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The vehicle temperature control system, especially adapted for use in a hybrid vehicle, makes possible an improved use of the
thermal energy provided in a vehicle. The present vehicle temperature control system includes first (12) and second (14) heat

transfer medium circuits. The first heat transfer medium

circuit (12) includes a heater (18) having a heater heat exchange unit (22)

and a first heat transfer medium circuit valve array (28) for releasing/blocking the internal combustion engine (16) for/against the
flow of the first heat transfer medium. The first heat transfer medium can flow through at least one of the heat transfer medium
circuit heat exchanger unit (58) and the heater heat exchanger unit (22) of the heater (18) regardless of a switching position of the

first heat transfer medium circuit valve array (28).
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Abstract

The vehicle temperature control system, especially adapted for use in a hybrid vehicle,
makes possible an improved use of the thermal energy provided in a vehicle. The present
5 vehicle temperature control system includes first (12) and second (14) heat transfer
medium circuits. The first heat transfer medium circuit (12) includes a heater (18) having
a heater heat exchange unit (22) and a first heat transfer medium circuit valve array (28)
for releasing/blocking the internal combustion engine (16) for/against the flow of the first
heat transfer medium. The first heat transfer medium can flow through at least one of the
10 heat transfer medium circuit heat exchanger unit (58) and the heater heat exchanger unit
(22) of the heater (18) regardless of a switching position of the first heat transfer medium

circuit valve array (28).
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Vehicle Temperature Control System

Specification

The present invention pertains to a vehicle temperature control system which can be used especially

in hybrid vehicles, for example, plug-in hybrid vehicles.

In hybrid vehicles, the vehicle battery used for operating an electric drive motor has a high load
especially in the electric drive state due to the electric drive motor, on the one hand, and due to
other consumers of electric energy, for example, the power electronics, on the other hand. Further,
in such vehicle batteries, which are configured, for example, as lithium ion batteries, it is required
that these [batteries] shall operate in a temperature window that is optimal for the operation thereof
in order to be able to ensure a sufficient supply to the consumers of electric energy, on the one hand,
and also to be able to guarantee that the battery can be recharged during the charging operation, on

the other hand.

The object of the present invention is to provide a vehicle temperature control system, especially for
a hybrid vehicle, which makes possible an improved use of the thermal energy provided in a

vehicle.

According to the present invention, this object is accomplished by a vehicle temperature control

system, especially for a hybrid vehicle, comprising:

- a first heat transfer medium circuit with an internal combustion engine, with a heater and
with at least one heat transfer area, preferably with a plurality of heat transfer areas for the
transfer of heat between a first heat transfer medium circulating in the first heat transfer

medium circuit and a first group of system areas to be thermally treated,

- asecond heat transfer medium circuit with at least one heat transfer area, preferably with a

plurality of heat transfer areas for the transfer of heat between a second heat transfer
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medium circulating in the second heat transfer medium circuit and a second group of system

areas to be thermally treated, and

- a heat transfer medium circuit heat exchanger unit for the transfer of heat between the first
heat transfer medium circulating in the first heat transfer medium circuit and the second heat

transfer medium circulating in the second heat transfer medium circuit.

The vehicle temperature control system configured according to the present invention comprises
heat transfer medium circuits, which are, in principle, coupled to one another for the exchange of
heat, but are actually associated with different system areas of a vehicle. Thus, for example, the
first heat transfer medium circuit may essentially be associated with an internal combustion engine
or with the system areas associated with an internal combustion engine to thermally treat these
system areas in a suitable manner, while the second heat transfer medium circuit may be essentially
associated with the systems areas of a vehicle provided for an electric drive operation. Due to the
possibility of exchanging heat energy between these two heat transfer medium circuits, the excess
thermal energy present in one of the circuits may be transferred to the other circuit in order to heat
this circuit or these system areas associated with this circuit. Thus, it is possible to the greatest
possible extent to avoid that thermal energy generated in a vehicle is emitted outwards as heat due

to energy losses.

