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(57) Abstract: The invention relates to an engine cooling system with a cooling circuit (101) comprising a coolant pump (102) for
supplying an engine with a coolant and for circulating the coolant in the cooling circuit, and at least one heat exchanger (104) for
cooling said coolant downstream of the engine, wherein an expansion tank (110) is connected to the cooling circuit (101) upstream
of the coolant pump. The cooling system is pressurized by a pressure regulating means (113, 324) arranged to pressurize coolant
supplied to the cooling circuit (101) from the expansion tank (110) during at least one predetermined operating mode of the engine
and that the expansion tank (110) is closed to the ambient atmosphere during all normal engine operation modes.
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TECHNICAL FIELD

This invention relates to engine cooling systems for vehicles, such as trucks,
cars or buses, as well as stationary generator units, in particular to cooling

systems provided with an expansion tank closed to the ambient atmosphere.
BACKGROUND ART

Engine cooling systems of this type often comprise an expansion tank. The
expansion tank has many functions, among them to take care of the coolant
expansion caused by increased coolant temperature, and to build up
pressure in the system in order to pressurize the coolant pump suction side
to avoid pump cavitation. For a truck or stationary engine installation with a
coolant system containing 50-70 litres the coolant may expand around 2 litres
from cold start to normal working temperature.

With expansion tanks used in vehicles today, a common solution is to use a
controllable valve that may be set to open at a predetermined, relatively high-
pressure. The valve links the expansion volume inside the expansion tank
with ambient air. This means that when the coolant is heated and expands,
the air in the expansion tank is compressed until the pressure reaches the
higher setting of the valve. The valve opens and releases air to the ambient
atmosphere until the pressure has dropped to a desired pressure. This air is
saturated with coolant, which is lost to the ambient air.

During operating conditions when the temperature of the coolant is reduced,
for example due to lower engine load or the cooling fan starting to engage,
the coolant volume decreases and the pressure at the pump will be lowered.
This will in turn reduce the pressure of the air in the expansion tank. When
this pressure drops below a lower setting of the valve the valve opens, letting
ambient air into the tank. This prevents the pressure in the cooling circuit
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from dropping below a predetermined pressure where cavitation may occur in

the coolant pump.
DISCLOSURE OF INVENTION

The object of the invention is to solve at least one of the above discussed
problems associated with prior art coolant systems, and particularly to
provide a cooling system that can be controlied to quickly build up pressure
at the coolant pump suction side when starting the engine, in order to avoid

cavitation in the pump.

The object is achieved by means of an engine cooling system according to
claim 1. The invention also relates to a vehicle provided with such an engine

cooling system according to the invention.

The invention relates to an engine cooling system with a cooling circuit
comprising a coolant pump for supplying an engine with a coolant and for
circulating the coolant in the cooling circuit and at least one heat exchanger
for cooling said coolant downstream of the engine. In the cooling circuit, the
pump will supply coolant to the engine, wherein the coolant is heated. Heated
coolant may pass through a thermostat which, depending on the temperature
of the coolant, will direct the coolant directly back to the pump or to a heat
exchanger. The heat exchanger may be a radiator arranged to reduce the
temperature of the coolant to a desired level. An expansion tank may be
connected to the cooling circuit upstream of the coolant pump. The cooling
system is pressurized by a pressure regulating means arranged to pressurize
coolant supplied to the cooling circuit from the expansion tank during at least
one predetermined operating mode of the engine and the expansion tank is
closed to the ambient atmosphere during all normal engine operation modes.
For instance, one such operating mode may be a cold start of the engine.

Pre-pressurizing the coolant supplied to the coolant pump reduces the risk of
cavitation in said pump, due to a relatively low pressure in the suction conduit

when the engine is started. Furthermore, by such an engine cooling system
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an even pressure without pressure peaks (high and low pressure) can be
maintained. This is an advantage because pressure peaks may cause
damage to the components of the coolant system. Introduction of ambient air
into the system and loss of coolant to ambient air can be avoided, and thus
oxidation of the coolant is prevented or counteracted.

According to a first embodiment, the pressure regulating means is located in
the expansion tank and may be arranged to displace a volume of coolant in
the expansion tank. When the pressure regulating means is pressurized, the
pressure of the coolant in the expansion tank increases and the pressurized
coolant will be forced into a suction conduit for the pump in the cooling circuit.
The pressure regulating means may be a diaphragm or a similar suitable
device arranged in the expansion tank. The system may be pressurized by
increasing the volume of such a diaphragm by supplying it with compressed
air or a similar suitable fluid. The system pressure is controlled by a suitable
valve, such as a 3-way valve, that can either let air into the expansion tank or
release it to the ambient air. The function of such a valve will be described in
further detail below. The expansion tank may further contain a pressure
actuated safety valve that will open to ambient air if the pressure in the tank

increases above a predetermined maximum allowed pressure.

