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(57) Abstract: A cooling system comprising : - a cooling loop for cooling a combustion engine of a motor vehicle, - a first liquid
coolant pump (10) driven by the combustion engine and arranged in a first line (9) of the cooling loop, and - an electrically powered
second liquid coolant pump (12) arranged in a second line (13) of the cooling loop. The inlet and outlet of the second line are con -
nected to the first line at a first point (P1) and a second point (P2) of the first line, respectively. A non-return valve (20) is arranged
at said second point. Said non-return valve comprises a valve flap (21) that is pivotable between a first end position, in which the
valve flap covers the outlet of the second line, and a second end position, in which the valve flap extends across the first line. When
the first liquid coolant pump is in operation and the second liquid coolant pump is turned off, the valve tlap assumes the first end po -
sition t, and when the second liquid coolant pump is in operation and the first liquid coolant pump is turned oft, the valve flap as -
sumes the second end position t.



10

15

20

25

WO 2015/187079 PCT/SE2015/050609

Cooling arrangement

TECHNICAL FIELD OF THE INVENTION AND PRIOR ART

The present invention concerns a cooling system according to
the preamble to claim 1 for cooling a combustion engine of a
motor vehicle. The invention also concerns a motor vehicle

equipped with such a cooling system.

A combustion engine of a motor vehicle is normally cooled with
the help of liquid coolant that is circulated in a cooling loop
connected to the combustion engine, wherein a liquid coolant
pump driven by the combustion engine is coupled into the cooling
loop to circulate the liquid coolant. This mechanically driven
liquid coolant pump comprises a pump rotor which is connected
via a mechanical force transfer arrangement to a rotating shaft of
the combustion engine so as to be driven thereby. The pump
rotor will thus rotate at an rpm that is dependent upon the rpm of
the combustion engine, and the liquid coolant flow generated in
the cooling loop by the liquid coolant pump is thus dependent
upon the rpm of the combustion engine. A thermostat is normally
used to regulate the temperature of the circulating liquid coolant.

The thermostat controls, in dependence upon the temperature of
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the liquid coolant, the liquid coolant flowing from the combustion
engine to a liquid coolant radiator to be cooled therein before the
liquid coolant is returned to the combustion engine, or directly
back to the combustion engine without passing through the liquid
coolant radiator. The liquid coolant that flows through the liquid
coolant radiator is cooled by means of air that is blown by the
headwind against the liquid coolant radiator when the motor
vehicle is in motion. A fan can be activated in connection with
increased cooling power, e.g. in connection with heavy engine
load and high ambient temperature, in order to generate an

additionally robust airflow through the liquid coolant radiator.

During a cold start it is desirable to achieve rapid warming up of
the combustion engine in order to be able to meet applicable
requirements in terms of exhaust purification, and to minimize
fuel consumption. To achieve warming up of the combustion
engine as rapidly as possible during a cold start, it can be
desirable to reduce the Iliquid coolant flow through the
combustion engine so that the liquid coolant flow is lower than
the liquid coolant flow that is generated by the combustion
engine-driven liquid coolant pump. In addition, the combustion
engine-driven liquid coolant pump can generate a liquid coolant
flow that is unnecessarily high in relation to the cooling power
required in a warmed-up combustion engine under low engine
load. During a cold start and under low engine load, it can thus
be advantageous to maintain a liquid coolant flow that is lower
than the liquid coolant flow that is generated by the combustion

engine-driven liquid coolant pump.
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A cooling system according to the preamble to claim 1 is
previously known from US 8 196 553 B2. This known cooling
system comprises two different liquid coolant pumps for
circulating liquid coolant in a cooling loop that is connected to a
combustion engine. One of these liquid coolant pumps is a
combustion engine-driven liquid coolant pump that can be
disconnected from the combustion engine by means of a
connecting device, while the other liquid coolant pump is an
electrically powered liquid coolant pump. During a cold start and
under low engine load with low cooling demand, the former liquid
coolant pump can be disconnected from the combustion engine
at the same time as the electrically powered liquid coolant pump
is driven at an rpm suitable for generating a desired low liquid

coolant flow.

OBJECT OF THE INVENTION

The object of the present invention is to provide a cooling system
of the type described above with a new and advantageous

design.

SUMMARY OF THE INVENTION

Said object is achieved according to the present invention by
means of a cooling system exhibiting the features defined in

claim 1.

