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engine and capable of sucking up the amount of additive necessary for optimizing its effect regardless of the location of the additive
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System for storing an additive and injecting it into the exhaust gases of an
engine

With the Euro IV standard on exhaust emissions from vehicles soon
coming into effect, devices for pollution control of NOx (or nitrogen oxides)
must be put in place.

The system used by most vehicle manufacturers for reducing NOx
emissions to the required value generally consists in carrying out a selective
catalytic reaction with reducing agents such as urea ("Urea SCR" or selective
catalytic reduction using ammonia generated iz situ in the exhaust gases by
decomposition of urea).

In order to do this, it is necessary to equip the vehicles with a tank
containing a urea solution and also a device for metering the amount of urea to
be injected into the exhaust line.

With a view to facilitating the operation and re-starting of such a system in
case of freezing, it is advantageous to periodically purge the conduits that have
transported the urea for the purpose of clearing them of liquid additive deposits,
which are capable of solidifying in the event of freezing. In particular, it is
advantageous to purge the line connecting the additive tank to the injector (or
injection line). This also makes it possible to avoid using a complex device for
reheating the urea conduits. Such a purge device is the subject of Application
WO 2006/064028 in the name of the Applicant.

As regards the metering and injection of the urea solutions into the exhaust
gases, several systems have been described in the prior art.

Thus, Application US 2002/0081239 itself describes several solutions
which are respectively: metering by simple gravity; use of a pump; and the fact
of pressurizing the tank either via compressed air, or by mechanical pressure
exerted on a flexible wall of the tank. This application does not provide a purge
System.

Application WO 03/033111 itself describes a metering system using a
pump including a purge device, but which has the drawback of by-passing the
pump (and the neighbouring conduit sections) present in the injection line. Such
a system is therefore not very reliable. Moreover, recourse to a pump involves a

relatively high cost.
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The present application aims to solve these problems by proposing a
system for storing a reducing additive and injecting it into the exhaust gases of
an engine, which is simultaneously simple, effective, reliable and inexpensive. It
is based on the novel idea of using a venturi-type device to suck up the additive,
with the advantage that the devices using this effect are simple, robust and
inexpensive and may also be used to purge the conduits of the system. It should
be noted in this regard that the aforementioned US application mentions the use
of a venturi effect but only for mixing the urea with compressed air, where
appropriate, and not for sucking up the solution from the tank. Therefore, the
system which is described therein must either be equipped with an additional
suction means (for example, a pump), or be positioned in the vehicle so that the
solution can flow by gravity (see § [0036]), which is constricting from a system
architecture point of view.

For this purpose, the present invention relates to a system for storing an
additive and injecting it into the exhaust gases of an internal combustion engine
of a vehicle, said system comprising a tank for storing the additive, an injector
and a device for transporting the additive from the tank to the injector via an
injection line, said device being of the venturi type and capable of sucking up the
amount of additive necessary for optimizing its effect regardless of the location
of the additive tank in the vehicle.

The additive in question within the scope of the invention is preferably a
reducing agent capable of reducing the NOx present in the exhaust gases of
internal combustion engines. Advantageously it is ammonia used directly (which
has the associated safety and corrosion drawbacks) or generated iz situ in the
exhaust gases from a precursor such as urea (which enables the aforementioned
drawbacks to be avoided). The invention gives good results with urea and, in
particular, with aqueous solutions of urea. Eutectic water / urea solutions
(comprising 32.5% by weight of urea) are well suited.

The present invention may be applied to any internal combustion engine
likely to generate NOx in its exhaust gases. It may be an engine with or without a
fuel return line (that is to say, a line returning the surplus fuel not consumed by
the engine to the fuel tank). It is advantageously applied to diesel engines, and in
particular to vehicle diesel engines and particularly preferably to the diesel
engines of heavy goods vehicles.

The system according to the invention comprises at least one tank intended

for storing the additive and at least one injection line intended for carrying the



WO 2008/017673 PCT/EP2007/058189

10

15

20

25

30

35

-3-

additive to an exhaust pipe of the engine. This line is equipped at its end with an
injector that enables the additive to be injected into the exhaust gases. According
to the invention, this line also comprises a venturi device for carrying the
additive from the additive tank to the injector, this device therefore using a
venturi suction effect. In particular, the system according to the invention does
not comprise a pump or any other device that puts the additive solution under
pressure in order to be able to inject it into the exhaust gases. In addition, it
makes it possible to obtain a suction flow rate such that the additive tank may be
positioned anywhere in the vehicle (in other words: the suction effect that this
device makes it possible to obtain is sufficient to be able to cover the whole
range of flow rates required without having to be assisted by a gravity effect).
The flow rates required depend on the amounts required by the catalyst and also
the injection frequency and time. In particular, the venturi device is preferably
capable of providing a flow rate ranging from 0.5 to 100 1/h.

According to the invention, the venturi effect may be obtained by any
known device using a jet or a stream of fluid capable of creating a suction effect.
Preferably, this fluid is a gas, and more particularly preferably, an "inert" gas, i.c.
one that is not very likely or is unlikely to interfere with the SCR reaction.
Indeed, by definition this fluid and the additive will be mixed and injected
together into the exhaust gases. It is preferably air (and in particular compressed
air, as, for example available on heavy goods vehicles equipped with a
compressed-air braking system) or exhaust gases (and in particular pressurized
exhaust gases that come, for example, from a turbocharger of the engine). An
independent source of compressed air also gives good results. It should however
be noted that the use of gases from a turbocharger makes it possible to reheat the
additive solution by passing through the venturi, which is advantageous. The
heat of the gas is indeed useful for vaporizing the urea solution, or even for
forming ammonia.

