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FIELD OF THE INVENTION

The present invention relates to a method of controlling the intake of an internal-
combustion engine, notably of gasoline or diesel type, and to engines using such a

method.

BACKGROUND OF THE INVENTION

Generally, in this type of engine, the exhaust gas is discharged into the atmosphere
through an exhaust line bearing a means for depolluting this exhaust gas before it is

discharged into the atmosphere.

Advantageously, this depollution means is a catalyst through which this gas flows,
and which is intended to remove some pollutants contained therein. The main function
of the catalyst, more particularly a so-called “three-way” catalyst, is to oxidize the
unburnt hydrocarbons (HC) and the carbon monoxide (CO), and to reduce the nitrogen

oxides (NO,), which are the pollutants that are usually present in the exhaust gas.

It is common knowledge that this type of catalyst can only fill its role when it has
reached a minimum temperature of operation start or initiation, referred to as light-off
(of the order of 200°C). This temperature level is essential to allow reaction between the
catalytic elements borne by the catalyst and the pollutants contained in the exhaust gas.
However, notably during the engine cold running period that follows start-up of this
engine, the rise in temperature of the catalyst is not fast enough, which causes discharge
of the unprocessed exhaust gas into the atmosphere. An increase in the temperature rise
speed of this catalyst is consequently necessary to provide exhaust gas depollution and

thus to meet the standards applied to motor vehicle engines that are increasingly severe.
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This problem also arises when the engine is warm with a warm catalyst (at operating
temperature) and when this engine runs at low speeds and/or low torques, such as at idle
speed. In such configurations, the exhaust gas discharged from the engine is at such a
temperature (below 200°C) that it cannot keep the catalyst temperature high enough for

it to be efficient and on the contrary cools it down by flowing therethrough.

Many solutions have been provided to this problem in order to rapidly increase the
catalyst temperature. These solutions essentially consist in increasing the exhaust gas
temperature by either raising, for a short time, the fuel/air ratio of the fuel mixture
present in the cylinders by creating an air deficit in the case of a diesel engine or, in the
case of a gasoline engine, by injecting more fuel into the cylinders with delayed
combustions and by injecting in parallel air into the exhaust line so as to create

afterburning of the exhaust gas upstream from the catalyst.

The major drawback of such solutions is to raise very significantly the fuel
consumption and to be detrimental to the driving comfort. Furthermore, the fuel/air ratio
increase or the exhaust gas afterburning causes an increase in the discharge of pollutants

that will not be treated by the catalyst.

The present invention aims to overcome the aforementioned drawbacks by means of
an engine intake control method that allows to rapidly raise the exhaust gas temperature
while shortening the time required for initiation of the catalyst, and while minimizing
the fuel overconsumption and reducing the discharge of pollutants that are produced and

not treated during the catalyst temperature rise up to the light-off thereof.
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SUMMARY OF THE INVENTION

The invention therefore relates to a method of controlling the intake of an internal-
combustion engine comprising at least two groups of at least one cylinder wherein a
feed is admitted for operation of said engine, and an exhaust line comprising at least one
exhaust gas depollution means, characterized in that it consists, while the engine runs at

low speeds and/or at low torques:
- in evaluating the total feed to be admitted into the cylinders to operate the engine,

- in admitting a greater proportion of the total feed into one of the groups of cylinders
than in the other group of cylinders so as to achieve an exhaust gas temperature increase

allowing to speed up the rise in temperature of the depollution means.

This method can consist in admitting at most all of the total feed into one of the

groups of cylinders.

It can also consist in admitting into one of the groups of cylinders a proportion of
substantially 75 % of the total feed and in admitting into the other group of cylinders the

rest of the total feed.

The feed can consist of the amount of fuel to be injected into the cylinders.

The feed can also consist of the amount of fuel mixture to be fed into the cylinders.

The method can consist in switching the intake of the greatest proportion of the total

feed between the at least two groups of cylinders.

