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(57) Abstract: The present invention relates to apparatus (1) for treating an exhaust gas stream, particularly an exhaust gas stream
from an internal combustion engine. The apparatus comprises several compartments (7, 9) within which one or more treatments are
to be performed on a gas stream and through which the gas stream is to flow sequentially. A compartment (7) containing a treatment
element (8) for catalytic oxidation, then a mixing region (12) including addition means (16) for adding a reducing agent to the gas
stream. The mixing region also includes turbulence inducing means (18) to induce turbulence within the gas stream. Then at least
one further compartment (9) containing a treatment element (20) for a catalytic treatment. The turbulence inducing means (18) within
the mixing region (12) cause at least some of the gas to flow circumferentially in one direction and at least some of the gas to flow

circumferentially in an opposite direction.
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Gas Treatment Apparatus

The present invention relates to a gas treatment apparatus
for treating an exhaust gas. The invention particularly
relates to a gas treatment apparatus for treating the
exhaust gas from an internal combustion engine, especially
an internal combustion engine in a vehicle and extends to

a vehicle equipped with such a gas treatment apparatus.

Diesel engine exhaust gases contain.ei number of noxious
gases, such a nitrogen oxides, sulphur oxides and carbon
oxides, as well as un-burnt hydrocarbons, carbon and other
particles. The amount of sulphur oxides in the exhaust
gases is dependent primarily upon the sulphur in the fuel
and is controlled by the quality of the initial crude oil
and the refining techniques used in the preparation of the
fuel. However, the other materials can be treated so as to

render them less obnoxious.

It is therefore common practice to pass the exhaust gases
through one or more treatment chambers containing a
treatment element such as a catalytic converter in which
the lower nitrogen oxides are converted to NO,. The
particulates are removed from the exhaust gas stream by a
metal gauze or mesh or a ceramic filter element. The NO;
and oxygen in the gas stream react with the carbon
particulates trapped in the filter element to form carbon
dioxide, which is then discharged with the other exhaust
gases. The filtered gases can then be subjected to
reduction of remaining nitrogen oxides to nitrogen by
injecting a reducing agent such as a solution of urea in

water into the gas stream after it leaves the filter

CONFIRMATION COPY



10

15

20

25

30

WO 03/036056 PCT/GB02/04894

element but before it leaves the sgilencer unit. The
treated gas stream is then passed over a further catalyst
to convert residual ammonia from the urea to nitrogen "and
water, which are acceptable exhaust emissions. The net
result is a typical reduction in noxious components of the

exhaust gases of over 90%.

Due to space limitations for the location of such gas
treatment apparatus, it is desirable to reduce their
overall outer dimensions so that the designer has a
greater choice in selecting where they can be mounted on
or in other equipment. For the catalysts to function
efficiently the reducing agent should be well mixed with
the gas flow. Traditionally, the reducing agent is added
via an injector nozzle having a number of radially
directed outlets. This leads to imperfect distribution of

the reducing agent across the gas flow.

It is known from the International Application
PCT/GB00/02342 to include mixing vanes upstream of the
injection of the reducing agent, in this case urea. These
mixing vanes cause the gas flow to rotate or swirl rapidly
in one direction around the direction of travel of the gas
so that as the reducing agent is injected it is mixed with
the gas flow. The introduction of mixer vanes allows the
distance between the point of injection and a downstream
treatment element to be reduced whilst retaining
acceptable mixing thus reducing the overall size of the

apparatus.

The gas flow downstream of the point of injection is still

rapidly swirling as it enters a treatment element. We have
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found that the introduction of such a rapidly rotating
flow into a treatment element can result in an increased
pressure drop across the treatment element, particularly

at the entry to the treatment element.

It is an object of the present invention to address some

of the issues mentioned above.

Accordingly, the invention provides treatment apparatus
for treating an exhaust gas stream, said apparatus
comprising a plurality of compartments containing

treatment elements within which one or more treatments are
to be performed on a gas stream passing through said
compartments and through which the gas stream is to flow

sequentially, including and in order:
a) a compartment containing a first treatment element;

b) a mixing region including addition means for adding a
reducing agent to the gas stream, the mixing region also
including turbulence inducing means to induce turbulence

within the gas stream; and

c) at least one further compartment containing a

treatment element for a catalytic treatment;

characterised in that the turbulence inducing means within
the mixing region include angled surfaces that cause at
least some of the gas to flow circumferentially in one
direction and at least some of the gas to flow

circumferentially in an opposite direction.
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By causing at least some  of the gas to flow
circumferentially in one direction and at least some of
the gas to flow circumferentially in an opposite direction
the contra rotating gas flows will, in effect, collide and
reduce the overall rotational component, or swirl, of the
gas flow. The collision between the gas flowing in
opposite directions will increase the turbulence of the
gas and this may promote rapid mixing in the mixing
region. It should be understood that the gas flow will
still move through the mixing region, but will have a

component of its motion in the circumferential direction.