In order to be able to use the internal combustion engine as a heat source or a heat sink as a function
of the thermal conditions, it is proposed that the first heat transfer medium circuit comprise a first
heat transfer medium circuit valve array to release/block the internal combustion engine for/against

the flow of the first heat transfer medium.

According to an especially advantageous aspect, provisions may be made for the first heat transfer
medium to be able to flow through the heat transfer medium circuit heat exchanger unit or/and a
heater heat exchanger unit of the heater regardless of the switching position of the first heat transfer
medium circuit valve array. It is thus guaranteed that, regardless of whether system areas associated

with the first heat transfer medium circuit are to be thermally treated, a thermal interaction with the

CA 3002855 2018-04-24



10

15

20

25

30

heater, on the one hand, and the other heat transfer medium circuit, on the other hand, is made

possible.

[n order to be able to heat the system areas associated with the first heat transfer medium circuit in a
suitable manner or possibly to dissipate heat from these [system areas], it is proposed that the first
heat transfer medium circuit comprise a system area heat exchanger unit in association with at least
one system area, preferably with each system area of the first group of system areas for the transfer

of heat between the system area and the first heat transfer medium.

In this connection, a thermal treatment of individual system areas independent of other system areas
can be guaranteed by the first heat transfer medium circuit comprising a system area valve array in
association with at least one system area, preferably with each system area of the first group of
system areas for releasing/blocking the system area heat exchanger unit for/against the flow of the

first heat transfer medium.

The first group of system areas may comprise one or more of the system areas indicated below:

- the internal combustion engine oil provided in the internal combustion engine,

- the transmission fluid provided in a transmission associated with the internal combustion
engine,

- the interior of a vehicle.

The internal combustion engine may comprise a heat transfer medium jacket through which the first
heat transfer medium can flow, wherein a first cooler heat exchanger unit is associated with the
internal combustion engine for the emission of heat from the first heat transfer medium flowing

through the heat transfer medium jacket.

The second group of system areas may comprise one or more of the system areas indicated below:
- avchicle battery,
- a battery charger,

- vehicle electronics.
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While the first group of system areas essentially comprises system areas that are in connection with
the internal combustion engine and are thermally treated by the heat generated in the internal
combustion engine in conventional vehicles as well, the second group of system areas essentially

comprises system areas that are used or are necessary primarily for the electric driving of a vehicle.

It should be noted that in the sense of the present invention a group of system areas may comprise a

single system area or a plurality of system areas.

According to an especially advantageous aspect, it is proposed that the second heat transfer medium
in the second heat transfer medium circuit can flow in series through the heat transfer medium
circuit heat exchanger unit and the vehicle battery or/and vehicle electronics, or/and that in the
second heat transfer medium circuit, the second heat transfer medium can flow parallel through the
heat transfer medium circuit heat exchanger unit and the battery charger. Due to the parallel
flowability through the heat transfer medium circuit heat exchanger unit and the battery charger, it
is guaranteed that the heat energy in the area of the heat transfer medium circuit heat exchanger unit
to the second heat transfer medium is essentially not used to heat the battery charger because the
battery charger is a thermally essentially noncritical assembly unit and does not have to be

thermally treated for suitable operation.

It should be noted that when it is stated that a heat transfer medium can flow through a system area,
for example, the vehicle battery, this system area comprises a heat exchanger unit through which the
heat transfer medium can flow, in which, for example, heat can be absorbed from the heat transfer
medium and then be transferred to the areas to be thermally treated during the operation of a
respective system area or can be transferred from these areas to the heat transfer medium flowing

through the respective associated heat exchanger unit.

In order to be able to use the heat transfer medium circuit heat exchanger unit for the transfer of
heat or to block this heat transfer medium circuit heat exchanger unit against a transfer of heat, it is
proposed that the second heat transfer medium circuit comprise a second heat transfer medium
circuit valve array for releasing/blocking the heat transfer medium circuit heat exchanger unit

for/against the flow of the second heat transfer medium. Thus, no structural changes need to be
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made in the area of the first heat transfer medium circuit to activate or to deactivate the heat transfer

medium circuit heat exchanger unit.