The volume of the expansion tank is preferably relatively large. A large
expansion tank may contain a comparatively large diaphragm that may be
used to create a desired pressurization of the coolant over a relatively large
span of temperatures and coolant volumes. Also a relatively large expansion
tank allows excess pressure to escape from the cooling circuit without
causing an undesirably high pressure in the said tank. In a standard size
tank, excess pressure spikes may cause a safety valve to open, which in turn
would result in an undesired release of air and coolant to the ambient
atmosphere. The volume of the expansion tank may be selected in the range
10-30%, preferably about 15%, of the total system volume. For the most

common engine sizes, the volume of the expansion tank may be selected in
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the range 25-40 litres, depending factors such as the total cooling circuit
volume and desired coolant pressure to be delivered to the suction conduit of
the pump.

The pressure regulating means may be supplied with a pressurized fluid from
an external source of pressure. The external source of pressure may be
compressed air from a tank or compressor adjacent the engine or on a
vehicle on which the engine is mounted. The source of compressed air could
for example be supplied by an existing brake compressor in the vehicle or
from an air compressor in a supercharged engine. Other suitable pressure
sources may be pressurized hydraulic fluid from a pump on or adjacent the
engine. Such a compressor or pump may be driven by the engine or a similar
suitable source of power.

As the pressurized fluid is contained in a volume separated from the coolant,
the fluid and the coolant are maintained in a non-contacting relationship to
avoid contamination of the coolant. The fact that the cooling system is not
directly connected to ambient air means that no coolant will be lost to the
ambient air, and that no air that can oxidize the coolant will be introduced in
the cooling system.

In a first example of the first embodiment, the expansion chamber may be
located on the heat exchanger upstream of the coolant pump. For instance, if
an upper section of the radiator is the highest located point of the cooling
circuit, then the expansion tank may be mounted on or adjacent the upper
section of said radiator. In this example, the expansion tank will also act as a
deaeration chamber, wherein gas bubbles may be removed from the coolant.

In a second example of the first embodiment, the cooling system may
comprise a separate deaeration chamber located at the highest point of the
coolant system upstream of the coolant pump. The deaeration chamber may
be mounted on the heat exchanger or radiator arranged to cool the coolant.

The volume of the deaeration chamber may be relatively small and is mainly
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used to deaerate the system and to provide a location for filling coolant. For
instance, when using an expansion tank with a volume of about 30 litres, the
volume of the deaeration chamber may be in the range of 0,5 litres. However,
even when using a large expansion tank with a volume around 40 litres, the
volume of the deaeration chamber should preferably not exceed 5 litres.
Similar to the first example, the gas may escape to the deaeration chamber
through conduits connected to the thermostat and the upper tank of the
radiator. A lower section of the deaeration chamber is connected to the
suction conduit of the pump, in order to provide a static fill for the cooling
circuit. An upper section of the deaeration chamber is in turn connected to a
lower section of the expansion tank. This allows excess pressure to escape
the cooling circuit by passing from the deaeration chamber into the
expansion tank. Also, pressurized fluid may be forced from the expansion
tank, through the deaeration chamber and into the suction conduit of the

pump, in order to allow pressurization of the coolant supplied to the pump.

By providing the deaeration chamber on or adjacent the upper section of the
radiator, the expansion chamber may be placed remote from the radiator.
This allows the expansion tank to be placed in any suitable location on the
truck, for example on the frame or chassis of a vehicle. Locating the
expansion tank on the frame or chassis of the vehicle also adds to the
packaging flexibility of the expansion tank. The smaller deaeration chamber
can more easily be packaged on top of the cooling package, or radiator and
the larger expansion tank can be placed in any suitable location.
Furthermore, the larger expansion volume allows the same parts to be used

on a wider range of installations.

As stated above, in connection with the first and second examples, the
pressure regulating means may be connected to a source of fluid pressure
via a controllable valve. The valve may be a pressure controlled valve that
can be controlled by the pressure in the expansion tank. The valve may be a
pressure controlled valve actuated directly by the pressure in the expansion
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tank, or a solenoid valve actuated on the basis of a signal from a pressure
sensor in the tank.

The cooling system pressure may preferably, but not necessarily, be
controlled by a pressure actuated 3-Way valve. During start-up of the engine
the valve may be arranged in an open position, in order to pressurize a
diaphragm in the expansion tank to a predetermined pressure using a source
of pressure. The valve may be maintained in a first open position as long as
the pressure in the exbansion tank is less than a predetermined pressure
setting for the valve. When the pressure in the cooling circuit and the
expansion tank reaches the set pressure for the valve, the valve will move to
a closed position in order to maintain this pressure. The pressure setting for
the valve may be a substantially fixed pressure or a range comprising an
upper and a lower limit at which limits the valve is arranged to switch. During
normal operation of the engine after start-up, the valve is controlled by the
pressure in the expansion tank to maintain a predetermined pressure in the
expansion tank and the cooling circuit. If a pressure spike, hi.gher than the
desired set pressure, should occur in the cooling circuit, the increased
pressure may act on the valve to move it to a second open position to
release pressure from the diaphragm. Should the cooling circuit experience a
pressure cycling relative to the pre-set pressure for the valve, the valve may
be used to counteract this condition. During each pressure drop the valve
may be moved to the first open position to supply pressure to the diaphragm,
while a subsequent increase in pressure may cause the valve to be moved to
the second open position to release pressure from the diaphragm.