The angled surfaces may be at any suitable angle to the
overall gas flow to cause the gas impinging upon the
surfaces to flow circumferentially, but the surfaces are
preferably angled between 10° and 80° to the gas flow
direction and more preferably between 25° and 65° to the
gas flow direction. The gas flow direction is taken to be
the overall gas flow direction, through the apparatus, and

does not include local deviations such as eddies.

It is preferred that the gas leaving the mixing region has
substantially no swirl, but in some cases it may be
desirable that the counteraction of the induced swirl is
not complete and that some swirl remains. However, it is
preferred that the swirl is reduced to less than about 30%

of the level induced and preferably less than about 10%.

The term "swirl" is used herein to describe an overall
rotational component of the gas flow about an axis
substantially parallel with the direction of travel of the

gas. Swirl may therefore have one of two directions,
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clockwise or anticlockwise about said axis.

It should be noted that turbulence, which may include
rotational components such as a vortex or eddy is excluded
from the term 'swirl', as the rotational component is not
a feature of the overall gas flow, but is a localised
rotation within the gas flow. In general, turbulence in a
gas flow creates randomly distributed vortices and/or
eddies that when averaged over the cross section of the
gas flow result 1in 1little or no overall rotational

characteristic.

It should be understood that the term substantially no
swirl as used herein is used to include those cases in
which the gas leaving the mixing region still includes a
swirl component, but does not cause a substantial increase
in pressure drop as it enters a downstream treatment
element when compared with a non-swirling gas flow.
Defining an 'acceptable level' of swirl depends upon many
different parameters, such as the size of the apparatus,
speed of gas flow, nature of the treatment elements etc.
and an acceptable level of swirl can be found by those

skilled in the art by trial and error.

The turbulence inducing means preferably comprises at
least one baffle, but may comprise blades similar to those
of a turbine or fan which direct the gas flow in a
circumferential direction. A baffle restricts or redirects
the gas flow by placing obstructions in the path of the
gas that the gas must flow around. The baffle may include

apertures such that gas may pass through the baffle.
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The or each baffle includes angled surfaces that may
direct at least some of the gas to flow circumferentially
in one direction and at least some of the gas to flow
circumferentially in an opposite direction. There may be
more than one baffle in the mixing region and a first
baffle may direct at least éome of the gas to flow
circumferentially in one direction, imparting swirl to the
gas flow, while a second baffle may direct at least some
of the gas to flow circumferentially in an opposite
direction, reducing the swirl of the gas. It is preferred
that there is a single baffle as this reduces the

component count for the apparatus.

The baffle may include projections or flanges raised from
a surface of the baffle near the edge of the apertures.
These projections may be formed integrally with the baffle
by stamping, pressing or other forming process, or may be
added before or after the apertures are formed by welding,
soldering or other suitable process. The projections are

preferably on the downstream side of the baffle.

The projections may form the angled surfaces and may form
a louver for directing the gas and hence may direct the
gas flow in a circumferential direction which may impart
swirl if all the louvers direct the gas flow in the same
circumferential direction. If this is the case, the mixing
region will include further turbulence inducing means that
cause at least some of the gas to flow circumferentially

in an opposite direction, reducing the swirl.

The gas treatment apparatus according to the invention may

be suitable for the treatment of any exhaust gas stream,
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for instance an industrial flue gas stream or the exhaust
gas stream from a chemical process, but the invention is
particularly intended for use in the treatment of an
exhaust gas stream from an internal combustion engine and
is of especial relevance to a vehicle having an internal
combustion engine. In such vehiéles space limitations are
important design considerations for the location of such

gas treatment apparatus.

It is preferred that the first treatment element is a
treatment element for catalytic oxidation, but may be a

filter or other treatment element.