The second heat transfer medium may be able to flow in series through the heat transfer medium
circuit heat exchanger unit and the second heat transfer medium circuit valve array and parallel

together in relation to the battery charger.

Since heat can be generated during the electric drive operation in the area of the system areas used
[for] this operation and this heat has to be dissipated as a function of the ambient conditions in order
to avoid overheating, it is proposed that the second heat transfer medium circuit comprise a second
cooler heat exchanger unit for the emission of heat from the second heat transfer medium

circulating in the second heat transfer medium circuit.

For this, a cooler valve array may be associated with the second cooler heat exchanger unit for
releasing/blocking the second cooler heat exchanger unit for/against the flow of the second heat

transfer medium.

In order to be able to generate a circulation of the heat transfer medium provided there in the two
respective heat transfer medium circuits, each heat transfer medium circuit may comprise at least

one heat transfer medium pump.

According to another especially advantageous aspect of the present invention, there is no heat
transfer medium exchange connection between the first heat wransfer medium circuit and the second
heat transfer medium circuit. It is thus guaranteed that a thermal interaction leading to an excessive

heating or cooling between the two heat transfer medium circuits cannot occur.

The heater may be a fuel-operated heater. This guarantees that even when the vehicle battery is
loaded, for example, during the electric drive operation, heat especially for heating the interior of a
vehicle may be provided and the vehicle battery is not additionally loaded for this, so that the range

during the electric drive operation can be increased.
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The present invention is described in detail below with reference to the attached Figure 1, which

shows a vehicle temperature control system in a schematic diagram.

A vehicle temperature control system is generally designated by 10 in Figure 1. The vehicle
temperature control system 10 comprises two heat transfer medium circuits 12, 14, which are or can
be brought into thermal interaction with one another, but between which there is no heat transfer
medium exchange connection. The first heat transfer medium circulating in the first heat transfer
medium circuit 12 cannot reach the second heat transfer medium circuit 14, while the second heat
transfer medium circulating in the second heat transfer medium circuit 14 cannot reach the first heat
transfer medium circuit. Nevertheless, the same, preferably liquid medium, for example, essentially

water, can be used for the first heat transfer medium and the second heat transfer medium.

The first heat transfer medium circuit 12 comprises as essential components an internal combustion
engine 16 which can be used as a drive unit for a vehicle as well as a preferably fuel-operated heater
18 with a burner area 20 and with a heater heat exchanger unit 22. The first heat transfer medium
circulating in the first heat transfer medium circuit 12 can flow through a heat transfer medium

jacket of the internal combustion engine 16 and the heater heat exchanger unit 22.

A first cooler heat exchanger unit 24 is associated with the internal combustion engine 16. The first
cooler heat exchanger unit 24 can be released for flow by means of a thermostat unit 26, so that, for
example, in a state, in which the first heat transfer medium has a sufficiently high temperature or
shall not be further heated, excess heat can be emitted to the surrounding area. Because the supply
of additional energy into the first heat transfer medium is not necessary in this state, the heater 18 is
not operated, so that the first heat transfer medium flows through the heater heat exchanger unit 22

without absorbing heat there.

The first heat transfer medium circuit 12 further comprises a first heat transfer medium circuit valve
array 28. The internal combustion engine 16 can be released for the flow of the first heat transfer
medium by means of this first heat transfer medium circuit valve array 28 as a function of the
switching position thereof, as this is the case in the switching position shown in Figure 1, or it can

be blocked against flow, so that the heat transfer medium circulating in the first heat transfer
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medium circuit 12 does not flow through the internal combustion engine, but through the heater
heat exchanger unit 22 due to the feed action of a heat transfer medium 30 [there should not be a

period at the end of "Wirmetrdgermedium" on l. 11, p. § — Tr.Ed.].