The expansion tank may also be provided with a safety valve. The safety
valve may be set to release a relatively high excess pressure to the
atmosphere. The valve release pressure is preferably set at a level that will
maintain the cooling system in a closed state during all normal operating
conditions. The valve should only open when there is a risk of damaging

components in the cooling system. The safety valve is preferably, but not
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necessarily, a pressure controlled 2-way valve. The valve is normally
maintained in a closed position, but may open at a predetermined set
pressure to release excess pressure from the expansion tank.

According to a second embodiment, the pressure regulating means may be
located in a supply conduit connecting the expansion tank to the cooling
circuit system upstream of the coolant pump, hereinafter referred to as the
main coolant pump. The cooling system may comprise a separate deaeration
chamber located at the highest point of the coolant system Upstream of the
main coolant pump. The deaeration chamber may be mounted on the heat
exchanger or radiator arranged to cool the coolant. The volume of the
deaeration chamber may be relatively small and is mainly used to deaerate
the system and to provide a location for filling coolant. For instance, when
using an expansion tank with a volume of about 30 litres, the volume of the
deaeration chamber may be in the range of 0,5 litres. However, even when
using a large expansion tank with a volume around 40 litres, the volume of
the deaeration chamber should preferably not exceed 5 litres. Any gas
present in the coolant may escape to the deaeration chamber through
conduits connected to the thermostat and the upper tank of the radiator. A
lower section of the deaeration chamber is connected to the suction conduit
of the pump, in order to provide a static fill for the cooling circuit. An upper
section of the deaeration chamber is in turn connected to the expansion tank.
In this embodiment the cooling system may comprise a deaeration chamber
located upstream of the main coolant pump. The expansion tank is
connected to the deaeration chamber via a conduit provided with a
controllable valve. The controllable valve is preferably, but not necessarily, a
pressure controlled 2-way valve. The valve can be spring loaded towards a
closed position, but may open when the pressure in the main cooling circuit
exceeds a predetermined set pressure to release excess pressure from the
deaeration chamber to the expansion tank, in order to maintain a desired
pressure in the main cooling circuit. When the engine is running a pre-

pressurizing pump may be operated continuously to supply the main circuit
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with pressurized coolant. The pressure in the main circuit is maintained and
controlled by the pressure controlled valve located between the deaeration
tank and the expansion tank.

By providing the deaeration chamber on or adjacent the upper section of the
radiator, the expansion chamber may be placed remote from the radiator.
This allows the expansion tank to be placed in any suitable location on the
truck, for example on the frame or chassis of a vehicle. Locating the
expansion tank on the frame or chassis of the vehicle also adds to the
packaging flexibility of the expansion tank. The smaller deaeration chamber
can more easily be packaged on top of the cooling package, or radiator and
the larger expansion tank can be placed in any suitable location.
Furthermore, the larger expansion volume allows the same parts to be used

on a wider range of installations.

As in the first embodiment above, the volume of the expansion tank is
preferably relatively large. A large expansion tank may be used to allow a
desired pressurization of the coolant over a relatively large span of
temperatures and coolant volumes, without having to vent the tank to the
ambient atmosphere during periods of relatively high pressure in the system.

The volume of the expansion tank may be selected in the range 10-30% of

the total volume of the cooling system. The volume of the expansion tank
may be selected in the range 25-40 litres, depending factors such as the total
cooling circuit volume and desired coolant pressure to be delivered to the

suction conduit of the pump.

According to the second main embodiment of the invention, the pre-
pressurized coolant is supplied by the pre-pressurizing coolant pump as
previously described, or alternatively by any other suitable pressure
regulating means, such as for example an injector device. During certain
operating conditions, such as a start-up of the engine, the pump may draw
coolant from the expansion tank and supply pre-pressurized coolant to the
main coolant pump in the cooling circuit. This reduces the risk of cavitation in
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the main coolant pump, due to a relatively low pressure in the suction conduit

when the engine is started.

The system pressure may be controlled by the pressure controlled valve
using a signal from a pressure sensor located at a suitable position in the
cooling circuit, such as immediately upstream of the main coolant pump.
During start-up of the engine the pre-pressurizing coolant pump may be
arranged to supply coolant from the expansion tank at a predetermined
pressure to the main coolant pump. When the pressure in the cooling circuit
and the expansion tank reaches the set pressure the pre-pressurizing coolant
pump is continuously operated to assist the main coolant pump in
maintaining a predetermined pressure in the cooling circuit. During normal
operation of the engine after start-up, the pressure controlled valve is opened
or closed to maintain this pressure. If a pressure spike, higher than the
desired set pressure, should occur in the cooling circuit, the increased
pressure may act on the controllable valve to move it to an open position.
Excgés pressure will then be released from the deaeration chamber to the
expansion tank. Should the cooling circuit experience a pressure cycling
relative to the pre-set pressure for the cooling circuit, the pre-pressurizing
coolant pump and the controllable valve may be used to assist the main
coolant pump in counteracting this condition. During each pressure drop the
pre-pressurizing coolant pump will supply pressure to the suction conduit to
counteract this condition, while a subsequent increase in pressure may
cause the controllable valve to be moved to its open position to release
pressure to the expansion tank.