For convenience the invention will be described with
reference to a preferred embodiment of a generally
concentrically arranged gas treatment apparatus for
treating the exhaust gas flow from an internal combustion
engine. The apparatus having a central compartment within
which treatment elements are 1located for performing an
oxidation treatment and a subsequent filtration treatment
upon the gas stream. Downstream of the filtration
treatment element is a mixing region including addition
means for the addition of a reducing agent to the gas
stream and turbulence inducing means to induce turbulence
in the gas stream to encourage mixing of the gas stream
and reducing agent. Downstream of the mixing region is an
annular compartment substantially surrounding the central
compartment. Within the annular compartment are located
annular treatment elements for catalytic oxidation of the
gas stream and the removal of any remaining reducing

agent.
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The <catalytic treatment element within the central
compartment may preferably be a Pt containing catalyst
having for instance 350 - 5300g Pt per m® of catalytic
treatment element. The catalyst is preferably deposited on
a ceramic or metal through flow honeycomb support. It
should be understood that other catalysts may also be

suitable for this application.

The filtration treatment element 1is preferably a ceramic
wall flow filter, but may be of any other suitable type.
The filtration treatment element 1is for removing fine
particulate matter from the gas flow. Preferably the
filtration treatment element can remove particles down to
about one tenth of a micrometre and is located downstream

of the oxidation catalyst within the central compartment.

The catalytic treatment elements located downstream of the
mixing region 1is preferably a catalyst suitable for
Selective Catalytic Reduction (SCR) to reduce nitrogen
oxides within the gas stream. Preferably this catalytic
treatment element includes a Copper based or Vanadium
based catalyst. This catalyst will preferably be supported
on a metallic or ceramic honeycomb through flow support.
It should be understood that other catalysts may also be

suitable for this application.

The annular compartment preferably includes a treatment
element downstream of the SCR treatment element for the
decomposition of any remaining reducing agent to a less
noxious compound. Such catalysts are generally available
to those in the art. For instance if the reducing agent is

a solution of wurea in water, the catalytic treatment
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element may be suitable for converting any residual

Ammonia to water and Nitrogen.

The reducing agent added to the gas stream may be any
suitable reducing agent, but will preferably be ammonia,
hydrazine, urea, biuret, a lower alkylamine or a mixture
of these. It should be understood that the reducing agent
may be added anywhere within the mixing region. Preferably
the reducing agent is injected upstream of the turbulence
inducing means such that as the gas flow is passed through
the turbulence inducing means mixing of the gas flow and
the reducing agent is encouraged. The reducing agent may
be gaseous when added, but will wusually be added as a
liquid or solution in water or other solvent. The reducing
agent preferably evaporates at the temperature of the
exhaust gasses such that the reducing agent becomes

gaseous, as this aids mixing.

The reducing agent may be added to the gas flow by any
suitable addition means, for example, sprays, jets, or
spargers etc. These addition means may be stationary or
they may move and/or rotate, either driven under power or
caused to do so by the passing gas flow, for instance by
the addition of vanes to the addition means. Such movement
may help to distribute the reducing agent more evenly

within the gas flow.

Preferably the reducing agent is injected as a fine spray
into the gas flow from a static injector having one or
more outlets. It is preferable that the velocity of the
reducing agent as it leaves the outlets from the injector

is sufficient for the reducing agent to reach
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substantially to the edge of the gas flow before reaching
turbulence inducing means. This allows the reducing agent
to be distributed across the entire cross section of 'the
gas flow prior to the flow being disturbed. This may
require different outlet sizes or pressures to adjust the
outlet velocity depending upon the location of the outlet,
the location of the injector and the size and shape of the

mixing region.

The outlets from the static injector may be located at any
point on the injector. For instance they may be located
circumferentially and directed radially at a distal end of
the injector, or may be distributed along the length of
the injector and directed substantially perpendicular to
the direction of gas flow. The injector may be of any
shape suitable for the shape of the mixing region and the
location of the injector. For example, an injector mounted
in the side wall of a tube may extend radially inwards
until a central axis of the tube is reached and may then
be angled such that a distal portion of the injector is
substantially aligned with said central axis. In this way
radially directed injector outlets may be achieved from an

injector mounted in a side wall of the mixing region.

The gas stream leaving the mixing region preferably
contains a substantially even distribution of the reducing

agent due to the induced turbulence.

The turbulence inducing means are preferably static to
avoid the use of moving parts within the apparatus, but a
moving turbulence inducing means, either driven or caused

to move by the gas flow, may be used to encourage positive
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mixing of the reducing agent with the gas flow.