The method can consist in increasing the combustion underadvance of the cylinders

of the group of cylinders with the greatest proportion of total feed.
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BRIEF DESCRIPTION OF THE FIGURES

Other features and advantages of the invention will be clear from reading the
description hereafter, given by way of non limitative example, with reference to the

accompanying figures wherein:

- Figure 1 diagrammatically shows an internal-combustion engine using the method

according to the invention,

- Figure 2 diagrammatically shows an internal-combustion engine variant using the

method according to the invention, and

- Figures 3 to 6 are graphs showing, in relation to the state of the art, the exhaust gas
temperature increase (Figure 3), the decrease in the unburnt hydrocarbons emissions
(Figure 4), in the carbon monoxide emissions (Figure 5) and in the combustion noise

(Figure 6) as a result of the implementation of the method according to the invention.
DETAILED DESCRIPTION

Figure 1 shows an example of an internal-combustion engine of direct fuel injection

type, in particular a diesel engine, using the method according to the invention.

This engine comprises at least two cylinders or at least two groups of at least one
cylinder wherein combustion of the fuel mixture takes place. In the example of Figure
1, the engine comprises four cylinders 10 numbered from C1 to C4 from the bottom of
Figure 1, for better understanding of the description hereafter. The engine of this Figure
1 works according to the ignition cycle referred to as 1, 3, 4, 2, which is known to the
man skilled in the art. These cylinders are divided up into two groups 12, 14 of two

cylinders with, for group 12, cylinders C1 and C4 and, for group 14, cylinders C3 and
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C2. This example does not rule out all the other configurations, such as two groups with
a group of three cylinders C1, C4, C3 and a group of one cylinder C2, or any

configurations depending on the ignition cycle.

Each cylinder comprises at least one intake means 16 with an intake valve 18 and
an intake pipe 20, at least one exhaust means 22 with an exhaust valve 24 and an
exhaust pipe 26, and a fuel injection means 28 such as an injection ramp 30 bearing
injection nozzles 32 allowing fuel to be directly fed into the cylinders. Pipes 20 of
intake means 16 are connected to an intake manifold 34 into which ambient air or
supercharged air is fed through a line 36. Pipes 26 of exhaust means 22 open onto an
exhaust manifold 38 that is associated with an exhaust line 40. This exhaust line bears
depollution means 42 intended for the exhaust gas circulating in this line and more
particularly, but not exclusively, an oxidation catalyst in the case of the diesel engine as

illustrated in Figure 1.

This engine optionally comprises exhaust gas recirculation means referred to as
EGR, allowing the burnt exhaust gas to be fed into the cylinders again. This
recirculation allows to control combustion of the fuel with the fluid(s) present therein.
More particularly, reintroduction of this exhaust gas allows the amount of oxygen
present in these cylinders to be measured out to provide combustion with the fuel

injected.

In the case of the example described, this EGR consists of two distinct EGR circuits
44 and 46. Circuit 44 comprises an exhaust gas recirculation pipe 48 that starts at
exhaust line 40 at a point 50 located downstream from exhaust manifold 38 and

upstream from catalyst 42. This pipe divides, in the vicinity of the intake manifold, into
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two branch lines that open onto the same group of cylinders. More precisely, for group
12, a branch line 52 opens onto intake pipe 20 of cylinder C1 and another branch line 54
opens onto the intake pipe of cylinder C4. This circuit also comprises a valve 56,
referred to as EGR valve, located between point 50 and branch lines 52, 54, and which
allows to control the amount of exhaust gas circulating in pipe 48. EGR circuit 46 also
comprises an exhaust gas recirculation pipe 58 that starts at point 50 and divides, in the
vicinity of the intake manifold, into two branch lines 60, 62. These branch lines open
onto group 14 of cylinders and more precisely onto intake pipe 20 of cylinder C2 and of
cylinder C3. Similarly, pipe 58 bears an EGR valve 64 with the same configuration as

valve 56.

As it is known per se, an engine control unit 66 such as an engine computer controls
running of the engine. This unit contains mappings or data tables allowing to evaluate,
according to the engine running conditions, such as the engine speed, the parameters
required for its operation. This computer also allows to control the components of this
engine, such as fuel injection means 28, through a control line 68 and valves 56 and 64

through a control line 70, 72.