Alternatively, the pre-pressurizing coolant pump may be operated as long as
the pressure in the suction conduit is less than a predetermined pressure.
When the pressure in the cooling circuit and the expansion tank reaches the
set pressure the pre-pressurizing coolant pump is deactivated, where after
the main coolant pump will maintain this pressure. During normal operation of

the engine after start-up, the pre-pressurizing coolant pump may be
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controlled by a sensed pressure in the expansion tank to assist the main
coolant pump in maintaining a predetermined pressure in the cooling circuit.
If a pressure spike, higher than the desired set pressure, should occur in the
cooling circuit, the increased pressure may act on the controllable valve to
move it to an open position. Excess pressure will then be released from the
deaeration chamber to the expansion tank. Should the cooling circuit
experience a pressure cycling relative to the pre-set pressure for the cooling
circuit, the pre-pressurizing coolant pump may be used to assist the main
coolant pump in counteracting this condition. During each pressure drop the
pre-pressurizing coolant pump may, if necessary, be actuated to supply -
pressure to the suction conduit, while a subsequent increase in pressure may
cause the controllable valve to be moved to its open position to release

pressure to the expansion tank.

The volume of the expansion tank is preferably relatively large. A large
expansion tank may contain a comparatively large diaphragm that may be
used to create a desired pressurization of the coolant over a relatively large
span of temperatures and coolant volumes. Also a relatively large expansion
tank allows excess pressure to escape form the cooling circuit without
causing an undesirably high pressure in the said tank. In a standard size
tank, excess pressure spikes may cause a safety valve to open, which in turn
would result in an undesired release of air and coolant to the ambient
atmosphere. The volume of the expansion tank may be selected in the range
25-40 litres, depending factors such as the total cooling circuit volume and
desired coolant pressure to be delivered to the suction conduit of the pump.

The expansion tank may also be provided with a safety valve. The safety
valve may be set to release a relatively high excess pressure to the
atmosphere. The valve release pressure is preferably set at a level that will
maintain the cooling system in a closed state during all normal operating
conditions. The valve should only open when there is a risk of damaging

components in the cooling system. The safety valve is preferably, but not
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necessarily, a pressure controlled 2-way valve. The valve is normally
maintained in a closed position, but may open at a predetermined set
pressure to release excess pressure from the expansion tank. An additional
sensor can be located in the expansion tank for monitoring the pressure
therein and/or to control a solenoid operated safety valve.

The invention further relates to a vehicle provided with a cooling system as
described for the first and second embodiments above. Hence the vehicle
may be provided with a pressure regulating means arranged to displace the
coolant in the expansion tank, by means of a diaphragm or similar, using a
source of fluid pressure via a controllable valve. The pressure source may be
an air tank, an air compressor or a compressor in a supercharger located on

vehicle.

Alternatively the vehicle may be provided with a pressure regulating means
for maintaining a predetermined pressure in the main coolant pump, as
described above. The pressure regulating means may be a controliable
pump or an injector arranged to supply coolant under pressure to the main
coolant pump in the cooling circuit. This arrangement may be used to prevent
cavitation in the main coolant pump during certain operating conditions, such

as a start-up of the engine.

The pressurized cooling systems described in the above embodiments
provide a cooling system that can be controlled to quickly build up pressure
at the coolant pump suction side when starting the engine, in order to avoid
cavitation in the pump. The pressurized cooling systems according to the
invention also provides means for maintaining an even pressure that is high
enough to avoid pump cavitation during operation of the engine, even when
the coolant has cooled down. The cooling systems also make it possible to
avoid pressure peaks (high and low pressure) and pressure cycling that may
damage the components in the coolant system. A further object is to avoid
introducing ambient air into the system, which air may oxidize the coolant

(ageing of coolant), and to avoid loosing coolant to ambient air. The invention
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will therefore have a positive effect on the life time of the components in the
coolant system and of the coolant and the efficiency of the coolant pump.
Examples of additional advantages with the solutions according to the
invention are that coolant top off intervals should be less frequent since there
is no continuous loss of coolant, which is also beneficial for the environment.
Since the expansion tank has a larger expansion volume which is less
sensitive to small leaks. With the expansion tank mounted on the chassis, the
tank is easier to service and facilitates reading of the coolant level.

BRIEF DESCRIPTION OF DRAWINGS

In the following text, the invention will be described in detail with reference to
the attached drawings. These schematic drawings are used for illustration
only and do not in any way limit the scope of the invention. In the drawings:

Figure 1 shows a pressurized cooling system according to a first
embodiment of the invention;

Figure 2 shows a pressurized cooling system according to an
alternative first embodiment of the invention; and

Figure 3 shows a pressurized cooling system according to a second
embodiment of the invention.

