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vehicle comprising an electrical motor for propelling the vehicle, com-
prising an air conditioning system which is arranged to heat one or more
heat requiring units, and/or to cool one or more cooling requiring units,
wherein at least one of the heat requiring unit(s) and the cooling requir -
ing unit(s) is an electrical device of the electrical vehicle.
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A THERMAL ENERGY ADMINISTRATION SYSTEM
FIELD OF THE INVENTION

The present invention relates to a thermal energy administration system for an
electrical vehicle or any vehicle comprising an electrical motor, such as an

electrical motor for propelling the vehicle.
BACKGROUND OF THE INVENTION

In electrical vehicles such as electric cars, battery preservation is essential to
the action range of the vehicle, as the energy from the battery may be the sole
source of energy for propelling the vehicle. This is a key problem in relation to
electrical vehicles; since a key inhibitor for buying an electrical vehicle is the
limited driving range. Potential drivers simply refrain from buying such vehicles
due to the fear that the batteries may run out of energy before the user reaches
the destination.

It is an object of one or more embodiments of the present invention to address
this problem of range anxiety.

It is an object of one or more embodiments of the present invention to increase

the range of electrical vehicles.

It is an object of one or more embodiments of the present invention to provide a
thermal energy administration system which increases the battery life of an

electrical vehicle.
DESCRIPTION OF THE INVENTION

In a first aspect, the invention relates to a thermal energy administration system
for an electrical vehicle comprising an electrical motor for propelling the vehicle,
the thermal energy management system comprising an air conditioning system
defining a closed circuit which accommodates a cooling medium and
comprises: a compressor, a first thermal energy exchanging device, a second

thermal energy exchanging device, and a sub-circuit, wherein the sub-circuit

CONFIRMATICN COPY
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comprises a third thermal energy exchanging device which is arranged to
transfer thermal energy between cooling fluid in the sub-circuit and one or more
electrical devices of the electrical vehicle, wherein the sub-circuit is adapted to
circuléte the cooling medium in a loop through the third thermal energy
exchanging device and one of the first and the second thermal energy

exchanging devices.

At least one of the one or more electrical devices of the electrical vehicle may
comprise a battery and/or an electrical motor and/or an audio system and/or an
electrical engine and/or a combustion engine and/or a power controller for

controlling the electrical power supplied to the electrical motor.

In one form of the invention, the electrical devices comprise a battery and/or a
power module of the electrical vehicle. In this way, heat generated by the
battery and/or the power module can be used to provide heat to a vehicle cabin
of the electrical vehicle. Indeed, in some arrangements, the heat generated by
the battery and/or the power module may be the only source of heat used to

heat the vehicle cabin.

The sub-circuit may comprise a flow regulator for controlling the flow of the

cooling medium through said sub-circuit.

In some forms of the invention, a plurality of sub-circuits is provided, wherein
each sub-circuit comprises a thermal energy exchanging device which is
arranged to transfer thermal energy between the cooling fluid in the sub-circuit
and one or more electrical devices of the electrical vehicle, wherein each sub-
circuit is adapted to circulate the cooling medium in a loop through the thermal
energy exchanging device of said sub-circuit and one of the first and the second

thermal energy exchanging devices.

The system may be arranged so that, in a first mode of operation, the cooling
medium circulates in a loop through the third thermal energy exchanging device
and the first thermal energy exchanging device without passing through the
compressor and, in a second mode of operation, the cooling medium circulates

in a loop through the third thermal energy exchanging device and the second



WO 2012/069052 PCT/DK2011/000138

10

15

20

25

30

thermal energy exchanging device without passing through the compressor. A
cooling medium flow direction shifting device (such as a four-way switch) may

be provided for setting the mode of operation.

In a second aspect, the present invention relates to a thermal energy
administration system for an electrical vehfcle comprising an electrical motor for
propelling the vehicle, comprising an air conditioning system which is arranged
to heat one or more heat requiring units, and/or to cool one or more cooling
requiring units, wherein at least one of the heat requiring unit(s) and the cooling

requiring unit(s) is an electrical device of the electrical vehicle.

One advantage of both the first and second aspects of the present invention is
that any excess heat or any excess coldness (see definition below) may be
used to heat or cool heating requiring or cooling requiring units of the thermal
energy administration system. In the case of conventional electrical vehicles,
one apparatus within the vehicle may have a surplus of thermal energy which is
disposed of to the surroundings e.g. by radiation, while at the same time
another apparatus has a deficit of thermal energy and thus comprises an
internal heating unit which by means of electrical energy is used to provide the
needed thermal energy. By allowing thermal energy from one apparatus to be
used in another apparatus, it is possible to postpone the point in time where the
battery of the electrical vehicle needs to be recharged. This increases the

driving range of the vehicle.

