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(54) OIL TEMPERATURE CONTROL SYSTEM FOR VEHICLES WITH A LIQUID COOLING CIRCUIT

AND METHOD THEREFOR

(57) It comprises an internal-combustion engine (1),
a radiator (2), a coolant liquid for the engine (1), a heat
exchanger (3), and a first heat-regulation device (4) for
the engine (1). It is characterized in that it comprises a
single coolant liquid inlet to the heat exchanger (3) com-
ing from the radiator (2) or from the engine (1), and a
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second temperature-regulation device (6), controlled by
means of the oil temperature at the entry to or at the exit
from the exchanger (3), allowing the oil to be heated in
a forced-heating step and a natural-heating step, and the
oil temperature to be regulated in order to keep it at its
ideal operating temperature. The oil-temperature-regu-
lation system is greatly simplified.
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Description

[0001] The present invention relates to an oil-temper-
ature-regulation system for vehicles equipped with a lig-
uid-cooling circuit. The invention also relates to the cor-
responding method therefor.

[0002] The oil-temperature-regulation system for ve-
hicles equipped with a liquid-cooling circuit of the present
invention is of the type that comprises an internal-com-
bustion engine, a radiator connected to the outlet from
the engine, a coolant liquid for the engine, a heat ex-
changer that comprises a first circuit for circulating the
coolant liquid and a second circuit for circulating the oil
to be heated or cooled by heat exchange with said coolant
liquid and a first heat-regulation device for the engine,
which regulates the passage of coolant liquid from the
engine either via the radiator in order to cool it or via a
bypass line, which directs it toward the heat exchanger,
as a function of a first operating temperature of the cool-
ant liquid.

BACKGROUND OF THE INVENTION

[0003] Itis known that operation of a vehicle gives rise
to heat dissipation in the oil for lubricating certain com-
ponents, such as the engine, the gearbox, etc., and re-
quires this oil to be cooled (engine oil or transmission ail,
or another oil circuit) in order to prevent an excess of
heat that may be detrimental to its functional character-
istics.

[0004] The oil may be cooled naturally, i.e. by ex-
change of heat with the exterior or with the liquid-cooling
circuit through the walls of the oil pan or of other parts of
the oil circuit, or its cooling may be forced.

[0005] Inthe case of forced cooling, the oil circuit com-
prises an exchanger for dissipating the heat from the oil
into the ambient air (oil/air cooler) or into the coolant liquid
(oil/water cooler).

[0006] In certain systems for forced cooling of oil, reg-
ulation of oil cooling is obtained by incorporating a reg-
ulation device, such as, for example, a thermostat, into
the oil circuit. In these systems, the regulation device is
generally based on regulating the cooling intensity, for
example by modifying the flow of oil or water in the ex-
changer as a function of temperature in order to keep it
constant.

[0007] These systems for regulating oil cooling may
switch continuously between two states: no oil cooling
and maximum oil cooling. However, these systems do
not allow the oil to be heated.

[0008] In practice, it has been found that, in certain
circumstances, for example when starting up the vehicle,
the coolant liquid from the engine may be at a higher
temperature than the oil, while the oil has a temperature
that is as yet too low for optimum functioning, it being, in
this case, appropriate to heat the oil.

[0009] In order to improve this situation, other forced
oil-cooling systems are used that involve an oil/water ex-
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changer, and these comprise a function of heating the
oil by means of the incorporation into the system of an
inlet for hot water, for example coming directly from the
engine. In this case, the regulation device is based on
conveying hot water (which comes, from example, from
the engine) or cold water (which comes, for example,
from a low-temperature radiator) through the oil exchang-
er, as a function of its temperature. This system thus
allows heating of the oil to be speeded up.

[0010] Patent US 6 196 168 relates to a device and
method for preheating and cooling especially a transmis-
sion fluid of an internal-combustion engine.

[0011] Said device is characterized in that it comprises
a thermostatic valve that makes it possible to switch be-
tween two states: a first state causing the coolant fluid
to circulate from the engine to the heat exchanger, with-
out passing via the radiator, in order to heat the oil; and
a second state causing the coolant fluid to circulate from
two different paths toward the heat exchanger, specifi-
cally from the radiator (for cooling) and from the engine
(for heating), so that the oil reaches the desired temper-
ature.

[0012] In these oil-temperature-regulation systems
that comprise both a heating function and a cooling func-
tion, the oil exchanger is constantly in operation, either
functioning in oil-heating mode (temperature of the oil
below the temperature of the cooling water), or in oil-
cooling mode (temperature of the oil higher than the tem-
perature of the cooling water).