The gas flow leaving the mixing region then passes into a
downstream SCR catalytic treatment element and 1is
desirably substantially evenly distributed over the
upstream surface of the SCR catalytic treatment element.
An even gas distribution allows the catalyst to function
with substantially no loss in efficiency and therefore

allows the use of a smaller catalyst.

It is preferred that the turbulence inducing means within»
the mixing region comprises only one baffle, although more
may be wused. The use of only one baffle reduces the
component count for the apparatus and hence reduces
manufacturing costs. A single baffle may also reduce the

pressure drop in the gas flow across the mixing region.

The mixing region preferably includes only one baffle
which includes apertures and louvres. The louvers may be
arranged such that some of the gas is directed
circumferentially in one direction and that at least some
of gas 1s directed in the opposite direction. It 1is
preferred that the gas leaving the mixing region has
substantially no swirl. A plurality of louvres may be
orientated to direct the gas flows in several different,
or substantially random directions such that turbulence is
increased, but that at least some of the gas is caused to
flow circumferentially in two opposing directions. This
may result in substantially no swirl being imparted to the

gas flow.

Droplets or films of reducing agent may form on any
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internal surface of the apparatus. Minimising such
deposition of the reducing agent within the apparatus may
facilitate the efficient transient operation of - the
apparatus such that the amount of reducing agent in the
flow substantially corresponds to the amount added.
Directing the gas flow circumferéntially causes the gas to
flow across the surface of the baffle and may enable the
gas to entrain some of the reducing agent so that it is
reintroduced into the flow. Directing the gas flow in a
circumferential direction may also aid circumferential
mixing of the gas and reducing agent which may help to
reduce problems of mal-distribution of reducing agent if
one of the outlets of the injection nozzle becomes

blocked.

Injection of the reducing agent may result in mal-
distribution of the reducing agent within the gas flow,
for example a high concentration in the centre of an
injected spray and low concentration near an edge of an
injected spray. To avoid such mal-distribution continuing
through the mixing region it is preferable that the number
of apertures through the baffle at a given radius from the
centre and the number of outlets from the injector do not
synchronise. For example, 1f there are eight radially
directed injector outlets, the number of apertures at a
given radius on the baffle will preferably not be wholly
divisible by eight. This will ensure that at least some of
the spray from at least two outlets must pass through one

aperture and hence facilitates mixing.

The turbulence inducing means may be removable from the

apparatus for servicing, or may be welded in place if
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required. They may be permanently attached to a removable
endcap of the treatment apparatus. Additionally, or
alternatively, the turbulence inducing means may be
permanently attached to the addition means for adding the

reducing agent.

Gas treatment apparatus according to the invention may be
made using any suitable techniques known to those in the

art.

Although the apparatus has been described with reference
to a preferred embodiment, it should be understood that
the invention is equally applicable to gas treatment
apparatus having a generally linear arrangement of
compartments, having compartments separated by pipes or
conduits, having additional or fewer treatment elements,
or having several separate compartments within which the
same treatment is applied to the gas stream and downstream
of which the gas flows are combined into a single
compartment. The gas flow through the concentric apparatus
may also be reversed such that the gas flows through the
annular compartment and then the centre compartment. The
inlet and/or outlet to or from the apparatus may be
axially directed rather than radially directed. Preferably
the gas treatment apparatus is thermally insulated to
ensure high temperatures are maintained within the
apparatus. Maintaining a high temperature within the
apparatus encourages the evaporation of liquids,

decomposition of compounds and helps catalyst efficiency.

The invention 1is particularly intended for use with

vehicle internal combustion engines to reduce the
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pollutant levels in the exhaust gas stream. Particularly
for vehicles having large diesel engines such as trucks or

buses.
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The invention will now be further described, by way of
example, with reference to the accompanying drawings, in

which:

Figure 1 shows a cross section of a gas treatment
apparatus according to the invention having a

generally concentric arrangement;

Figure 2 shows a cross section of a gas treatment
apparatus according to the invention having a

generally linear arrangement;

Figure 3 shows a cross section of a gas treatment
apparatus according to the invention having a twin

tube arrangement;

Figure 4 shows plan I and side II views of a baffle
having apertures including louvres suitable for use

with the invention; and

Figure 5 shows a plan view of a baffle having
apertures including louvres that direct the gas flow

both radially and circumferentially.