EMBODIMENTS OF THE INVENTION

Figure 1 shows a pressurized cooling system according to a first embodiment

of the invention.

The engine cooling system comprises a cooling circuit 101 with a coolant
pump 102 for supplying an engine 103 with a coolant and for circulating the
coolant in the cooling circuit 101. A radiator 104 is provided for cooling said
coolant downstream of the engine 103. In the cooling circuit, the pump 102
will supply coolant to the engine 103, wherein the coolant is heated. Heated



WO 2008/097166 PCT/SE2008/000109

10

15

20

25

30

13

coolant will pass through a thermostat 105 which, depending on the
temperature of the coolant, will direct the coolant directly back to the pump
102 through a first conduit 106, or indirectly via the radiator 104 through a
second conduit 107. The radiator 104 is arranged to reduce the temperature
of the coolant to a desired level, which temperature reduction is assisted by a
cooling fan 108. The cooling system can also be arranged to cool a charge
air cooler (not shown) located adjacent the radiator 104. An expansion tank
110 is connected to the cooling circuit 101 via a supply conduit 111
connected to a third conduit 112 connecting the outlet of the radiator 104 and
the coolant pump 102. The supply conduit 111 is connected to the expansion
tank 110 adjacent the bottom thereof. The expansion tank 110 and the
supply conduit 111 provide a static filing means for the cooling circuit,
wherein fluctuation in coolant volume is taken up by the expansion tank 110.
The third conduit 112 is also referred to as the suction conduit. In this
example the expansion tank 110 is placed on or adjacent the upper part of
the radiator 104 and is in fluid connection with both the radiator 104 and the
thermostat 105. This allows air and excess pressure to escape from the
cooling circuit 101 to the expansion tank 110. In this way the expansion tank
110 will also act as a deaeration chamber, wherein gas bubbles may be
removed from the coolant. The cooling system is pressurized by a pressure
regulating means comprising a schematically indicated diaphragm 113
arranged to pressurize coolant supplied to the cooling circuit from the
expansion tank 110 during at least one predetermined operating mode of the
engine. The expansion tank 110 is closed to the ambient atmosphere during
all normal engine operation modes. One such operating mode can be a cold
start of the engine. Pre-pressurizing the coolant supplied to the coolant pump

-reduces the risk of cavitation in said pump, due to a relatively low pressure in

the suction conduit when the engine is started.

The diaphragm 113 is supplied with a pressurized fluid from an external
source of pressure. In this example, the external source of pressure is a

brake compressor 114 in the vehicle, but compressed air may be sourced
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from any suitable compressed air tank or compressor adjacent the engine or
on a vehicle on which the engine is mounted.

The cooling system pressure is controlled by a pressure actuated 3-way
valve 115 connected between the compressor 114 and the diaphragm 113.

During start-up of the engine the valve 115 is arranged in an open position, in
order to pressurize the diaphragm 113 in the expansion tank 110 to a
predetermined pressure using pressure supplied from the compressor 114.
The valve 115 is maintained in a first open position as long as the pressure in
the expansion tank 110 is less than a predetermined pressure setting for the
valve 115. The pressure setting for the valve 115 can be a substantially fixed
pressure or a range comprising an upper and a lower limit at which limits the
valve 115 is arranged to switch. When the pressure in the cooling circuit and
the expansion tank 110 is increased to reach the set pressure for the valve
115, the valve 115 will move to a closed position in order to maintain the
current pressure in the diaphragm 113. During normal operation of the
engine after start-up, the valve 115 is controlled by the pressure in the
expansion tank 110 via a pilot conduit 116 that allows the pressure in the
diaphragm to act on one end of the valve 115. As long as the pressure in the
cooling circuit is within a predetermined pressure range, the valve 115 is
closed to maintain a predetermined pressure in the expansion tank 110.

If a pressure spike, higher than the desired set pressure, should occur in the
cooling circuit, an increased pressure can reach the expansion tank 110
through the supply conduit 111 or through the conduits connecting the
radiator 104 and the thermostat 105 to the expansion tank 110. The
increased pressure in the expansion tank 110 acts on the diaphragm 113,
which causes an increase of the pressure in the pilot conduit 116. The valve
115 is then moved to a second open position to release pressure from the
diaphragm 113 to the ambient atmosphere, at 117. Should the cooling circuit
experience a pressure cycling relative to the pre-set pressure for the valve,
the valve 115 is used to counteract this condition. During each pressure drop
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the valve 115 is moved to the first open position to supply pressure to the
diaphragm 113, while a subsequent increase in pressure causes the valve
115 to be moved to the second open position to release pressure from the
diaphragm 113.