[0013] These systems may switch continuously be-
tween these two states (heating or cooling), passing via
an intermediate specific-point state (temperature of the
oil equal to the temperature of the cooling water), when
exchanger efficiency is canceled out.

[0014] However, it may be that the oil temperature is
higher than the temperature of the cooling water but be-
low its ideal temperature. In this case, this second type
of system will always function in cooling mode, and will
therefore halt the desirable heating of the oil up to its
ideal temperature, thereby giving rise to friction wear on
the lubricated components.

DESCRIPTION OF THE INVENTION

[0015] The object of the oil-temperature-regulation
system and method for vehicles equipped with a liquid-
cooling circuit of the present invention is to resolve the
drawbacks of systems known in the prior art by providing
a major simplification of the system by means of a single
coolant fluid inlet and allowing the function of heating or
cooling the oil.

[0016] The oil-temperature-regulation system for ve-
hicles equipped with a liquid-cooling circuit, which is the
subject of the present invention, is characterized in that
it comprises a single coolant liquid inlet to the heat ex-
changer coming from the radiator or from the engine, and
a second temperature-regulation device, controlled by
means of the oil temperature at the entry to or at the exit
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from the exchanger, which regulates the heat exchange
between the coolant liquid and the oil, allowing the oil to
be heated in a forced-heating step and a natural-heating
step, and the oil temperature to be regulated in order to
keep it at its ideal operating temperature.

[0017] This provides a more simplified oil-tempera-
ture-regulation system, since, by means of a single inlet
of coolant fluid to the exchanger, as in the case of a con-
ventional passive exchanger, the system is also able to
carry out the function of heating the oil in two stages:
forced heating of the oil by means of the coolant fluid
("water-forced heating-up") and then natural heating of
the oil ("self-heating-up"), owing to circulation in the en-
gine and the function of regulating the temperature of the
oil.

[0018] Furthermore, it is unnecessary to make any
modification to the oil circuit as compared to a conven-
tional passive exchanger.

[0019] Preferably, the first temperature-regulation de-
vice may be athermostat or a pneumatically or electrically
controlled thermostatic valve.

[0020] Preferably, also, the second temperature-reg-
ulation device is a thermostat or a pneumatically or elec-
trically controlled thermostatic valve.

[0021] Advantageously, the ideal temperature of the
oil is between 90°C and 130°C.

[0022] According to a first aspect of the invention, the
second temperature-regulation device is arranged in the
cooling circuit and is controlled by the oil temperature at
the entry to or at the exit from the exchanger, regulating
the passage of coolant liquid either through the heat ex-
changer or through a bypass line of said exchanger.
[0023] In this case, when the coolant liquid coming
from the engine circulates through the heat exchanger,
the forced oil-heating stage takes place, whereas, when
the coolant liquid circulates through the bypass line, nat-
ural heating of the oil is obtained.

[0024] According to a first embodiment of the inven-
tion, the supply of coolant liquid in the exchanger is
caused by a pressure drop in its corresponding bypass
line.

[0025] According to a second embodiment of the in-
vention, the supply of coolant liquid in the exchanger is
achieved by a bypass line directly from the engine.
[0026] In this way, direct supply to the exchanger
avoids the creation of a pressure drop in the circuit, as
happens in the case described in the first embodiment,
and therefore the thermal performance is improved.
[0027] According to a second aspect of the invention,
the second temperature-regulation device is arranged in
the oil circuit and is controlled by means of the oil tem-
perature at the entry to or at the exit from the exchanger,
regulating the passage of oil either through the heat ex-
changer or through a bypass line of said exchanger.
[0028] In this other case, when the oil circulates
through the heat exchanger, forced heating of the oil
takes place by thermal exchange with the coolant liquid
coming from the engine, whereas, when the oil circulates
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through the bypass line, natural heating of the oil is ob-
tained.

[0029] According to a third embodiment of the inven-
tion, the heat exchanger is located at the exit from a dis-
charge valve of the oil pump.

[0030] The oil-temperature-regulation method for ve-
hicles equipped with a liquid-cooling circuit, applied to
the system of the invention, is characterized in that, in a
first stage, it consists in carrying out the following steps:

a) when the oil temperature is below its ideal tem-
perature, allowing the coolant liquid to circulate from
the engine through the heat exchanger in order to
heat the oil until its temperature reaches a value
slightly below the operating temperature of the cool-
ant liquid, by forced heating;

b) while the oil temperature is higher than or equal
to the operating temperature of the coolant liquid but
below its ideal value, stopping the coolant liquid or
oil from circulating in the exchanger, conveying it
through its corresponding bypass line in order for the
oil temperature to increase progressively until it
reaches its ideal value, by natural heating;

and, in a second stage, the following step is carried
out:

c) when the oil temperature has reached its ideal,
progressively re-establishing circulation of coolant
liquid or of oil through the exchanger so as to obtain
oil-temperature regulation in order to keep it at its
ideal value.