Figure 1 shows a gas treatment apparatus 1 having a
generally concentric arrangement within one container 3.
Arrows 2 show the flow path of the gas stream through the
apparatus 1. The gas stream enters the apparatus 1 through
a radial inlet 4 and passes into a chamber 6. In this case
the gas stream 1is exhaust from a diesel internal

combustion engine.
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Gas from chamber 6 passes into centrally Ilocated
compartment 7 containing a cylindrical oxidation catalyst
8, where components within the gas stream are oxidised. 1In
this case the oxidation catalyst is for oxidising NOy4

compounds to NO,.

The gas then passes into a cylindrical particulate filter
10 where fine particulate material is removed from the gas
flow and subsequently oxidised. In this case the filter is

a wall flow filter.

As gas leaves the filter 10, it enters a mixing region 12
within which a reducing agent, in this case urea, is mixed
with the gas flow. The wurea is injected through an
injector 14 having a nozzle 16 with eight

circumferentially spaced outlets.

The gas then passes through or around turbulence inducing
means 18. In these figures the turbulence inducing means
are shown for convenience as comprising only a single
baffle in one location, but it should be understood that
the turbulence inducing means may comprise one or more
baffles located anywhere within the mixing region. 1In
particular there may be an annular baffle formed by
apertures in an extended wall of the central compartment
that the gas must flow through to enter the annular
compartment. The turbulence inducing means 18 create
turbulence in the gas stream and thereby encourage
thorough mixing of the urea with the gas stream. Some of
the turbulence inducing means 18 may impart swirl to the
gas flow, but this swirl will be counteracted by other

turbulence inducing means 18 such that gas passing out of
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the mixing region 12 has substantially no swirl.

The direction of the gas flow is reversed and the gas is
forced to flow into an annular compartment 9 surrounding
the central compartment. This direction reversal may occur
with gas that still has a swiri, and if this is the case
annular turbulence inducing means would be used to reduce

the swirl before the gas undergoes further treatment.

The gas then flows through annular catalytic treatment
elements 20,22,24. In this case catalysts 20,22 are
Selective Catalytic Reduction (SCR) catalysts and the
final catalytic treatment element 24 is an ammonia clean
up catalyst for removing residual ammonia from the gas

flow.

The gas flow is then discharged from the apparatus 1
through an outlet 26. This discharge may be to the

atmosphere, or to further treatment apparatus.

Figure 2 shows a second embodiment of gas treatment
apparatus according to the invention, the apparatus being
substantially linear. Features of this embodiment that are
similar to those in the embodiment 1 in Figure 1 will be

referenced by similar numerals incremented by 100.

Arrows 2 again show the gas flow path through the
apparatus 101. The gas enters the inlet 4 and passes
through the catalyst 108 and filter 110 and enters the

mixing region 112.

Within the mixing region 112 urea is injected into the gas
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flow by wall mounted injector 114 with a nozzle 116. In
this case the nozzle does not have radially directed
outlets, but has an outlet directed along the axis of the
nozzle towards the opposite side wall of the apparatus. It
should be understood that other injectors could be used in
this apparatus, for instance ah injector having outlets
distributed along its length creating sprays substantially

perpendicular to the gas flow.

Within the mixing region 112 the gas also passes through

or around turbulence inducing means 118.

The gas 1leaving the mixing region 112 ©passes into
catalysts 120,122,124 before exiting the apparatus through
the outlet 26.

Figure 3 shows a further embodiment of gas treatment
apparatus according to the invention. In this case the
apparatus has a twin tube arrangement. Features of this
embodiment that are similar to those of embodiment 1 of
Figure 1 will be referenced by similar reference numerals

incremented by 200.

Arrows 2 again show the gas flow path through the
apparatus 201. The gas enters through the inlet 2 and
passes through the catalyst 208 and filter 210 before

entering the mixing region 212.
Urea is injected into the gas stream by an injector 214

through a nozzle 216. The nozzle 216 is similar to the

nozzle 114 in embodiment 101.
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The gas then flows through a curved pipe 30 to enter a
second container 32 housing catalysts 220,222,224. The gas
flow then exits the apparatus 201 through outlet 26.

The curved pipe 30 has a smaller diameter than the first
container 213 and thus the gas flow is faster within this
pipe. The turbulence inducing means 218 are located in the
pipe 30 as faster gas flow encourages turbulence. As
before, the gas entering the catalyst 220 has
substantially no swirl. This layout of apparatus may be
shallower than the previous layouts and may therefore be
more suitable for a vehicle in which the depth of the gas

treatment apparatus is an important design consideration.