The expansion tank 110 is further provided with a safety valve 118. The
safety valve 118 is set to release a relatively high excess pressure to the
atmosphere. The safety valve 18 release pressure is preferably set at a level
that will maintain the cooling system in a closed state during all normal
operating conditions. The safety valve 118 should only open when there is a
risk of damaging components in the cooling system. The safety valve 118 is
a pressure controlled 2-way valve. The safety valve 118 is connected to an
upper section of the expansion tank and is normally maintained in a closed
position, as shown in Figure 1. At a predetermined set pressure in a pilot
conduit 119 acting on one end of the safety valve 118, the safety valve is
opened to release excess pressure from the expansion tank 110. Figure 2
shows a pressurized cooling system according to an alternative first
embodiment of the invention. As in the embodiment of Figure 1, the engine
cooling system comprises a cooling circuit 201 with a coolant pump 202 for
supplying an engine 203 with a coolant and for circulating the coolant in the
cooling circuit 201. A radiator 204 is provided for cooling said coolant
downstream of the engine 203. In the cooling circuit, the pump 202 will
supply coolant to the engine 203, wherein the coolant is heated. Heated
coolant will pass through a thermostat 205 which, depending on the
temperature of the coolant, will direct the coolant directly back to the pump
202 through a first conduit 206, or indirectly via the radiator 204 through a
second conduit 207. The radiator 204 is arranged to reduce the temperature
of the coolant to a desired level, which temperature reduction is assisted by a
cooling fan 208. The cooling system can also be arranged to cool a charge
air cooler (not shown) located adjacent the radiator 204. A deaeration
chamber 220 is connected to the cooling circuit 201 via a supply conduit 211
connected to a third conduit 212 connecting the outlet of the radiator 204 and
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the coolant pump 202. The third conduit 212 is also referred to as the suction
conduit. The deaeration chamber 220 and the supply conduit 211 provide a
static filling means for the cooling circuit, wherein fluctuation in coolant
volume is taken up by the deaeration chamber 220 and an expansion tank
210. The supply conduit 211 is connected to the expansion tank 210 adjacent
the bottom thereof. In this example the deaeration chamber 220 is placed on
or adjacent the upper part of the radiator 204 and is in fluid connection with
both the radiator 204 and the thermostat 205. The expansion tank 210 is
mounted at a suitable location on the vehicle chassis (not shown). The
deaeration chamber 220 allows gas bubbles may be removed from the
coolant and is also provided with a filler cap to allow refilling of coolant. The
deaeration chamber 220 and an expansion tank 210 are connected by a
fourth conduit 221 that allows excess pressure to escape from the cooling
circuit 201 and the deaeration chamber 220 to the expansion tank 210. The
fourth conduit 221 is connected to the deaeration chamber 220 at a position
that is normally over the coolant level. On the other hand, the fourth conduit
221 is connected to the expansion tank 210 at a position that is normally
below the coolant level. The cooling system is pressurized by a pressure
regulating means comprising a schematically indicated diaphragm 213
arranged to pressurize coolant supplied to the cooling circuit 201 from the
expansion tank 210 during at least one predetermined operating mode of the
engine. The expansion tank 210 is closed to the ambient atmosphere during
all normal engine operation modes. One such operating mode can be a cold
start of the engine. Pre-pressurizing the coolant supplied to the coolant pump
reduces the risk of cavitation in said pump, due to a relatively low pressure in
the suction conduit 212 when the engine 203 is started.

The diaphragm 213 is supplied with a pressurized fluid from an external
source of pressure. In this example, the external source of pressure is a
brake compressor 214 in the vehicle, but compressed air may be sourced
from any suitable compressed air tank or compressor adjacent the engine or

on a vehicle on which the engine is mounted.
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The cooling system pressure is controlled by a pressure actuated 3-way
valve 215 connected between the compressor 214 and the diaphragm 213.

During start-up of the engine the valve 215 is arranged in an open position, in
order to pressurize the diaphragm 213 in the expansion tank 210 tfo a
predetermined pressure using pressure supplied from the compressor 214.
The valve 215 is maintained in a first open position as long as the pressure in
the expansion tank 210 is less than a predetermined pressure setting for the
valve 215. The pressure setting for the valve 215 can be a substantially fixed
pressure or a range comprising an upper and a lower limit at which limits the
valve 215 is arranged to switch. When the pressure in the cooling circuit and
the expansion tank 210 is increased to reach the set pressure for the valve
215, the valve 215 will move to a closed position in order o maintain the
current pressure in the diaphragm 213. During normal operation of the
engine after start-up, the valve 215 is controlled by the pressure in the
expansion tank 210 via a pilot conduit 216 that allows the pressure in the
diaphragm to act on one end of the valve 215. As long as the pressure in the
cooling circuit is within a predetermined pressure range, the valve 215 is
closed to maintain a predetermined pressure in the expansion tank 210.

If a pressure spike, higher than the desired set pressure, should occur in the
cooling circuit, an increased pressure can escape through the supply conduit
211 or through the conduits connecting the radiator 204 and the thermostat
205, via the deaeration chamber 220 and the fourth conduit 221 and into the
expansion tank 210. The increased pressure in the expansion tank 210 acts
on the diaphragm 213, which causes an increase of the pressure in the pilot
conduit 216. The valve 215 is then moved to a second open position {o
release pressure from the diaphragm 213 to the ambient atmosphere, at 217.
Should the cooling circuit experience a pressure cycling relative to the pre-
set pressure for the valve, the valve 215 is used to counteract this condition.
During each pressure drop the valve 215 is moved to the first open position

to supply pressure to the diaphragm 213, while a subsequent increase in
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pressure causes the valve 215 to be moved to the second open position to

release pressure from the diaphragm 213.