[0031] Advantageously, each one of the above steps
a), b) and c) is controlled by the second temperature-
regulation device as a function of the oil temperature at
the entry to or at the exit from the heat exchanger.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Inorderto facilitate the description of that which
has been set forth above, drawings are attached in which,
diagrammatically and solely by way of nonlimiting exam-
ple, three practical embodiments of the oil-temperature-
regulation system for vehicles equipped with a liquid-
cooling circuit of the invention are shown, in which:

Figure 1 is a diagrammatic circuit of the regulation
system of the invention, according to a first embod-
iment;

Figure 2 is a diagrammatic circuit of the regulation
system of the invention, according to a second em-
bodiment; and

Figure 3 is a diagrammatic circuit of the regulation
system of the invention, according to a third embod-
iment.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0033] A first embodiment of the invention is shown in
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Figure 1, which shows the coolant liquid circuit.

[0034] As may be seen from Figure 1, the oil-temper-
ature-regulation system comprises an internal-combus-
tion engine 1, a radiator 2 connected to the outlet from
the engine 1, a coolant liquid for the engine, a heat ex-
changer 3 located in the water circuit, which comprises
a first circuit for circulating water and a second circuit for
circulating the oil to be heated or to be cooled by heat
exchange with the water, and a first thermostat 4 of the
engine 1 that regulates the passage of water from the
engine 1 either through the radiator 2 in order to cool it
or through a bypass line 5a that directs it toward the heat
exchanger 3 as a function of a first operating temperature
of the water.

[0035] It also comprises a single inlet of water to the
heat exchanger 3 coming from the radiator 2 or from the
engine 1, a second thermostat 6 controlled by means of
the oil temperature at the entry to or at the exit from the
exchanger 3, and a pump 7 that recirculates the water
toward the engine 1.

[0036] In the circuit of Figure 1, it is possible to see
that the supply of coolant liquid in the exchanger 3 is
achieved by means of a pressure drop in its correspond-
ing bypass line.

[0037] Asecond embodimentofthe inventionis shown
in Figure 2, which also shows the coolant liquid circuit.
[0038] Inthis case, the oil-temperature-regulation sys-
tem comprises the same elements as those described in
the first embodiment, the difference being that the supply
of coolantliquid in the exchanger 3 is achieved by means
of a bypass line 5b directly from the engine 1.

[0039] In this way, direct supply to the exchanger 3
avoids the creation of a pressure drop in the circuit, as
happens in the case described in the first embodiment,
and therefore the thermal performance is improved.
[0040] A third embodiment of the invention is shown
in Figure 3, which shows the oil circuit.

[0041] Inthis case, the oil-temperature-regulation sys-
tem comprises the same elements as those described in
the first and second embodiments, the difference being
that the heat exchanger 3 is located in the oil circuit.
[0042] In the same way, the second thermostat 6 is
controlled by means of the oil temperature at the entry
to or at the exit from the exchanger 3.

[0043] It also comprises a pump 8 that aspirates the
oil toward the heat exchanger 3, and a discharge valve
9 located between said oil pump 8 and the heat exchang-
er 3.

[0044] For any of the embodiments described above,
the second thermostat 6 regulates the heat exchange
between the water and the oil, in accordance with the
following mode of operation:

[0045] Firstly, the second thermostat 6 allows circula-
tion of the water from the engine 1 (water temperature
higher than the oil temperature) to the exchanger 3, until
the oil reaches a temperature close to or below the tem-
perature of the water, which is at 90°C. This stage cor-
responds to forced heating of the oil.
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[0046] Next, the second thermostat 6 stops circulation
of the water or oil to the exchanger 3 and conveys it to-
ward its corresponding bypass line such that the oil tem-
perature will increase from 90°C to 115°C. This stage
corresponds to natural heating of the oil and allows the
oiltemperature to increase toits ideal temperature, which
in this example is 115°C.

[0047] Lastly, the second thermostat 6 progressively
re-establishes circulation of the water or oil in order to
keep the oil at its ideal temperature of 115°C.

[0048] Therefore, major simplification of the water cir-
cuitis achieved with a single inlet of water to the exchang-
er 3, also allowing the function of heating to be achieved
in two stages: forced heating of the oil by heat exchange
with the water, and then natural heating, and the function
of regulating the oil temperature.

