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(57) Abstract: A method and system for improving
air/fuel ratios for in cold start of an engine is disclosed.
The method includes sensing an engine startup opera-
tion, providing intake air at ambient temperature,
providing quantity of start fuel required for startup, in-
creasing temperature of intake air to a target, and de-
termining a ratio of start fuel to intake air needed to
start engine based on intake air temperature. The system
includes a heater for attachment to or near an intake
manifold of the engine, a control device for operating
the heater, at least one sensor for determining temperat-
ure of intake air, and a control module connected to the
sensor for determining amount of fuel required for en-
gine cold start based on temperature of intake air.
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FUELING BASED ON INTAKE TEMPERATURE

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to air/fuel control for an internal combustion engine,
and more particularly, to an improved air/fuel ratio control and cold start intake air preheat

system for assisting in the cold start of a diesel engine.

BACKGROUND OF THE INVENTION

[0002] Cold fuel temperatures are known to result in severe degradation of atomization
quality and fuel vaporization rate. These effects result in the need to utilize enrichment
strategies to guarantee stable operation of the cold engine. Enrichment strategies typically
require that fuel in excess of that required for normal engine operation be injected at the start
of the engine to ensure that enough fuel vapor is available in the combustion chamber. Thus,
cold start of a diesel engine, for example, typically requires dumping a large quantity of fuel
at the cranking period, and gradually stepping down once the engine reaches the desired idle
speed.

[0003] The need for improving the fuel-air mixture in the combustion chamber has been
recognized for many years. One attempted solution to this need has been to install
electrically heated fuel injectors in the internal combustion engine to preheat and improve
atomization of the fuel. Preheating permits prompt starting of the engine even at lower
ambient temperatures, as well as, contributes to the reduction of hydrocarbon emissions upon
start-up. However, there is a need for improved control of air/fuel ratios and preheater
systems without the need for using excess fuel during cold start for better start reliability and

lower hydrocarbon emissions through lower fuel requirements during cold start-up.

SUMMARY OF THE INVENTION

[0004] There is disclosed herein an improved method and control system for improving
air/fuel ratios relating to the cold start of a diesel engine, which avoids disadvantages of prior
methods, while affording additional operating advantages.

[0005] In an embodiment of the invention, a method for controlling the fuel/air ratio
during a cold start for an internal combustion engine is disclosed. The method includes the
steps of, sensing an engine startup operation, providing intake air at an engine air intake

manifold at an ambient temperature, providing a quantity of start fuel required for engine
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startup, providing a heating device for increasing the temperature of the intake air to a target
level, and determining a ratio of start fuel to intake air needed to start the engine based on the
temperature of the intake air.

[0006] In yet another embodiment of the present invention, the method further comprises
the step of increasing the temperature of the intake air to above the ambient air temperature
thereby reducing the ratio of start fuel to intake air.

[0007] In another embodiment of the present invention, a cold start intake air preheat
system for use in assisting with the cold start of an engine, is provided. The system includes
an air intake manifold for the engine, a heating device for attachment to the air intake
manifold, the heating device capable of heating the intake air to a desired temperature. The
system also includes a control device for operating the heating device between an on and an
off position, at least one temperature sensor for determining the temperature of the intake air
and, an electronic control module connected to the sensor, wherein the electronic control
module is capable of determining an amount of fuel from a fuel system required for the cold
start of the engine based on the temperature of the intake air reading from the temperature
sensor.

[0008] These and other aspects of the invention may be understood more readily from the

following description and the appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] For the purpose of facilitating an understanding of the subject matter sought to be
protected, there are illustrated in the accompanying drawings embodiments thereof, from an
inspection of which, when considered in connection with the following description, the
subject matter sought to be protected, its construction and operation, and many of its
advantages should be readily understood and appreciated.

[0010] FIG. 1 is a schematic diagram of an engine and embodiment of the cold start
intake air preheat system of the present invention.

[0011] FIG. 2 is a graph showing the dynamics between coolant temperature, intake air
temperature and fuel delivery at start-up.

[0012] FIG. 3 is a graph showing the dynamics between intake air heating being higher
than the coolant temperature, and the same fuel delivery during start-up as FIG. 1.

[0013] FIG. 4 is a graph showing the dynamics between the temperature of the intake air

being the same as coolant, and the increased fuel delivery during start-up.
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DETAILED DESCRIPTION OF THE INVENTION

[0014] While this invention is susceptible of embodiments in many different forms, there
is shown in the drawings and will herein be described in detail a preferred embodiment of the
invention with the understanding that the present disclosure is to be considered as an
exemplification of the principles of the invention and is not intended to limit the broad aspect
of the invention to embodiments illustrated.