The first heat transfer medium circuit 12 further comprises a plurality of system area heat exchanger
units 32, 34 36, which are connected or can be connected parallel to one another, and system area
valve arrays 38, 40, 42 associated with each of these [system area heat exchanger units]. The
system area heat exchanger units 32, 34, 36 associated with cach of the system area valve arrays 38,

40, 42 can be released or blocked for/against flow by the system area valve arrays 38, 40, 42.

The system area heat exchanger units 32, 34, 36 are each associated with different system areas of a
first group of system areas, wherein the first group of system areas is characterized in that the
system areas thereof can be heated directly by the first heat transfer medium circulating in the first
heat transfer medium circuit 12 or heat can be transferred to this [heat transfer medium]. Thus, for
example, the system area heat exchanger unit 32 may be provided to establish a thermal interaction
with the internal combustion engine oil of the internal combustion engine 16 to be considered as
such a system area of the first group. For this, for example, the system area heat exchanger unit 32
can be arranged in the area of an oil pan of the internal combustion engine 16 or can be connected
via corresponding wired connections to the internal combustion engine 16 in order to transfer heat
from the internal combustion engine oil to the first heat transfer medium, or vice versa. The system
area heat exchanger unit 34 may be provided in association with the transmission fluid of a
transmission associated with the internal combustion engine 16, which [transmission fluid] is to be
considered as another system area of the first group of system areas in order to transfer heat from
the transmission fluid into the first heat transfer medium, or vice versa, as a function of the thermal
conditions. The system area heat exchanger unit 36 may be provided to heat air to be introduced
into a vehicle interior to be considered as another system area of the first group of system areas.

For this, this air fed by a blower can flow around the system area heat exchanger unit 36.

Depending on the thermal conditions, it is thus possible to transfer heat to the different system areas

or to absorb heat from these [system areas] and to transfer it to one or more other system areas or to
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heat one or more of these system areas, as well as the internal combustion engine 16 itself, by the

heater 18.

The second heat transfer medium circuit 14 comprises, for example, one or more vehicle batteries
46, for example, lithium ion batteries, a vehicle electronics 48 or a part of the vehicle electronics 48,
especially power electronics, as well as a battery charger 50, via which the vehicle battery 46 can be
charged, for example, from a stationary power grid, through which the second heat transfer medium
can flow in series. Further, the second heat transfer medium circuit 14 comprises a second cooler
heat exchanger unit 52, which can be released for the flow of the second heat transfer medium fed
by means of a heat transfer medium pump 56 or be blocked against flow. The heat generated during
the loading of the different system areas provided especially for the electric drive operation of a
vehicle can thus be emitted to the surrounding area, if needed, via the second cooler heat exchanger
unit 52, provided there is a risk of an excess heating of these system areas. It should be noted here
that for a thermal interaction with the second heat transfer medium circulating in the second heat
transfer medium circuit, the system areas of a second group of system areas, which are associated
with the second heat transfer medium circuit, i.e., for example, the vehicle battery 46, the vehicle
electronics 48 as well as the battery charger 50, may have heat exchanger units 47, 49, 51 through

each of which the second heat transfer medium can flow.

A heat transfer medium circuit heat exchanger unit 58 is provided to thermally couple the two heat
transfer medium circuits 12, 14 to one another. Both the first-heat transfer medium and the second
heat transfer medium can flow through this [heat transfer medium circuit heat exchanger unit], so
that heat from the hotter heat transfer medium can be transferred to the colder heat transfer medium.
In this case, the heat transfer medium circuit heat exchanger unit 58 in association with the first heat
transfer medium circuit 12 is arranged in series to the heater heat exchanger unit 22 and, regardless
of the switching state of the first heat transfer medium circuit valve array 28, the first heat transfer
medium can flow through this [heater heat exchanger unit] as well. In association with the second
heat transfer medium circuit 14, the heat transfer medium circuit heat exchanger unit 58 is arranged
in series to the vehicle battery 46 and the vehicle electronics 48 and is arranged parallel to the