[0049] In addition, itis unnecessary to make any mod-
ification to the oil circuit as compared to a conventional
passive exchanger.

[0050] Furthermore, although these three preferred
embodiments have been described, it should be pointed
out that the proposed system could function solely in nat-
ural-heating mode owing to circulation in the engine. This
natural heating could be forced by means of the incor-
poration of an element providing an artificial-heating
stage, such as an electrical resistance element within the
oil, or a three-fluid exchanger to allow, for example, heat-
ing of the oil using the gases from the EGR system (ex-
haust gas recirculation system of an engine).

Claims

1. Oil-temperature-regulation system for vehicles
equipped with a liquid-cooling circuit, which compris-
es an internal-combustion engine (1), a radiator (2)
connected to the outlet from the engine (1), a coolant
liquid for the engine (1), a heat exchanger (3) that
comprises a first circuit for circulating the coolant lig-
uid and a second circuit for circulating the oil to be
heated or cooled by heat exchange with said coolant
liquid and a first heat-regulation device (4) for the
engine (1), which regulates the passage of coolant
liquid from the engine (1) either via the radiator (2)
in order to cool it or via a bypass line (5a, 5b), which
directs ittoward the heat exchanger (3), as a function
of a first operating temperature of the coolant liquid,
characterized in that it comprises a single coolant
liquid inlet to the heat exchanger (3) coming from the
radiator (2) or from the engine (1), and a second
temperature-regulation device (6), controlled by
means of the oil temperature at the entry to or at the
exit from the exchanger (3), which regulates the heat
exchange between the coolant liquid and the oil, al-
lowing the oil to be heated in a forced-heating step
and a natural-heating step, and the oil temperature
toberegulatedin orderto keepitatits ideal operating
temperature.
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System according to Claim 1, characterized in that
the first temperature-regulation device (4) is a ther-
mostat.

System according to Claim 1, characterized in that
the first temperature-regulation device (4) is a pneu-
matically or electrically controlled thermostatic valve.

System according to Claim 1, characterized in that
the second temperature-regulation device (6) is a
thermostat.

System according to Claim 1, characterized in that
the second temperature-regulation device (6) is a
pneumatically or electrically controlled thermostatic
valve.

System according to Claim 1, characterized in that
the ideal temperature of the oil is between 90°C and
130°C.

System according to any of Claims 1 to 6, charac-
terized in that the second temperature-regulation
device (6) is arranged in the cooling circuit and is
controlled by the oil temperature at the entry to or at
the exit from the exchanger (3), regulating the pas-
sage of coolant liquid either through the heat ex-
changer (3) or through a bypass line of said exchang-
er (3).

System according to Claim 7, characterized in that
the supply of coolant liquid in the exchanger (3) is
caused by a pressure drop in its corresponding by-
pass line.

System according to Claim 7, characterized in that
the supply of coolant liquid in the exchanger (3) is
achieved by a bypass line (5b) directly from the en-
gine (1) .

System according to any of Claims 1 to 6, charac-
terized in that the second temperature-regulation
device (6) is arranged in the oil circuit and is control-
led by means of the oil temperature at the entry to
or at the exit from the exchanger (3), regulating the
passage of oil either through the heat exchanger (3)
or through a bypass line of said exchanger (3).

System according to Claim 10, characterized in
that the heat exchanger (3) is located at the exit from
a discharge valve (9) of the oil pump (8).

Oil-temperature-regulation method for vehicles
equipped with a liquid-cooling circuit, applied to the
system of the invention, according to any of the pre-
ceding claims, characterized in that, in afirst stage,
it consists in carrying out the following steps:
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13.

a) when the oil temperature is below its ideal
temperature, allowing the coolant liquid to circu-
late from the engine (1) through the heat ex-
changer (3) in order to heat the oil until its tem-
perature reaches a value slightly below the op-
erating temperature of the coolant liquid, by
forced heating;

b) while the oil temperature is higher than or
equal tothe operating temperature of the coolant
liquid but below its ideal value, stopping the cool-
ant liquid or oil from circulating in the exchanger
(3), conveying it through its corresponding by-
pass line in order for the oil temperature to in-
crease progressively until it reaches its ideal val-
ue, by natural heating;

and, in a second stage, the following step is carried
out:

c) when the oil temperature has reached its ide-
al, progressively re-establishing circulation of
coolant liquid or of oil through the exchanger (3)
so as to obtain oil-temperature regulation in or-
der to keep it at its ideal value.

Method according to Claim 12, characterized in
that each one of the steps a), b) and c) is controlled
by the second temperature-regulation device (6) as
a function of the oil temperature at the entry to or at
the exit from the heat exchanger (3).
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