There are a large number of venturi devices on the market. Within the
scope of the invention, it is possible to envisage a water-aspirator type venturi by
reversing the gas and liquid inlets.

The system according to the invention generally comprises a device that
makes it possible to meter the exact amount of additive required. This device
may be integrated into the injector (in other words: the injector may be a so-
called "active" injector or injector/metering device) or be composed of an

additional device such as a metering valve for example. The latter variant is
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preferred as it makes it possible to separate the metering and injection functions,
which increases the reliability of the system and makes it possible to improve the
robustness of the injector. The metering valve generally has an opening which is
controlled in terms of frequency and time. The preferred choice focuses on
piezoelectric or solenoid type valves which can be operated electronically.

It should be noted that this metering valve may either directly meter out the
amount of additive or meter out the amount of fluid activating the venturi and
consequently the flow of additive sucked up. The latter variant is preferred as it
in fact allows the saving of a valve: that in the line going from the tank to the
venturi.

Usually, the system according to the invention comprises a computer
connected to the metering valve. This computer may be especially dedicated to
this function; alternatively it may be integrated into the central computer of the
vehicle that in particular controls the operation of the engine (ECU or engine
control unit) or into any other computer present in the vehicle (such as that of the
fuel system control unit or FSCU).

According to one preferred variant of the invention, the venturi device may
also be used to purge the system, which therefore generally comprises additional
valves and/or line sections for this purpose.

According to another preferred variant of the invention, which may or may
not be used in conjunction with the previous one, the system according to the
invention comprises a device for cooling the injector. In the case of an active
(metering) injector, this device may consist of a return of additive to the tank.
However, within the scope of the invention, it is preferably a gas expansion
chamber surrounding the injector. According to one particularly advantageous
variant, this gas is the fluid that drives the venturi, and the chamber is connected
to the reserve of this fluid by a line called a cooling line.

The purge and/or cooling of the injector are also controlled by the
aforementioned computer, if necessary.

The present invention is illustrated, in a non-limiting manner, by Figures 1
and 2, which each relate to a different variant. Figure 1 represents a variant with
a metering valve in the line going from the tank to the injector, and Figure 2, a
variant where the metering valve is present in the line driving the venturi. In
these figures, identical numbers denote identical components.

Figure 1 represents one variant of the system according to the invention

comprising an additive tank (1) containing an ammonia precursor (aqueous
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(eutectic) solution of urea comprising 32.5% by weight of urea) and an injection
line (2) going from the tank (1) to an injector (5) located at the exhaust pipe (7).
The injection line (2) comprises a metering valve (6) and a venturi (3) supplied
with air compressed by a compressor (4) via a line equipped with a valve (8).
The valve(s) (6, 8) are two-position on/off valves.

In normal (injection of additive) operating mode, the valve (8) is open
between the compressor (4) and the venturi (3), and the metering valve (6) is
open between the tank (1) and the venturi (3). The amount of solution injected is
measured out using the metering valve (6).

The purge of the lines is carried out according to the following steps:

Step 1: closing the valve (6) between the tank (1) and the venturi (3);
sending compressed air into the venturi (3) through the valve (8) allowing the
portion of the line (2) downstream of the valve (6) up to the injector (5) to be
purged.

Step 2: turning the valves (6) and (8) so as to purge the portion of the line
(2) between the valve (6) and the tank (1) via injection of compressed air to the
valve (8), then to the metering valve (6) and next to the tank (1).

Figure 2 represents a variant where the metering valve (6) is this time
present in the compressed-air line and therefore makes it possible to indirectly
control the amounts of ammonia precursor solution injected.

The injector (5) is equipped with an expansion chamber (9) enabling it to
be cooled following the expansion of the gases transported from the compressor
(4) by the conduit (10).

The injector (5) and its cooling chamber (9), the venturi device (3) and the
line (2) are purged with compressed air when the valve (6) connects the
compressor (4) with a conduit (11) linked to the injector (5) and by doing this,
injects compressed air through the injector (5) then through the venturi device
(3), then through the line (2) up to the tank (1).
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CLAIMS

1. - System for storing an additive and injecting it into the exhaust gases
of an internal combustion engine of a vehicle, said system comprising a tank for
storing the additive, an injector and a device for transporting the additive from

5  the tank to the injector via an injection line, said device being of the venturi type
using an exhaust gas from a turbocharger connected to the engine and being
capable of sucking up the amount of additive necessary for optimizing its effect
regardless of the location of the additive tank in the vehicle.

2.- System according to the preceding claim, characterized in that the

10 venturi device is capable of providing a flow rate ranging from 0.5 to 100 I/h.

3. - System according to either one of the preceding claims, characterized

in that it comprises a metering valve.

4. - System according to the preceding claim, characterized in that the
metering valve is positioned in a line that connects the venturi to a reserve of
15 fluid driving it.

5.- System according to any one of the preceding claims, characterized
in that the venturi device also enables the system to be purged.

6. - System according to any one of the preceding claims, characterized
in that it comprises a device for cooling the injector.

20 7. - System according to the preceding claim, characterized in that the

cooling device is a gas expansion chamber surrounding the injector.
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