[0015] Referring to FIG. 1, there is illustrated a typical internal combustion engine 10.
Since its operation is well know, the details of the engine 10 will only be briefly outlined as it
relates to the present invention. For example, an internal combustion engine 10 includes an
air intake manifold 12 and an exhaust manifold 14, both operatively connected to the engine
block 16. Intake air passing through the intake manifold 12 is combined with injected fuel
from a fuel system 15 to form an air-fuel mixture in the combustion chambers (not shown).
In a standard diesel powered combustion engine, for example, compressed intake air is sent
into a combustion chamber and is compressed to a high compression ratio. Fuel is then
sprayed through fuel injectors (not shown) to the compressed intake air for combustion of
the fuel by making use of heat generated from a higher compression ratio to ignite
spontaneously, thus causing a piston to move up and down (not shown). The rate of fuel
delivery may be regulated by a mechanical or electronic governor (not shown) which
regulates idle speed and maximum speed of the engine by controlling the rate of fuel
delivery. Tt is well-known that during the cold start process, excess fuel is typically used.
Thus, during cold start-up, it is believed it would be useful to heat the air in the intake system
of the engine 10 as a combustion aid to avoid the excess fuel requirement.

[0016] As illustrated in FIG. 1, in an embodiment of the present invention, preheating of
intake air is accomplished through a cold start intake air preheat system 18. The intake air
preheat system 18 includes a heating device 20 for heating the intake air at the air intake
manifold 12, a control device 22 for operating the heating device between and "on" and an
"off" position, at least one sensor or a series of sensors 24 such as temperature sensors, for
determining the temperature of the intake air at the air intake manifold, and a microprocessor-
based engine control module (ECM) 26 for determining an amount of fuel required for cold
start of the engine based on the temperature of the intake air.

[0017] The heating device 20 may include any heating device, which can be easily

installed within, on, or proximate to, the air intake manifold 12 of the engine 10. Suitable
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heating devices 20 may include a heating block, resistive grid heaters, or other heating
elements that may be known to those skilled in the art. It would be advantageous that the
heating device 20 heat instantaneously when switched on. It is contemplated that the heating
device 20 would obtain its power from a battery (not shown) of the engine 10.

[0018] A control device 22 may include any form of suitable control device known in the
art, including but not limited to, a switch. The control device 22 would activate the heating
device, preferably to an "on" position prior to the start-up of the engine. For example, the
driver entering the cab of the vehicle would flip a toggle switch or push a button acting as the
control device 22 to activate the heating device 20 just prior to turning the ignition switch to
start the engine 10. Optionally, the heating device 20 may also be in a constant "on" or
standby position, so that it is activated when the ignition of the engine is turned on.

[0019] The system 18 also includes at least one sensor or a series of sensors 24,
preferably temperature sensors, which would be linked to the ECM 26 in a known manner.
The sensor or sensors 24 are used to read the temperature of the intake air at the intake
manifold 12, which is then relayed to the ECM 26. Based on the temperature reading of the
intake air, the ECM 26 determines whether additional fuel is needed to assist in the start of
the engine. If, based on the sensor 24 readings, the intake air temperature is not at a specific
reading, the information is relayed through the ECM 26 to the fuel system 15, and a spike in
additional fuel is injected at start-up in order to start the engine. On the contrary, should the
sensors 24 indicate that the temperature of the intake air is above a certain level, such as
above the temperature of the coolant and/or the ambient temperature, the ECM 26 will not
signal the fuel system 15 to provide the additional fuel spike otherwise required during a
typical cold start. Sensors 24 useful in the present invention can be any type known in the
art, and already employed in most engines.

[0020] The fuel injection system 15 and other electronic sub-systems of the engine 10 are
controlled by the ECM 26 in response to various inputs. Various inputs pertinent to the fuel
control and engine operations, and which may also be utilized in the present invention,
include the intake manifold absolute pressure (MAP), the engine speed (ES), the engine
coolant temperature (CT), the exhaust gas oxygen signal (02), and the ignition state
(IGN_STATE). Again, such input signals are obtained with conventional sensors well
known to those skilled in the art.

[0021] In general, the ECM 26 determines an appropriate quantity of fuel to be injected
based on a measure or estimation of the ingested inlet mass air flow temperature and a target

air/fuel ratio for combustion in the engine cylinders. During cold starting and warm-up of the
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engine 10, the exhaust gas oxygen sensor (not shown) is inoperative, and the fuel injection
quantity is determined in an open-loop manner based on the above mentioned inputs to
produce an open-loop air/fuel. Such ratio may be somewhat richer than the stoichiometric
ratio as indicated since the internal surfaces of engine 10 are initially too cool to completely
vaporize the injected fuel.