During engine running, the engine computer determines whether this engine runs
under cold operation conditions or if the engine is hot but runs at low speeds and/or low
torques, notably by means of the temperature detector this engine is usually equipped

with.

In these cases, the distribution of the total feed is to be asymmetrized between the
two groups of cylinders. More particularly, one of the groups of cylinders receives a

larger amount of feed than the other, without the overall amount of engine feed being
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changed. By way of example, one of the groups receives 75 % of the initial total feed
and the other one of the groups receives the rest of this feed, i.e. 25 %. Of course, this
asymmetry can be even greater, including operation stop of a group of cylinders by
admitting no feed. In this case, the intake and exhaust valves of this cylinder remain
activated so as to use the gas transfer work through these valves. This allows to increase
the feed supplied to the group of cylinders in operation and thus to contribute to the

exhaust gas temperature increase.

To achieve this asymmetry, the computer contains in its memory or in its tables an
evaluation of the overall amount of fuel that has to be injected into the four cylinders

during the cold operation phase.

Instead of injecting the same proportion of the overall amount of fuel into each
cylinder, as it is done according to the method of the prior art, this computer controls
injection nozzles 32 in such a way that the fuel distribution occurs dissymmetrically for
each group of cylinders. Thus, by way of example, one of the groups of cylinders, for
example group 12 with c;/linders C1 and C4, receives a greater proportion of the overall

amount of fuel than the other group with cylinders C2 and C3.

Considering the large amount of fuel injected into cylinders Cl and C4, the
combustion that takes place in these cylinders is more considerable than that in
cylinders C2 and C3, and it generates exhaust gas at higher temperature than the usual
running conditions of this engine. This high-temperature gas is discharged from
cylinders C1, C4 upon opening of exhaust valves 24 and it mixes with the exhaust gas
from cylinders C2 and C3. This mixing allows to obtain exhaust gas in manifold 38 at a

higher temperature than the exhaust gas temperature commonly obtained in this
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manifold by means of the method according to the prior art. The gas is then discharged
from this manifold and flows through catalyst 42 while raising more rapidly the

temperature of the body thereof so that it reaches its light-off.

In order to prevent too great a temperature gradient in the engine between the two
groups of cylinders, a switch between the groups of cylinders is to be performed. Thus,
the computer controls injection nozzles 32 so as to switch the groups of cylinders after a
certain time of operation, every 10 second for example. When this switch is performed,
group 14 of cylinders C2 and C3 receives the greater proportion of fuel and group 12 of

cylinders C1 and C4 receives the smaller proportion.

Furthermore, in order to control the combustion in the cylinders of each group of
cylinders, valves 56 and 64 are to be controlled in such a way that a large amount of
EGR is sent into the cylinders containing a great proportion of feed and, conversely, a

small amount of EGR is sent to the group of cylinders with a small proportion of feed.

Besides, it is possible to increase still further the exhaust temperatures by subtiming
even more the cylinders that receive the greatest proportion by means of a combustion
underadvance of the cylinders laden with feed. In fact, the working stability of a
cylinder is all the lower for a given subtiming since the cylinder contains feed.
Advantageously, the underadvance can be all the greater since the proportion of feed in

the cylinder is great.

As soon as the catalyst has reached its operating temperature, computer 66 controls
the various components of the engine so as to distribute the feed identically in each

cylinder.
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During a testing survey, the applicant carried out many tests of the method
according to the invention whose results can be seen in Figures 3 to 6. These tests
consisted in using a diesel engine at low speed (approximately 1500 rpm) with a low
MEP, of the order of 0.5 bar, and in performing cold operation thereof according to the

method of the invention and according to the method of the prior art.