The cooling system according to the invention comprises:
- a cooling loop for cooling a combustion engine of a motor

vehicle by means of liquid coolant flowing in the cooling loop,
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- a first liquid coolant pump for circulating the liquid coolant in
the cooling loop, wherein said first liquid coolant pump is
arranged in a first line of the cooling loop, and arranged so as to
be driven by the combustion engine,

- a connecting device, by means of which the first liquid coolant
pump is disconnectable from the combustion engine, and

- a second liquid coolant pump for circulating the liquid coolant in
the cooling loop, wherein said second liquid coolant pump is
electrically powered and arranged in a second line of the cooling

loop.

Said second line exhibits an inlet that is connected to the first
line at a first point in the first line, and an outlet that is connected
to the first line at a second point in the first line downstream of
said first point. A non-return valve is arranged at said second
point, wherein said non-return valve comprises a pivotably
mounted valve flap that is pivotable between a first end position,
in which the valve flap is pivoted away from the first line and
covers the outlet of the second line so as to thereby prevent a
backflow of liquid coolant in the second line, and a second end
position, in which the valve flap is pivoted away from the outlet of
the second line and extends across the first line so as to thereby
prevent a backflow of liquid coolant in the section of the first line
extending between said first point and said second point. The
valve flap is arranged so as to assume said first end position
when liquid coolant is, under the action of the first liquid coolant
pump, flowing through said section of the first line at the same
time as the second liquid coolant pump is turned off, and to
assume said second end position when liquid coolant is, under

the action of the second liquid coolant pump, flowing through the
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second line at the same time as the first liquid coolant pump is

turned off.

With the solution according to the invention, one and the same
valve flap can be used in a first operating situation to prevent
backflow through the second line and, in a second operating
situation, to prevent backflow through a section of the first line,
without any active control of the valve flap by means of a control
device needing to be applied. The valve flap also enables
favorable flow conditions for the passage of the liquid coolant
past the area where the outlet of the second line connects to the
first line, both in an operating situation in which only the first
liquid coolant pump is in operation and in an operating situation

in which the second liquid coolant pump is in operation.

According to one embodiment of the invention, the first liquid
coolant pump is arranged in the section of the first line that
extends between said first point and said second point, and in
this case the two liquid coolant pumps are thus connected in
parallel with one another, and the valve flap will prevent the flow
of liquid coolant through the first liquid coolant pump when liquid
coolant is, under the action of the electrically powered second
liquid coolant pump, flowing through the second line at the same
time as the first liquid coolant pump is disconnected from the
combustion engine. As a result, the first liquid coolant pump will
not cause any pressure drop in the circulating liquid coolant
when said liquid coolant pump is taken out of operation, which
leads in turn to a reduction of the pump power output required

from the second liquid coolant pump to achieve a desired liquid
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coolant flow, and thus a reduction of the energy consumed to

drive the second liquid coolant pump.

Other advantageous features of the cooling system according to
the invention are presented in the non-independent claims, and

in the description below.

The invention also concerns a motor vehicle exhibiting the

features defined in claim 8.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in greater detail below with the
help of embodiments, and with reference to the accompanying

drawings, which show:

Fig. 1 a block diagram of a cooling system according to a first

embodiment of the present invention,

Fig. 2a a schematic illustration of a part of the cooling system
according to Fig. 1, with a valve flap in a non-return
involved comprised in the cooling system shown in a

first end position,

Fig. 2b a schematic illustration corresponding to Fig. 2a, but

with the valve flap shown in a second end position,
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Fig. 3 a schematic illustration of said non-return valve in

larger scale,

Fig. 4 a block diagram of a cooling system according to a

second embodiment of the invention, and

Fig. 5 a block diagram of a cooling system according to a

third embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE
INVENTION

Fig. 1 illustrates a cooling system 1 according to one
embodiment of the present invention. The cooling system 1
comprises a cooling loop 2 for cooling a combustion engine 3 of
a motor vehicle 4 by means of a liquid coolant flowing through
the cooling loop, preferably in the form of water with optional
freezing point-lowering additives such as, for example, glycol. A
liquid coolant radiator 5 is coupled into the cooling loop 2 to cool

said liquid coolant.