The expansion tank 210 is further provided with a safety valve 218. The
safety valve 218 is set to release a relatively high excess pressure to the
atmosphere. The safety valve 28 release pressure is preferably set at a level
that will maintain the cooling system in a closed state during all nhormal
operating conditions. The safety valve 218 should only open when there is a
risk of damaging components in the cooling system. The safety valve 218 is
a pressure controlled 2-way valve. The safety valve 218 is connected to an
upper section of the expansion tank and is normally maintained in a closed
position, as shown in Figure 2. At a predetermined set pressure in a pilot

“conduit 219 acting on one end of the safety valve 218, the safety valve is

opened to release excess pressure from the expansion tank 210. Figure 3
shows a pressurized cooling system according to a second embodiment of
the invention. As in the embodiment of Figure 2, the engine cooling system
comprises a cooling circuit 301 with a coolant pump 302 for supplying an
engine 303 with a coolant and for circulating the coolant in the cooling circuit
301. A radiator 304 is provided for cooling said coolant downstream of the
engine 303. In the cooling circuit, the pump 302 will supply coolant to the
engine 303, wherein the coolant is heated. Heated coolant will pass through
a thermostat 305 which, depending on the temperature of the coolant, will
direct the coolant directly back to the pump 302 through a first conduit 306, or
indirectly via the radiator 304 through a second conduit 307. The radiator 304
is arranged to reduce the temperature of the coolant to a desired level, which
temperature reduction is assisted by a cooling fan 308. The cooling system
can also be arranged to cool a charge air cooler (not shown) located adjacent
the radiator 304. A deaeration chamber 320 is connected to the cooling
circuit 301 via a supply conduit 311 connected to a third conduit 312
connecting the outlet of the radiator 304 and the coolant pump 302. The third
conduit 312 is also referred to as the suction conduit. The deaeration

chamber 320 and the supply conduit 311 provide a static filling means for the
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cooling circuit, wherein fluctuation in coolant volume is taken up by the
deaeration chamber 320 and an expansion tank 310. The supply conduit 311
is connected to the expansion tank 310 adjacent the bottom thereof. In this
example the deaeration chamber 320 is placed on or adjacent the upper part
of the radiator 304 and is in fluid connection with both the radiator 304 and
the thermostat 305. The expansion tank 310 is mounted at a suitable location
on the vehicle chassis (not shown). The deaeration chamber 320 allows gas
bubbles may be removed from the coolant and is also provided with a filler
cap to allow refilling of coolant. The deaeration chamber 320 and an
expansion tank 310 are connected by a fourth conduit 321 that allows excess
pressure to escape from the cooling circuit 301 and the deaeration chamber
320 to the expansion tank 310. The fourth conduit 321 is connected to the
expansion tank 310 and the deaeration chamber 320 at a position that is
normally over the coolant level in the respective tank and chamber. The
fourth conduit 321 is further provided with a controllable valve 322. In this
example, the controllable valve 322 is a pressure controlled 2-way valve. The
valve 322 is spring loaded towards a closed position and is opened at a
predetermined set pressure to release excess pressure from the deaeration
chamber 320 to the expansion tank 310. Excess pressure from the
deaeration chamber 320 will act on one end of the valve 322 via a pilot
conduit 323 in order to open the valve 322. The expansion tank 310 is closed
to the ambient atmosphere during all normal engine operation modes. The
expansion tank 310 can be provided with a safety valve 318. The safety
valve 318 is then set to release a relatively high excess pressure fo the
atmosphere. The safety valve 318 release pressure is preferably set at a
level that will maintain the cooling system in a closed state during all normal
operating conditions. The safety valve 318 should only open when there is a
risk of damaging components in the cooling system. The safety valve 318
may be a pressure controlled 2-way valve. The safety valve 318 is connected
to the expansion tank and is normally maintained in a closed position, as

shown in Figure 3. At a predetermined set pressure in a pilot conduit 319
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acting on one end of the safety valve 318, the safety valve is opened to
release excess pressure from the expansion tank 310.

In the example shown in Figure 3 the cooling system is continuously
pressurized by the second coolant pump 324, which is arranged to
pressurize coolant supplied to the suction conduit 312 of the cooling circuit
301 from the expansion tank 310 during all normal operating modes of the
engine. The second coolant pump 324 is arranged in a second supply
conduit 325 connecting the expansion tank 310 to the first supply conduit 311
and the suction conduit 312 for the first coolant pump 302.