charger 50 together with a second heat transfer medium circuit valve array 60.
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If the second heat transfer medium circuit valve array 60 is in its switching state shown in Figure 1,
in which it releases the heat transfer medium circuit heat exchanger unit 58 for flow, the second
heat transfer medium circulates through the heat transfer medium circuit heat exchanger unit 58, the
vehicle battery 46 and the vehicle electronics 48. In this state, the second heat transfer medium may
absorb heat from the first heat transfer medium in the heat transfer medium circuit heat exchanger
unit 58 and transfer it to the system areas or some of the system areas of the second group of system
areas and thus heat these [system areas]. If these system areas are sufficiently hot or if these shall
possibly be cooled, i.e., heat is dissipated by the heat transfer medium, then this may, for example,
take place via the second cooler heat exchanger unit 52 when the heat transfer medium circuit heat
exchanger unit 58 is blocked by the second heat transfer medium circuit valve array 60, or may be
transferred to the first heat transfer medium via the heat transfer medium circuit heat exchanger unit
58 released for flow by the second heat transfer medium circuit valve array 60, provided that this

excess heat can be used in the area of one of the system areas of the first group of system areas.

The vehicle temperature control system configured according to the present invention thus makes
possible a higher variability in the utilization of the heat generated in the area of a vehicle, but at the
same time ensures that the groups of system areas associated with the two heat transfer medium
circuits can be thermally treated in a suitable manner in each of the heat transfer medium circuits
even regardless of the other group. Thus, for example, the internal combustion engine 16 may
already be thermally treated, for example, by operating the heater 18 in the first heat transfer
medium circuit 12, when the heat transfer medium circuit heat exchanger unit 58 is blocked against
flow and the hybrid vehicle is operated in electric drive operation, in order to ensure that when a
transfer has to be made or shall be made from an electric drive operation into an internal
combustion engine drive operation, the internal combustion engine 16 or the internal combustion
engine oil and the transmission fluid are already sufficiently heated. The internal combustion
engine 16 can then be put into operation in a thermally treated state leading to a reduced emission of
harmful substances. On the other hand, system areas of the second group of system areas can be
sufficiently heated by heat provided, for example, by the internal combustion engine 16 or/and the
heater 18 in the area of the first heat transfer medium circuit 12, which can especially be used to
provide the battery temperature necessary for a suitable recovery of the vehicle battery 46 or to

reach this temperature faster.
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Claims

Vehicle temperature control system comprising:

a first heat transfer medium circuit (12) with an internal combustion engine
(16) and with at least one heat transfer area for the transfer of heat between a
first heat transfer medium circulating in the first heat transfer medium circuit

(12) and a first group of system areas to be thermally treated,

a second heat transfer medium circuit (14) with at least one heat transfer area
for the transfer of heat between a second heat transfer medium circulating in
the second heat transfer medium circuit and a second group of system areas

(46, 48, 50) to be thermally treated, and

a heat transfer medium circuit heat exchanger unit (58) for the transfer of heat
between the first heat transfer medium circulating in the first heat transfer
medium circuit (12) and the second heat transfer medium circulating in the
second heat transfer medium circuit (14), wherein there is no heat transfer
medium exchange connection between the first heat transfer medium circuit

(12) and the second heat transfer medium circuit (14),

wherein the first heat transfer medium circuit (12) comprises a heater (18) having a heater
heat exchange unit (22) and a first heat transfer medium circuit valve array (28)
for releasing/blocking the internal combustion engine (16) for/against the flow of

the first heat transfer medium, and

wherein the first heat transfer medium can flow through at least one of the heat transfer

medium circuit heat exchanger unit (58) and the heater heat exchanger unit (22) of

10
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the heater (18) regardless of a switching position of the first heat transfer medium

circuit valve array (28).

Vehicle temperature control system in accordance with claim 1, characterized in
that at lcast one of the first heat transfer medium circuit (12) and the second heat

transfer medium circuit (14) has a plurality of heat transfer areas.