The cooling system 1 comprises a first liquid coolant pump 10 for
circulating the liquid coolant in the cooling loop 2, wherein said
first liquid coolant pump 10 is arranged in a first line 9 of the
cooling loop 2 and arranged so as to be driven by the combustion

engine 3 via a mechanical force-transfer arrangement 11. The
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first liquid coolant pump 10 is equipped with a pump rotor that is
connected to a rotating shaft of the combustion engine 3 via said
force-transfer arrangement 11 so as to enable the pump rotor to
be rotated under the action of said rotating shaft of the

combustion engine.

The cooling system 1 also comprises a second liquid coolant
pump 12 for circulating the liquid coolant in the cooling loop 2,
wherein said second liquid coolant pump 12 is electrically
powered and arranged in a second line 13 of the cooling loop.
The second liquid coolant pump 12 is equipped with a pump rotor
that is connected to an outgoing shaft of an electric motor to
enable the pump rotor to be rotated under the action of said
electric motor. The second line 13 exhibits an outlet 13a that is
connected to the first line 9 at a first point P1 of the first line and
an outlet 13b that is connected to the first line 9 at the second
point P2 of the first line downstream of said first point P1. The
liquid coolant circulating in the cooling loop 2 can be conducted
so as to bypass the second liquid coolant pump 12 via the
section 14 of the first line 9 that extends between points P1 and
P2.

A liquid coolant outlet 7b of the liquid coolant radiator 5 is
connected to a liquid coolant inlet 8a of the combustion engine 3
via said first line 9, and a liquid coolant outlet 8b of the
combustion engine 3 is connected to a liquid coolant inlet 7a of
the liquid coolant radiator 5 via a third line 15 of the cooling loop
2. Said third line 15 is connected to said first line 9 via a fourth
line 16 of the cooling loop. Said fourth line 16 is connected to the

first line 9 at a third point P3 in the first line upstream of said first
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and second points P1, P2 and arranged so as to enable liquid
coolant to be returned from the liquid coolant outlet 8b of the
combustion engine to the liquid coolant inlet 8a of the
combustion engine without the liquid coolant passing through the
liquid coolant radiator 5. The fourth line 16 thus constitutes a
bypass line, through which the liquid coolant circulating in the
cooling loop 2 can be conducted so as to bypass the liquid
coolant radiator 5 during its passage between the liquid coolant
outlet 8b and the liquid coolant inlet 8a of the combustion engine
3. The liquid coolant is circulated between the liquid coolant inlet
8a and the liquid coolant outlet 8b of the combustion engine 3
through liquid coolant ducts inside the combustion engine while

absorbing heat from the combustion engine.

A thermostat 17 is coupled into the third line 15. Said thermostat
17 is arranged so as to regulate the flow of liquid coolant to the
liquid coolant radiator 5 and to said fourth line 16 in dependence

upon the temperature of the liquid coolant.

The liquid coolant that flows through the liquid coolant radiator 5
is cooled by means of air that is blown by the headwind against
the liquid coolant radiator when the motor vehicle is in motion.
The cooling system 1 can also comprise a fan (not shown) that is
arranged so as to generate airflow through the liquid coolant
radiator 5 as needed. Said fan can be arranged so as to be
driven by an electric motor or connected to the combustion

engine 3 so as to driven thereby.
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The first liquid coolant pump 10 is disconnectable from the
combustion engine 3 by means of an electrically controlled

connecting device 18.

A non-return valve 20 is arranged at aforesaid second point P2.
Said non-return valve 20 comprises a pivotably mounted valve
flap 21 that is pivotable around a pivot axis 22 between a first
end position (see Fig. 2a), in which the valve flap 21 is pivoted
away from the first line 9 and covers the outlet 13b of the second
line 13 so as to thereby prevent a backflow of liquid coolant in
the second line 13, and a second end position (see Fig. 2b), in
which the valve flap 21 is pivoted away from the outlet 13b of the
second line 13 and extends across the first line 9 so as to
thereby prevent a backflow of liquid coolant in the section 14 of
the first line 9 that extends between said first point P1 and said
second point P2. In Fig. 3 the valve flap 21 is depicted using
solid lines in the second end position t, and using broken lines in
the first end position t. The valve flap 21 is arranged so as to
assume said first end position when liquid coolant is, under the
action of the first liquid coolant pump 10, flowing through said
section 14 of the first line 9 at the same time as the second liquid
coolant pump 12 is turned off, and so as to assume second end
position when liquid coolant is, under the action of the second
liquid coolant pump 12, flowing through the second line 13 at the
same time as the first liquid coolant pump 10 is disconnected
from the combustion engine 3 and is thus turned off. In a
situation in which both the liquid coolant pumps 10, 12 are in
operation, the valve flap 21 will assume a position somewhere

between the two end positions.
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In said first end position the valve flap 21 abuts against a first
shoulder 23 arranged at the outlet 13b of the second line 13 (see
Fig. 3), and in said second end position the valve flap 21 abuts

against a second shoulder 24 arranged in the first line 9.