The system pressure is controlled by the valve 322 using a signal from a
pressure sensor (not shown) located at a suitable position in the cooling
circuit, such as immediately upstream of the first coolant pump 302. The
valve 322 can also be controlled by the pressure in the deaeration chamber
320. When the pressure in the main cooling circuit 301 reaches the set
pressure the pre-pressurizing coolant purﬁp 324 can be deactivated, where
after the first coolant pump 302 will maintain this pressure. During normal
operation of the engine 303 after start-up, the second coolant pump 324 is
controlled by a sensed pressure in the suction conduit 312 to assist the first
coolant pump 302 in maintaining a predetermined pressure in the cooling
circuit. If a pressure spike, higher than the desired set pressure, should occur
in the cooling circuit, the increased pressure may act on the controllable
valve 322 to move it to an open position. Excess pressure will then be
released from the deaeration chamber 320 to the expansion tank 310.
Should the cooling circuit 301 experience a pressure cycling relative to the
predetermined pressure for the cooling circuit 301, the pre-pressurizing
second coolant pump 324 may be used to assist the first coolant pump 302 in
counteracting this condition. During each pressure drop the pre-pressurizing
second coolant pump 324 is, if required, actuated to supply pressure to the

suction conduit 312, while a subsequent increase in pressure will cause the
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controllable valve 322 to be moved to its open position to release pressure to

the expansion tank 310.

The invention is not limited to the above embodiments, but may be varied

freely within the scope of the appended claims.
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CLAIMS

1. Engine cooling system with a cooling circuit (101, 201, 301) comprising a
coolant pump (102, 202, 302) for supplying an engine with a coolant and for
circulating the coolant in the cooling circuit, and at least one heat exchanger
(104, 204, 304) for cooling said coolant downstream of the engine, wherein
an expansion tank (110, 210, 310) is connected to the cooling circuit (101,
201, 301) upstream of the coolant pump (102, 202, 302),
characterized in that the cooling system is pressurized by a
pressure regulating means (113, 324) arranged to pressurize coolant
supplied to the cooling circuit (101, 201, 301) from the expansion tank (110,
210, 310) during at least one predetermined operating mode of the engine
and that the expansion tank (110, 210, 310) is closed to the ambient
atmosphere during all normal engine operation modes.

2. Engine cooling system according to claim 1, characterized in
that the pressure regulating means (113, 213) is located in the expansion
tank (110, 210).

3. Engine cooling system according to claim 2, characterized in
that the pressure regulating means (113, 213) is arranged to displace the

coolant in the expansion tank.

4. Engine cooling system according to claim 3, characterized.in
that the pressure regulating means (113, 213) is supplied with a pressurized

fluid from an external source of pressure.

5. Engine cooling system according to claim 4, characterized in
that the pressurized fluid is contained in a volume separated from the

coolant.

6. Engine cooling system according to claim 5, characterized in

that the pressure regulating means (113, 213) is a diaphragm.
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7. Engine cooling system according to claim 4, characterized in
that the cooling system further comprises a deaeration chamber (220)
located upstream of the coolant pump (202).

8. Engine cooling system according to claim 7, characterized in
that the expansion tank (210) is connected to the deaeration chamber (220).

9. Engine cooling system according to claim 2, characterized in
that the pressure regulating means (113, 213) is connected to a source of
fluid pressure via a controllable valve (115, 215).

10. Engine cooling system according to claim 9, characterized in
that the coolant and the fluid from said source of fluid pressure are
maintained in a non-contacting relationship.

11. Engine cooling system according to claim 9, characterized in
that the valve (115, 215) is a pressure controlled valve.

12. Engine cooling system according to claim 11, characterized in
that the valve (115, 215) is controlled by the pressure in the expansion tank
(110, 210).

13. Engine cooling system according to claim 9, characterized in
that the valve (115, 215) is controllable to pressurize the expansion tank

(110, 210) to a predetermined pressure during start-up of the engine.

14. Engine cooling system according to claim 9, characterized in
that the valve (115, 215) is controllable to maintain a predetermined pressure
in the expansion tank (110, 210) during normal operation of the engine.

15. Engine cooling system according to claim 1, characterized in
that one operating mode is a start-up of the engine.
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16. Engine cooling system according to claim 1, characterized in
that the pressure regulating means (324) is located in a supply conduit
connecting the expansion tank (110) to the cooling circuit.

17. Engine cooling system according to claim 16, characterized in
that the cooling system further comprises a deaeration chamber located
upstream of the coolant pump.

18. Engine cooling system according to claim 17, characterized in
that the expansion tank (110) is connected to the deaeration chamber via a
controllable valve.

19. Engine cooling system according to claim 18, characterized in

that the valve is controlied by the pressure in the deaeration chamber.

20. Engine cooling system according to claim 18, characterized in
that the pressure regulating means (324) is a pump.

21. Engine'cooling system according to claim 18, characterized in
that the pressure regulating means (324) is an injector.

22. Engine cooling system according to any one of the above claims,
characterized in inthatthe volume of the expansion tank (110, 210,
310) is at least 10% of the total volume of the cooling system

23. Engine cooling system according to any one of claims 1-21,
characterized in inthatthe volume of the expansion tank (110, 210,
310) is up to 30% of the total volume of the cooling system

24. A vehicle comprising an engine cooling system according to any of claims
1-23.
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