as to avoid the requirement for additional volume under the hood for the catalytic converter.
This greatly enhances the design freedom of the overall engine installation. Preferably further
still the exhaust stack 1s substantially aligned with a cab tront pillar so that a line of sight of
the driver intersects both the pillar and stack. Advantageously, this minimizes the obstruction

to the field of view for the driver.

An exhaust stack comprising the catalytic converter module may be curved along its length so
as to conform better with the profile of a tractor to which the stack may be attached.
Further advantages of the invention will become apparent from the following description of

specific embodiments with reference to the appended drawings in which:-

Figure 1 is a schematic representation of an exhaust emissions treatment system embodying a

catalytic converter module in accordance with the invention;

Figure 2 is a schematic sectional view of a catalytic converter module in accordance with a

first embodiment of the invention comprising two catalyst units in a coaxial arrangement;

Figure 3 i1s an exploded perspective view illustrating the construction of the module of

Figure2;

Figure 4 1s an enlarged sectional view of the crossover means within the module of Figure 2;
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Figure 5 is a sectional view of a tractor exhaust stack including an integrated catalytic

converter module in accordance with the first embodiment of the invention;
Figure 6'is a perspective view of a tractor including the exhaust stack of Figure 35;

Figure 7 is a schematic sectional view of a catalytic converter module in accordance with a

second embodiment of the invention comprising two catalyst units in an offset arrangement;

Figure 8 is perspective view showing a section through a tractor exhaust stack including an

integrated catalytic converter module in accordance with the second embodiment of the

invention;

Figure 9 is an exploded perspective view illustrating the construction of the exhaust stack of

Figure 8;

Figure 10 is a side view of the exhaust stack of Figure 8 shown with part 1if the housing cut

away; and,

Figure 11 is an enlarged perspective view of the crossover means within the exhaust stack of

Figure 8;

With reference to Figure 1, an exhaust emissions treatment system 10 i1s shown. Exhaust
gases from a diesel engine 12 pass through a particulate filter 14 and into a catalytic converter
module 16 having a housing 17. Downstream of the particulate filter 14 an aqueous solution
of urea is injected into the exhaust stream as represented by arrow 100. The urea solution is

mixed with the exhaust gases as it passes along pipe 18 and into the module 16.

The exhaust gas/urea solution mixture is subjected to chemical reactions within the catalytic
converter module 16 so as to reduce harmful nitrogen oxides to nitrogen and water betore
being expelled through exhaust pipe 20 into the environment. The invention involves the

arrangement of the components within the catalytic converter module 16 as will be described

below.
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Coaxial Arrangement

The principles behind the inventive catalytic converter module will be described with
reference to Figures 2, 3 and 4 which show a coaxial arrangement of catalyst units. With
particular reference to Figure 2, an exhaust gas stream X is fed into the module 16 via inlet

pipe 22 and is propelled through the module 16 by the pressure created by the engine exhaust.

From here, the exhaust stream X passes into the cylindrical housing of the module 16. An
exhaust stream dividing element in the form of a cone shaped cap 24 that diverges in the
general direction of flow and serves to divide the exhaust stream X into a first sub-stream

(represented by arrows A) and a second sub-stream (represented by arrows B).

The first sub-stream A passes along a first path and the second sub-stream B passes along a
second path which is mutually exclusive from the first path. It should be understood that the
reference ‘A’ in the following description shall refer interchangeably to both the first sub-
stream of exhaust gases and to the physical passage, or path, that guides the first sub-stream.
The reference ‘B’ in the following description shall refer to the second sub-stream of exhaust

gases and to the physical passage, or path, that guides the second sub-stream.

Holes 25 provided in the tapered walls of the cone shaped cap 24 define an entrance to the
first path and a proportion of exhaust stream X passes therethrough forming the first sub-
stream A. The remaining gas flow is directed by the walls of cone shaped cap 24 coaxially

around the outside of a first catalyst unit 26 thereby torming the second sub-stream B.

The first catalyst unit includes an annular mattress 26a which surrounds a cylindrical ceramic
substrate 26b (Figure 3) enclosed by a catalyst unit housing 26¢. The mattress 26¢ 1s used to
protect the ceramic which has a low dilatation, in the sheet metal housing, even under high or
low temperatures. While the first path passes through the first catalyst unit, the second path
by-passes the unit 26 in parallel wherein the boundaries of the second path are provided by

the outer walls of the first catalyst unit housing 26¢ and the inner walls of module housing 17.