Figure 3 shows, for cold operation, the exhaust gas temperature (T in Celsius
degrees) of an engine running according to the method of the prior art (AA) with a feed
evenly distributed among the cylinders and that of an engine running according to the
method of the invention (N). It can be observed that this temperature T increases by
about 50°C between the exhaust gas temperature of the engine using the method
according to the prior art and that of the engine using the method according to the
invention. Advantageously, for the engine using the method according to the invention,
emissions are greatly reduced, by about 36 % for the unburnt hydrocarbons HC (Figure
4 with HC in grams per hour) and by about 62 % for the carbon monoxide CO (Figure 5
with CO in grams per hour). Similarly, the combustion noise B (Figure 6 with B in

decibel) is reduced by about 0.6 dB in relation to the method of the prior art.

Thus, by means of the invention, the exhaust gas temperature is not only
considerably increased, thus promoting fast catalyst operation start, but the pollutants

are also greatly reduced as a result of the high combustion temperature.

Figure 2 shows a variant of Figure 1 with a use of the method according to the
invention in connection with a gasoline type direct-injection internal-combustion engine

generally running under stoichiometric conditions.
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Of course, the present invention can also apply to a sequential-injection gasoline
type internal-combustion engine with at least one fuel injection nozzle per intake pipe

allowing to achieve indirect injection of the fuel.

For simplification reasons, the example of Figure 2 comprises the same reference

numbers for the elements common to the two figures.

This engine also comprises two groups 12, 14 of two cylinders, C1 and C4 for
group 12 and C2and C3 for group 14. Each cylinder comprises at least one intake means
16 with an intake valve 18 and an intake pipe 20, at least one exhaust means 22 with an
exhaust valve 24 and an exhaust pipe 26, and an indirect fuel injection means 74, for
example an injection ramp 76 with injection nozzles 78 feeding fuel into the cylinders
to make a fuel mixture therein. Pipes 20 of group 12 of cylinders C1 and C4 are
connected to an intake manifold 80 into which intake air (ambient air or supercharged
air) is fed through a line 82 whose cross section of flow is controlled by a shutoff means
such as a butterfly shutter 84. Pipes 20 of group 14 of cylinders C2 and C3 are also
connected to another intake manifold 86 into which intake air is fed through a line 88
controlled by a butterfly shutter 90. The cylinders comprise, as it is known per se, a

means for igniting the fuel mixture, such as a spark plug 91.

Symmetrically to the intake pipes, exhaust pipes 26 of group 12 of cylinders C1 and
C4 are connected to an exhaust manifold 92 from which starts an exhaust line 94
bearing an exhaust gas depollution means such as a three-way catalyst 96. Similarly,
exhaust pipes 26 of group 14 of cylinders C2 and C3 are connected to an exhaust

manifold 98 with an exhaust line 100 and a depollution means 102 such as a three-way
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catalyst. Advantageously, lines 94 and 100 can meet downstream from catalysts 96 and

102 so as to form a single exhaust line (not shown).

The engine also comprises an engine computer 66 allowing to control operation of
the engine. This computer notably allows to control injection nozzles 78 through a
control line 104 and butterfly shutters 84, 90 through a control line 106 and 108, as well

as spark plugs 91 through a control line (not shown).

As for the operation of the engine of Figure 1, asymmetrization of the feed
distribution is performed to increase the exhaust gas temperature for cold or hot

operation of the engine at low speeds and/or low torques.

To achieve this asymmetry, the computer evaluates the total feed that has to be
injected into the four cylinders during the conventional cold operation phase, which
corresponds to the total amount of fuel mixture (air or supercharged air with fuel) to be
fed into the cylinders. From this evaluation, the computer controls injection nozzles 78
and butterfly shutters 84, 90 so that the fuel mixture distribution occurs in such a way
that an amount of fuel mixture is greater in one group of cylinders, for example group

12 with cylinders C1 and C4, than in the other group 14 with cylinders C2 and C3.