The valve flap 21 is advantageously arranged so as to assume,
under the action of the force of gravity and/or the spring force of
a spring element 25 acting on the valve flap 21 (see Fig. 3), said
second end position when both the liquid coolant pumps 10, 12
are turned off and no liquid coolant is flowing through the first
and second lines 9, 13, whereupon the valve flap 21 is in such
case pivotable from said second end position in the direction
toward said first end position under the action of a liquid coolant
flow generated by the first liquid coolant pump 10 through said

section 14 of the first line 9.

As an alternative, the valve flap 21 could be arranged so as to
assume, under the action of the force of gravity and/or the spring
force of a spring element 25 acting on the valve flap 21, said first
end position when both the liquid coolant pumps 10, 12 are
turned off and no liquid coolant is flowing through the first and
second lines 9, 13, whereupon the valve flap 21 is in such case
pivotable from said first end position in the direction toward said
second end position under the action of a liquid coolant flow
generated by the second liquid coolant pump 12 through the

second line 13.

The connecting device 18 and the second liquid coolant pump 12
are controlled by means of an electronic control device 30 in

dependence upon a predetermined control algorithm, which can,
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among other things, be arranged so as to take into account the
engine load of the combustion engine 3 and the temperature of
the liquid coolant. During a cold start of the combustion engine 3
and under low engine load with low cooling demand of the
combustion engine 3, the electronic control device 30 is arranged
so as to place the connecting device 18 in disengagement
position, so that the first liquid coolant pump 10 is disengaged
from the combustion engine 3 and thereby inactivated, and so as
to simultaneously cause the second liquid coolant pump 12 to be
driven at an rpm suitable for generating a desired low flow of
liquid coolant in the cooling loop 2. The valve flap 21 will thus
automatically assume the aforesaid second end position t,
thereby preventing backflow into said section 14 of the first line
9. When the cooling demand of the combustion engine 3 is then
increased to a predetermined level, the electronic control device
30 is arranged so as to bring the connecting device 18 into
engagement position, so that the first liquid coolant pump 10 is
connected to the combustion engine 3 and thereby activated, and
so as to simultaneously inactivate the second liquid coolant
pump 12. The valve flap 21 will then automatically pivot from the
second end position t to the first end position t, thereby

preventing backflow into the second line 13.

The electronic connecting device 30 can be realized by means of
a single electronic control unit in the motor vehicle, as is
illustrated in Figs. 1, 4 and 5. However, the electronic control
device 30 could alternatively be realized by means of two or
more mutually interacting electronic control units in the motor

vehicle.
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In the embodiment illustrated in Fig. 1, the first liquid coolant
pump 10 is arranged in the section 14 of the first line 9 that
extends between said first and second points P1, P2. In this case
the first liquid coolant pump 10 and the second liquid coolant
pump 12 are connected in parallel with one another. However,
the first liquid coolant pump 10 could alternatively be arranged in
the first line 9 downstream of said second point P2, as is
illustrated in Fig. 4. As an alternative, the first liquid coolant
pump 10 could be arranged in the first line 9 upstream of said

first point P1, as is illustrated in Fig. 5.

As noted above, the electrically powered second liquid coolant
pump 12 can be used to maintain a low flow of liquid coolant in
the cooling loop 2 during a cold start or in connection with low
engine load. The second liquid coolant pump 12 could also be
used to:

- maintain a flow of liquid coolant in the cooling loop 2 after the
combustion engine 3 has been turned off,

- maintain a flow of liquid coolant in the cooling loop 2 in a
situation in which the first liquid coolant pump 10, which is driven
by the combustion engine 3, has ceased to function due to a
functional error, or

- be driven together with the first liquid coolant pump 10 in order
to generate a robust flow of liquid coolant in the cooling loop 2 in
a situation involving an extremely high engine load and extra
high cooling demand for the combustion engine 3, whereupon the
valve flap 21 assumes a position between the aforesaid end

positions.
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The cooling system according to the invention is intended, in
particular, to be used in a heavy motor vehicle such as a bus, a
tractor or a goods vehicle.