After passing through the ceramic material 26b of first catalyst unit 26 the gasses on the first
path A are directed outwardly by a tapered collar 28 which is integrated with first catalyst unit
housing 26¢. The conical collar 28 has a profile at its downstream end which seals with the

inner wall of the module housing 17 so as to maintain the separation of the two sub-streams A

and B.
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The first sub-stream A of gasses is further assisted radially outwardly by a second cone
shaped cap 34 that diverges in the general direction of flow and which covers the upstream
end of a second catalyst unit 36. In essentially the same manner as per the first cone shaped
cap 24, the first sub-stream A (on the first path) is directed from the first catalyst unit 26
around the outside of second catalyst unit 36 by the tapered diverging walls of second cone

shaped cap 34.

The second sub-stream B 1s conveyed across the radially diverging first sub-stream A by three
pipes 40 which are connected between respective holes formed within the walls of collar 28
and second cone shaped cap 34 as shown 1n Figures 2 and 4. The gases of the second sub-
stream on the second path B then pass through the second catalyst unit 36 which includes a
ceramic filter volume having a similar compilation to that of first catalyst unit 26. In parallel
to the second path B, the purified gases on first path A are conveyed along the outside of

second catalyst unit 36 in a coaxial manner.

The crossover means provided by the pipes 40, collar 28 and cap 34 may be designed to
present the same backpressure (and thus gas flow) to the sub-streams following the respective
paths A and B. For example, the diameter of the pipes 40 may be chosen so that the
backpressure presented to the sub-stream on path B is substantially the same as that presented
to the sub-stream on path A by the geometry of the collar 28, cap 34 and housing 17. This
ensures that the gas currents directed along the respective paths are substantially matched,

thus optimising usage of the two catalyst units.

Integrated on the downstream end of second catalyst unit 36, a recombination manifold
element 42 serves to recombine the sub-streams following first path A and second path B.
Holes 43 formed within the walls of manifold 42 direct gases on path A radially inwardly to
combine with the gases on path B before being ejected through outlet pipe 44 as a single

exhaust stream Y.

To summarise the inventive principle embodied within the described arrangement the
catalytic converter module 16 houses two catalyst units 26,36 which are geometrically
arranged in a serial manner whilst the exhaust gas stream is processed in two parallel sub-
streams A and B. This enables exploitation of a catalyst having an effective area larger than
that of the module housing 17 thus allowing the module to be incorporated conveniently into

available volumes whilst maintaining a low back pressure.
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With reference to Figure 3, the module housing 17 in this example is separated into three
portions 17a, 17b, 17c. It will be appreciated that the ceramic elements of second catalyst

unit 36 are not shown in exploded form in Figure 3.

The above described example includes two catalyst units arranged serially within an elongate
housing. However it is envisaged that three or even more individual catalyst units may be
arranged in the same manner each having a mutually exclusive passage for a sub-stream of
exhaust gases. Despite increased complexity in providing additional bypass passages within
the housing, such an arrangement would benefit in the same manner as described above and

falls within the scope of the present invention.

It is envisaged that a single bypass passage may be provided down the centre of each
respective catalyst unit wherein the ceramic catalyst has a shape of annular section and
surrounds the bypass passages. In such a case, a similar crossover arrangement could be

employed without any significant structural changes to those described.

The cone shaped cap 24 may be replaced with other means to divide the exhaust stream X
into first path A and second path B without deviating from the scope of the invention. For
example, baffles could be provided together with appropriate channelling to divert the
respective paths accordingly. The passive nature of the dividing element allows simpie

construction and costs to be kept at a minimum.

A significant advantage of the described invention is the ability to integrate the catalytic
converter module conveniently into existing volumes present on existing vehicles. New
demands on the treatment on exhaust gases on agricultural tractors dictate that more
components associated with emissions treatment must be incorporated on to the tractor. As
shown in Figure 5, a catalytic converter module as described above is simply integrated into
the exhaust stack 50 of a tractor 52 (Figure 6). The exhaust stack 50 adopts an exterior profile
which is similar, if not the same, to that of an existing tractor. This carries the advantage that
the required components are incorporated without reducing the visibility to the driver or
sacrificing fuel tank volume. As can be seen, the module 16 1s simply enclosed within heat

protection grills 54 which form part of the existing exhaust stack 50.