Thanks to a larger amount of fuel mixture in cylinders-C1 and C4, the combustion
that takes place therein, after control of spark plug 91 by the computer, generates a
higher combustion temperature than in cylinders C2 and C3. The exhaust gas produced
by this combustion is therefore at a higher temperature than under convention cold
operation conditions of this engine. The gas is then discharged, upon opening of exhaust
valves 24, into exhaust manifold 92, which it leaves to flow through catalyst 96, thus

allowing the temperature thereof to be raised.
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In order to also prevent high temperature gradients in the engine, computer 66
controls injection nozzles 78 and butterfly shutters 84, 90 so as to switch the proportions
of the feed in the groups of cylinders after a certain time of operation, every 10 second
for example. Thus, after this switch, group 14 of cylinders C2 and C3 receives the larger
amount of fuel mixture and group 12 of cylinders C1 and C4 receives the smaller

amount.

Similarly, as mentioned above in connection with Figure 1, it is possible to provide
subtiming of the cylinders with the greatest amount of feed by means of a combustion

underadvance of these cylinders so as to increase even further the exhaust temperatures.

Of course, all the stratégies can be considered for raising the temperature of the
catalysts. It is notably possible to perform asymmetrization of the feed for one of the
groups of cylinders until the catalyst concerned has reached its operation initiation
temperature, then to switch this asymmetrization to the other group of cylinders to raise

the temperature in the other catalyst up to the operating temperature thereof.

As soon as the catalysts have reached their operating temperature, computer 66
controls injection nozzles 78 and butterfly shutters 84, 90 so that the feed is evenly

distributed in the groups of cylinders and, consequently, in each cylinder.

The present invention is not limited to the embodiment examples described above

and it encompasses any variant or equivalent.
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CLAIMS

1) A method of controlling the intake of an internal-combustion engine comprising
at least two groups (12, 14) of at least one cylinder (C1-C4) wherein a feed is admitted
for operation of said engine, and an exhaust line (40, 94, 100) comprising at least one
exhaust gas depollution means (42, 96, 102), characterized in that it consists, while the

engine runs at low speeds and/or at low torques:
- in evaluating the total feed to be admitted into the cylinders to operate the engine,

- in admitting a greater proportion of the total feed into one (12) of the groups of
cylinders (C1, C4) than in the other (14) group of cylinders (C2, C3) so as to achieve an
exhaust gas temperature increase allowing to speed up the rise in temperature of

depollution means (42, 96, 102).

2) A method of controlling the intake of an internal-combustion engine as claimed
in claim 1, characterized in that it consists in admitting at most all of the total feed into

one of groups (12, 14) of cylinders.

3) A method of controlling the intake of an internal-combustion engine as claimed
in claim 1, characterized in that it consists in admitting into one (12) of the groups of
cylinders (C1, C4) a proportion of substantially 75 % of the total feed and in admitting

into the other (14) group of cylinders (C2, C3) the rest of the total feed.

4) A method of controlling the intake of an internal-combustion engine as claimed
in any one of the previous claims, characterized in that the feed consists of the amount

of fuel to be injected into the cylinders.
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5) A method of controlling the intake of an internal-combustion engine as claimed

in any one of claims 1 to 3, characterized in that the feed consists of the amount of fuel

mixture to be fed into the cylinders.

6) A method of controlling the intake of an internal-combustion engine as claimed
in any one of the previous claims, characterized in that it consists in switching the

intake of the greatest proportion of the total feed between the at least two groups of

cylinders.

7) A method of controlling the intake of an internal-combustion engine as claimed
in claim 1, characterized in that it consists in increasing the combustion underadvance

of the cylinders of the group of cylinders with the greatest proportion of total feed.

1. Abstract

The present invention relates to a method of controlling the intake of an internal-
combustion engine comprising at least two groups (12, 14) of at least one cylinder (C1-
C4) wherein a feed is admitted for operation of said engine, and an exhaust line (40, 94,

100) comprising at least one exhaust gas depollution means (42, 96, 102).

According to the invention, the method consists, while the engine runs at low
speeds and/or at low torques, in evaluating the total feed to be admitted into the
cylinders to operate the engine, in admitting a greater proportion of the total feed into
one (12) of the groups of cylinders (C1, C4) than in the other (14) group of cylinders
(C2, C3) so as to achieve an exhaust gas temperature increase allowing to speed up the

rise in temperature of depollution means (42, 96, 102).

2. Representative Drawing: Fig. 1
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