Vehicle temperature control system in accordance with claim 1 or 2, characterized
in that the first heat transfer medium circuit (12) comprises a system area heat

exchanger unit (32, 34, 36) in association with at least one system area of the first
group of system areas for the transfer of heat between the system area and the first

heat transfer medium.

Vehicle temperature control system in accordance with claim 3, characterized in
that the first heat transfer medium circuit (12) comprises a system area heat
exchanger unit (32, 34, 36) in association with each system area of the first group

of system areas.

Vehicle temperature control system in accordance with claim 3 or 4, characterized
in that the first heat transfer medium circuit (12) comprises a system area valve
array (38, 40, 42) in association with at least one system arca, of the first group of
system areas for releasing/blocking the system area heat exchanger unit (32, 34,

36) for/against the flow of the first heat transfer medium.

Vehicle temperature control system in accordance with claim 5, characterized in
that the first heat transfer medium circuit (12) comprises a system area valve array
(38, 40, 42) in association with each system area of the first group of system

arcas.
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Vehicle temperature control system in accordance with any one of claims 1 to 6,

characterized in that the first group of system areas comprises one or more of the

system areas indicated below:

- the internal combustion engine oil provided in the internal combustion engine
(16),

- the transmission fluid provided in a transmission (44) associated with the
internal combustion engine (16), and

- the interior of a vehicle.

Vehicle temperature control system in accordance with any one of claims 1 to 7,
characterized in that the internal combustion engine (16) comprises a heat transfer
medium jacket through which the first heat transfer medium can flow, wherein a
first cooler heat exchanger unit (24) is associated with the internal combustion
engine for the emission of heat from the first heat transfer medium flowing

through the heat transfer medium jacket.

Vehicle temperature control system in accordance with any one of claims 1 to 8,
characterized in that the second group of system areas comprises one or more of
the system areas indicated below:

- avehicle battery (46),

- a battery charger (50), and

- vehicle electronics (48).

Vehicle temperature control system in accordance with claim 9, characterized in
that in the second heat transfer medium circuit (14), the second heat transfer
medium can flow in series through the heat transfer medium circuit heat
exchanger unit (58) and the vehicle battery (46) or/and vehicle electronics (48),

or/and that in the second heat transfer medium circuit (14), the second heat

12
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12.

13.

14.

transfer medium can flow parallel through the heat transfer medium circuit heat

exchanger unit (58) and the battery charger (50).

Vehicle temperature control system in accordance with any one of claims 1 to 10,
characterized in that the second heat transfer medium circuit (14) comprises a
second heat transfer medium circuit valve array (60) for releasing/blocking the
heat transfer medium circuit heat exchanger unit (58) for/against the flow of the

second heat transfer medium.

Vehicle temperature control system in accordance with claim 10, characterized in
that the second heat transfer medium circuit (14) comprises a second heat transfer
medium circuit valve array (60) for releasing/blocking the heat transfer medium
circuit heat exchanger unit (58) for/against the flow of the second heat transfer
medium, and that the second heat transfer medium flows in series through the heat
transfer medium circuit heat exchanger unit (58) and the second heat transfer
medium circuit valve array (60) and parallel together in relation to the battery

charger (50).

Vehicle temperature control system in accordance with any one of claims | to 12
characterized in that the second heat transfer medium circuit (14) comprises a
second cooler heat exchanger unit (52) for the emission of heat from the second

heat transfer medium circulating in the second heat transfer medium circuit (14).

Vehicle temperature control system in accordance with claim 13, characterized in
that a second cooler valve array (54) is associated with the second cooler heat
exchanger unit (52) for releasing/blocking the second cooler heat exchanger unit

(52) for/against the flow of the second heat transfer medium.

13
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15.  Vehicle temperature control system in accordance with any one of claims 1 to 14,
characterized in that each heat transfer medium circuit (12, 14) comprises at least

one heat transfer medium pump (30, 56).

5 16.  Vehicle temperature control system in accordance with any one of claims 1 to 15,

characterized in that the heater (18) is a fuel-operated heater (18).
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