The upright, yet curved, exhaust stack 50 is positioned in alignment with a front cab pillar 56

which minimizes the visual obstruction presented to the driver.
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Despite the simple integration described in relation to a tractor it i1s envisaged that the
invention can be applied to exhaust emissions treatment systems on other vehicles such as
trucks, utility tractors and cars for example. Furthermore, although described above in
relation to selective catalytic reduction, the described catalytic converter module can be

applied to treating the emissions of petrol engines.

Offset arrangement

Although the above described embodiment includes coaxial bypass passages around the
respective catalyst units 26,36 it is envisaged that the layout need not be radially symmetrical.
Figures 7 to 11 illustrate an offset arrangement in which each of two catalyst units is radially
offset in mutually opposing directions from a longitudinal centre line of the elongate housing.
The following description of the offset arrangement refers to both Figure 7 which shows the
concept in schematic form and to Figures 8 to 11 which 1llustrates a specific construction of

an exhaust stack 110 embodying the offset arrangement.

As in Figure 2, an exhaust gas stream X 1s fed into module 76 via inlet pipe 22 and 1s
propelled through the module 76 by the pressure created by the engine exhaust. From here,
the exhaust stream X passes into a passive exhaust stream dividing element 84 which divides
and directs the exhaust stream X into two mutually exclusive paths, a first path A and a
second path B. In this case, the dividing element 84 comprises a converging cone-shaped
element 84a having perforations 85. The dividing element 84 covers the inlet 22 so that a
portion of the exhaust stream X passes through the perforations 85 and is directed into the
second path B. The remaining portion of the exhaust stream X i1s conveyed into the first

catalyst unit 86.

Characteristic of the offset arrangement, the first and second catalyst units 86, 96 are radially
offset from a longitudinal centre line C (Figure 8). In the coaxial arrangément described
above the catalyst units 26, 36 are substantially centred on the longitudinal centre line C
whereas, In the offset arrangement, the catalyst units 86, 96 are offset radially. As can be seen
best in Figure 10, the first catalyst unit 86 is offset rearwardly (arrow R) with respect to the
normal direction of travel of a tractor to which the exhaust stack 110 is attached, whereas the
second catalyst unit 96 1s offset in a forward direction (arrow F). By offsetting the two
catalysts in opposite directions R,F the centre of gravity of the overall exhaust stack is

maintained near to the longitudinal centre line thus maintaining the stability.

10
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One side of each of the two catalyst units 86, 96 abuts the inner wall of the housing 17
thereby leaving a ‘by-pass’ passage on the opposite side defined by the outside surface of the

respective catalyst unit and the inner wall of the housing 17.

Returning to Figure 7, the first sub-stream A passes through the first catalyst unit 86 and exits
into a transition region 90. Parallel to first sub-stream A, second sub-stream B 1s conveyed

past the first catalyst unit 86 along a first by-pass passage 87 and to transition region 90.

An internal transition wall 91 provides a boundary between the first path A and second path B
in the transition region 90. The transition wall 91 is attached to the downstream end of the
first catalyst unit 86 and the upstream end of the second catalyst unit 96 and 1s shaped

accordingly to provide said barrier.

The first sub-stream A by-passes the second catalyst unit 96 via second by-pass passage 97

whilst the second sub-stream B is directed through the second catalyst unit 96.

Upon exiting the second catalyst unit 96, the second sub-stream B combines with the first
sub-stream A in a combination region 120. The combined gas stream Y i1s then ejected to the

atmosphere through outlet pipe 44.

The exhaust stack 110 that adopts the offset arrangement 1s simpler in construction to the
exhaust stack 50 of the coaxial form. The perforated dividing element 84 1s held on a central
axis by an annular fixing element 98. The first catalyst element 86 includes a cradle element
86a which is formed by an extension to the body of the first catalyst element 86 in the
longitudinal direction. The cradle element 86a is constructed so that mating support is
provided to the second catalyst unit 96 whilst maintaining a gap to provide the second by-pass

passage 97. The transition wall 91 is, in this example, integrated into the body of the first

catalyst unit 86.

The conformity between the profiles of the catalyst units 86, 96 and the housing 17 holds the
catalysts in position in the radial direction. The catalyst units 86, 96 may be welded, or

secured by other practical means, to the housing 17.
Although the offset arrangement described involves radial offset in opposing directions, the

catalyst units could instead be radially offset in any direction provided a by-pass passage 1s

provided next to each unit.

11
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Moreover, the catalyst units 86, 96 could be integrated into the housing components instead of

forming them from individual parts.