The invention is naturally not limited in any way to the
embodiments described above, but rather a number of potential
modifications thereof should be obvious to one skilled in the art,
without deviating as a result from the basic idea of the invention

as defined in the accompanying claims.
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CLAIMS

1. A cooling system for a motor vehicle comprising:
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- a cooling loop (2) for cooling a combustion engine (3) of the
motor vehicle by means of a liquid coolant flowing in the
cooling loop,

- a liquid coolant radiator (5) coupled into the cooling loop (2)
for cooling the liquid coolant,

- a first liquid coolant pump (10) for circulating the liquid
coolant in the cooling loop (2), wherein said first liquid coolant
pump (10) is arranged in a first line (9) of the cooling loop (2)
and arranged so as to be driven by the combustion engine (3),
- a connecting device (18), by means of which the first liquid
coolant pump (10) is disconnectable from the combustion
engine (3), and

- a second liquid coolant pump (12) for circulating the liquid
coolant in the cooling loop (2), wherein said second liquid
coolant pump (12) is powered electrically and arranged in a
second line (13) of the cooling loop (2), wherein said second
line (13) exhibits an inlet (13a) that is connected to the first
line (9) at a first point (P1) of the first line and an outlet (13b)
that is connected to the first line (9) at a second point (P2) of
the first line downstream of said first point (P1),

characterized in that:

- a non-return valve (20) is arranged at said second point (P2),
wherein said non-return valve (20) comprises a pivotably
mounted valve flap (21) that is pivotable between a first end
position, in which the valve flap (21) is pivoted away from the
first line (9) and covers the outlet (13b) of the second line (13)

so as to thereby prevent backflow of liquid coolant in the



10

15

20

25

30

WO 2015/187079 PCT/SE2015/050609

16

second line (13), and a second end position, in which the
valve flap (21) is pivoted away from the outlet (13b) of the
second line (13) and extends across the first line (9) so as to
thereby prevent a backflow of liquid coolant in a section (14)
of the first line (9) extending between said first point (P1) and
said second point (P2),
- the valve flap (21) is arranged so as to assume said first end
position when liquid coolant is, under the action of the first
liquid coolant pump (10), flowing through said section (14) of
the first line (9) at the same time as the second liquid coolant
pump (12) is turned off, and so as to assume said second end
position when liquid coolant is, under the action of the second
liquid coolant pump (12), flowing through the second line (13)
at the same time as the first liquid coolant pump (10) is turned
off, and
- in that the valve flap (21) is, under the action of the force of
gravity and/or the spring force of a spring element (25) acting
on the valve flap (21):
« arranged so as to assume said second end position when
both the liquid coolant pumps (10, 12) are turned off and no
liquid coolant is flowing through the first and second lines
(9, 13), wherein the valve flap (21) is pivotable from said
second end position in the direction toward said first end
position under the action of a liquid coolant flow generated
by the first liquid coolant pump (10) through said section
(14) of the first line (9), or
« arranged so as to assume said first end position when
both the liquid coolant pumps (10, 12) are turned off and no
liquid coolant is flowing through first and second lines (9,

13), wherein the valve flap (21) is pivotable from said first
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end position in the direction toward said second end
position under the action of a liquid coolant flow generated
by the second liquid coolant pump (12) through the second
line (13).

. A cooling system according to claim 1, characterized in that

the first liquid coolant pump (10) is arranged in said section
(14) of the first line (9).

. A cooling system according to claim 1, characterized in that

the first liquid coolant pump (10) is arranged in the first line

(9) downstream of said second point (P2).

. A cooling system according to claim 1, characterized in that

the first liquid coolant pump (10) is arranged in the first line

(9) upstream of said first point (P1).

. A cooling system according to any of claims 1-4,

characterized in_that said first line (9) is arranged so as to

connect a liquid coolant outlet (7b) of the liquid coolant
radiator (5) to a liquid coolant inlet (8a) of the combustion
engine (3).

. A motor vehicle comprising a combustion engine (3),

characterized in_that the motor vehicle (4) comprises a

cooling system (1) according to any of claims 1-5 for cooling
the combustion engine (3) and an electronic control device
(30) for controlling the connecting device (18) and the second

liquid coolant pump (12) of the cooling system (1).
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