Figure 4 shows a front view I and a side view II of a
baffle 50 suitable for use as turbulence inducing means
within the mixing region of a gas treatment apparatus
according to the invention. The baffle 150 has a central
aperture 52 for permitting the injector 14 to pass through
the baffle 50 and the baffle 50 is of substantially the
same size and shape as a cross section of the mixing
region so that substantially no gas may pass round the

baffle 50.

Around the central aperture 52 there are two concentric
rings of apertures 154,156. The apertures 154,156 are
substantially rectangular and projections 158 form louvres
on the downstream side of the baffle that direct the gas
flow in the directions indicated by arrows 60. On this
baffle 150, substantially half the gas flows through the
inner apertures 154 and is deflected by the louvres 158 in

onne direction, and substantially half the gas flows
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through the outer apertures 156 and is deflected by the
louvres 158 in the opposite direction. The net result is a
gas stream that leaves the baffle 150 with substantially

no overall swirl.

Figure 5 shows a different baffle that may be used as a
turbulence inducing means 1in a gas treatment apparatus
according to the invention. Features of this embodiment
that are similar to those of the previous embodiment 150
in Figure 4 will be referenced by similar numerals
incremented by 200. Arrows 160 show the direction of the

gas flow after passing through the baffle 350.

The baffle 350 includes apertures 72 including louvres
which are arranged in two substantially concentric rings
254,256 and the orientation of the louvres in the inner
ring 254 and outer ring 256 1is such that the apertures
cause a gas passing through them to move radially outward
as well as circumferentially. The 1louvres of the inner
ring cause the gas to gain a circumferential component to
the flow in one direction and the louvres of the outer
ring cause the gas to gain a circumferential component to
the flow in an opposite direction, as in the baffle of
Figure 5. This baffle therefore aids radial mixing by
causing the gas to move radially and also creates

turbulence as in the baffle of Figure 4.

The invention described herein aids in the efficient
mixing of the reducing agent with the gas flow and thereby
helps to reduce the overall size of such gas treatment
apparatus. This size reduction 1is particularly useful

where space limitations and emission controls are becoming
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more important, for instance on vehicles.
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CLAIMS
1. Gas treatment apparatus for treating an exhaust' gas
stream, said apparatus comprising a plurality of

compartments containing treatment elements within which
one or more treatments are to be performed on a gas stream
passing through said compartments and through which the

gas stream is to flow sequentially, including and in

order:
a) a compartment containing a first treatment element;
b) a mixing region including addition means for adding a

reducing agent to the gas stream, the mixing region also
including turbulence inducing means to induce turbulence

within the gas stream; and

c) at least one further compartment containing a

treatment element for a catalytic treatment;

characterised in that turbulence inducing means within the
mixing region including angled surfaces that cause at
least some of the gas to flow circumferentially in one
direction and at least some of the gas to flow

circumferentially in an opposite direction.

2. Gas treatment apparatus as claimed in claim 1, in
which the turbulence inducing means comprise one or more
baffles including apertures such that gas may pass through

the apertures.

3. Gas treatment apparatus as claimed in claim 2 in
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which at least one baffle includes louvers that deflect
the gas flow passing through the apertures in a

circumferential direction.

4. Gas treatment apparatus as claimed in any preceding
claim in which the turbulence inducing means within the

mixing region comprises only one baffle.

5. Gas treatment apparatus as claimed in any of claims
2,3 or 4, in which at least one baffle includes apertures
and louvres, the louvres arranged such that at least some
of the gas is directed.circumferentially in one direction
and at least some of the gas is directed circumferentially

in the opposite direction.

6. Gas treatment apparatus as claimed in any preceding
claim, in which the reducing agent is added to the flow
through an injector having a plurality of radially

directed nozzles.

7. Gas treatment apparatus as claimed in claim 6, in
which the turbulence inducing means comprises a baffle
including a plurality of apertures, the number of
apertures in the baffle not being wholly divisible by the

number of nozzles in the injector

8. A gas treatment apparatus as claimed in any preceding
claim, in which the proportion of the gas flow caused to

flow circumferentially in one direction is substantially

v equal to the proportion of gas caused to flow in the

opposite direction.
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9. A gas treatment apparatus substantially as herein
described, with reference to or as shown in the

accompanying drawings.

10. A gas treatment element as claimed in any preceding
claim, in which the first treatment element is a treatment

element for performing a catalytic oxidation.
11. A vehicle including a gas treatment apparatus

substantially as herein described, with reference to or as

shown in the accompanying drawings.
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