From reading the present disclosure, other modification will be apparent to persons skilled n
the art. Such modifications may involve other features which are already known in the field of
catalytic converters and exhaust stacks and component parts therefore and which may be used

instead of or in addition to features already described herein.

12
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CLAIMS

l. An exhaust stack for installation on a tractor, the exhaust stack comprising a catalytic
converter module comprising an elongate housing having a length along which an exhaust
stream passes between an inlet and an outlet, a first and a second catalyst unit arranged one
above the other within the length of the housing and spaced from one another, and a passive
exhaust stream dividing element which divides and directs the exhaust stream into two
mutually exclusive paths, a first path which passes through the first catalyst unit and bypasses
the second catalyst unit, and a second path which bypasses the first catalyst unit and passes
through the second catalyst unit, wherein the dividing element is perforated and so that a
portion of the exhaust stream passing through perforations is directed into one of the first and
second paths, the dividing element comprising:

a diverging cone-shaped element which covers the upstream end of the first catalyst
unit so that the portion of the exhaust stream passing through the perforations is directed into
the first path; or

a converging cone-shaped element which covers the inlet so that the portion of the

exhaust stream passing through the perforations is directed into the second path.

2. An exhaust stack according to Claim 1, wherein the first and second paths are

mutually coaxial along the lengths of the first and second catalyst units.

3. An exhaust stack according to Claim 2, wherein the second path bypasses the first

catalyst unit around the outside thereof and the first path bypasses the second catalyst unit

around the outside thereof.

4. An exhaust stack according to Claim 1, wherein each catalyst unit is radially offset in

mutually different directions from a longitudinal centre line of the elongate housing.

5. An exhaust stack according to Claim 4, wherein the respective radial offset of the

catalyst units is in mutually opposing directions.

6. An exhaust stack according to Claim 5, wherein each catalyst unit abuts an inner

surface of the elongate housing.

7. An exhaust stack according to Claim 6, wherein each catalyst unit is secured to the

inner surface of the elongate housing.
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8. An exhaust stack according to Claim 5, wherein at least one of the catalyst units are
integrated into the elongate housing.
9. An exhaust stack according to any one of Claims 1-8, wherein part of the second path

1s defined between outer walls of the first catalyst unit and inner walls of the housing.

10. An exhaust stack according to any one of Claims 1-9, further comprising transition
means to guide the first path from a downstream end of the first catalyst unit around the
second catalyst unit and to guide the second path into an upstream end of the second catalyst

unit.

11, An exhaust stack according to Claim 10 and one of Claims 2 or 3, wherein the
transition means comprises a conical collar connected to the downstream end of the first
catalyst unit and has a profile at a downstream end which seals with the inner wall of the

housing so as to direct the first path outwardly and around the second catalyst unit.

12. An exhaust stack according to Claim 11, wherein the transition means further
comprises a cone-shaped cap which covers the upstream end of the second catalyst unit, and

pipes connect holes within the walls of the collar and cap to direct the second path into the

second catalyst untt.

13. An exhaust stack according to Claim 10 and any one of Claims 4 to 8, wherein the
transition means comprises an internal wall attached to the downstream end of the first
catalyst unit and the upstream end of the second catalyst unit and provides a sealed barrier

between the first and second paths.

14, An exhaust stack according to any one of Claims 1-13, further comprising combining

means connected to the downstream end of the second catalyst unit which combines the first

and second paths upstream of the outlet.

15. An exhaust stack according to Claim 14, wherein the combining means comprises a
collar which has a profile at a downstream end which seals with the inner wall of the housing

and comprises holes through which the second path passes.

16. An exhaust stack according to any one of Claims 1-15, wherein the housing is

substantially cylindrical.
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17. An exhaust stack according to any one of Claims 1-16, wherein the first and second
catalyst units have a substantially equal volume.
18. An exhaust stack according to any one of Claims 1-17, wherein the passive dividing

element is designed so that the gas flow through each of the first and second paths is

substantially equal.

19. An exhaust stack according to any one of Claims 1-18, wherein the first catalyst unit
is radially offset in a direction towards the rear of the tractor and the second catalyst unit is

radially offset in a direction towards the front of the tractor.

20. An exhaust stack according to any one of Claims 1-19, wherein the elongate housing

is curved in the longitudinal direction.

21. A tractor comprising an exhaust stack according to any one of Claims 1-20.

22. A tractor according to Claim 21, wherein the exhaust stack is substantially aligned

with a cab front pillar so that a line-of-sight of the driver intersects both the pillar and stack.

#1495905
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