[0022] The present invention makes use of the benefit of increasing the temperature of
intake air at the air intake manifold 12 and its effect on decreasing the amount of fuel
required during a cold start. This concept is illustrated in FIGS. 2-4. FIG. 2 is a conceptual
graph illustrating that during a typical cold start, when the intake air temperature 28 is the
same as the coolant temperature 30, and regardless of the amount of fuel delivery 32, the
engine will not start, as shown by the overall decrease in engine speed 34. FIG. 3, which is
an illustrative embodiment of the present invention, shows that when the intake air
temperature 28 is heated to a temperature greater than that of the coolant temperature 30,
subsequent fuel delivery 32 results in the engine starting. The scenario of FIG. 3 shows that a
spike in fuel is not required to start the engine. FIG. 4 is a conceptual graph illustrating that
when the intake air temperature 28 and the coolant temperature 30 are the same, the engine
will start with a substantial initial spike in the amount of fuel. Again, while the scenario of
FIG. 4 results in the engine start-up, it is not the ideal situation, as the excess fuel required at
start-up remains effectively unburned, and may result in higher hydrocarbon emissions.
[0023] The matter set forth in the foregoing description and accompanying drawings is
offered by way of illustration only and not as a limitation. While particular embodiments
have been shown and described, it will be apparent to those skilled in the art that changes and
modifications may be made without departing from the broader aspects of applicants’
contribution. The actual scope of the protection sought is intended to be defined in the

following claims when viewed in their proper perspective based on the prior art.
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CLAIMS

What is claimed is:
1. A method for controlling the fuel/air ratio during a cold start for an internal

combustion engine, the method comprising the steps of:
sensing an engine startup operation;
providing intake air at an engine air intake manifold at an ambient temperature;
providing a quantity of start fuel required for engine startup;

providing a heating device for increasing the temperature of the intake air to a target

level; and,

determining a ratio of start fuel to intake air needed to start the engine based on the

temperature of the intake air.

2. The method of claim 1, wherein the step of providing a heating device for increasing
the temperature of the intake air includes providing the heating device within the intake

manifold.

3. The method of claim 2, wherein the method the step of providing a heating device for
increasing the temperature of the intake air includes providing the heating device proximate

to the intake manifold.

4. The method of clam 1, wherein the method further comprises the step of increasing

the temperature of the intake air to above the ambient air temperature.

5. The method of claim 4, wherein the step of increasing the temperature of the intake

air to above the ambient air temperature reduces the ratio of start fuel to intake air.

6. A method for assisting in the cold start of an internal combustion engine, the method

comprising the steps of:
sensing an engine startup operation;
providing intake air through an engine air intake manifold;
providing an appropriate start fuel quantity;

sensing a temperature of the intake air;
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calculating a ratio of intake air to start fuel quantity based on the temperature of the

intake air; and,

adjusting the quantity of the start fuel based on the calculated ratio of intake air to

start fuel quantity to start the engine.

7. The method of claim 6, wherein the method further comprises the step of providing a
heating device proximate to the air intake manifold to increase the temperature of the intake

air by passing the intake air through the heating device.

8. The method of clam 7, wherein the step of increasing the temperature of the intake air

includes increasing the temperature to above the ambient air temperature.

9. The method of claim 6, wherein the step of adjusting the quantity of the start fuel
includes reducing the quantity of the start fuel when the temperature of the intake air

increases.

10. A cold start intake air preheat system for use in assisting in the cold start of an engine,

the system comprising:
an air intake manifold for the engine;

a heating device for attachment to the air intake manifold, the heating device capable

of heating the intake air to a desired temperature;
a control device for operating the heating device between an on and an off position;
at least one temperature sensor for determining the temperature of the intake air; and,

a electronic control module connected to the sensor, wherein the electronic control
module is capable of determining an amount of fuel from a fuel system required for the cold
start of the engine based on the temperature of the intake air reading from the temperature

SCNnsor.

11.  The intake air preheat system of claim 10, wherein the heating device is positioned

proximate to the air intake manifold.

12.  The intake air preheat system of claim 11, wherein the heating device is capable of

heating the intake air to above the ambient temperature.
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13. The intake air preheat system of claim 10, wherein the temperature sensor comprises a

series of sensors for determining the temperature of the intake air.

14.  The intake air preheat system of claim 10, wherein the electronic control module
determines a decreased amount of start fuel required to start the engine when the intake air

temperature increases.
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