The thermal energy administration system is adapted to transfer thermal energy
from one unit to another. The heat may be transferred by means of a cooling

medium as is described in further detail below.

In the context of the present invention, the term "heat-absorbing" may be used
as an alternative to "heat requiring". Units which absorb heat may be said to
have a deficit of thermal energy or heat, or to have a surplus of coldness.
Similarly in the context of the present invention, the term "heat-emitting" may be
used as an alternative to "cooling requiring". Units which emit heat may be said
to have a surplus of thermal energy or heat, or to have a deficit of coldness. In
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the context of the present invention, the term “coldness” is used to designate
lack of, or a low degree of, thermal energy. Thus, if for example a cold and a hot
member are in direct contact and the temperature of the cold member is lower
than the temperature of the hot member, then coldness is transferred from the
cold member to the hot member. Similarly, heat is transferred from the hot

member to the cold member.

In the context of the present invention, the term “electrical vehicle” shall be
understood as any vehicle which comprises an electrical device for propelling
the vehicle. Examples are hybrid vehicles comprising both combustion engines
and electrical engines, and vehicles which are 100 percent propelled by an
electrical motor. Moreover, it will be appreciated that a vehicle in the context of
the present invention covers any means of transport. Examples are: bicycles,
cars, motorcycles, trains, ships, boats, and aircraft.

In one embodiment, the “electrical vehicle” is a vehicle which comprises no
combustion engine at all. Alternatively, the “electrical vehicle” may be a vehicle
which comprises no combustion engine for propelling the vehicle. In another
embodiment, the “electrical vehicle” is a vehicle which comprises one or more
electrical motors for propelling the electrical vehicle. Alternatively, the “electrical
vehicle” may be construed as a vehicle where any motor used to propel the

vehicle is electrical.

In the context of the present invention, the term “electrical motor” shall be
understood as a device which converts electrical energy into mechanical energy
suitable for propelling the electrical vehicle. One example is an electrical motor
which converts electrical energy into rotational energy, which may be used to

cause wheels of the vehicle to rotate.

The electrical motor for propelling the vehicle may be a Direct Current or an
Altering Current motor. Examples of electrical motors are bushed or brushless
motors, coreless/iron less motors, synchronous motors, asynchronous motors,

servo motors and stepper motors.
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It will be appreciated that the abovementioned phrase “an air conditioning
system which is arranged to heat one or more heat requiring units” shall be
understood such that thermal energy is transferred from the air conditioning
system to one or more of the heat requiring units. Similarly, the phrase “an air
conditioning system which is arranged ... to cool one or more cooling requiring
units” shall be understood such that thermal energy is transferred from the

cooling requiring units to the air conditioning system.

In order to cool and heat the cooling and the heating requiring units,
respectively, at least a part of the air conditioning systém may be in direct
contact with at least a part of the respective unit, so as to allow coldness or heat

to be transferred.

One or more of the heating requiring units and/or one or more of the cooling
requiring units may define a thermal energy transfer compartment defining an
inlet and an outlet both of which are fluidly connected to the air conditioning
system. In use the air conditioning fluid may thus flow into the compartment via

the inlet and out of the compartment via the outlet.

It will be appreciated that the closer this compartment is to the heat generating
and the coldness generating units, the more effectively heat or coldness may be
transferred. In one embodiment, the compartment encirculates fully or partly the

heat or coldness generating elements of the heat and cooling requiring unit.

At least one of the heat requiring unit(s) and the cooling requiring unit(s) is an
electrical device of the electrical vehicle. In the context of the present invention,
the term “electrical device” shall be understood as a device which produces or
is at least partly powered by electricity. Examples of electrical devices are an
electrical motor for propelling the vehicle, heating elements for generating
thermal energy e.g. in the cabin of the electrical vehicle, fans for creating
ventilation in the cabin of the vehicle, pumps for pumping a windshield washer
fluid.

In one embodiment, at least one of the one or more cooling requiring units
comprises an electrical battery and/or an electrical motor for propelling the
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electrical vehicle forwards or backwards and/or an audio system and/or an
electrical motor/engine and/or a combustion enginé and/or a power controller

for controlling the electrical power supplied to the electrical motor.

The thermal energy administration system may comprise at least two cooling
requiring units in the form of an electrical battery, such as two, such as three
etc. One or more of the batteries may be a lithium battery, or an alkaline battery,

or any other kind of battery.

Examples of electrical motors are motors for operating a servo pump of a servo
steering system or other hydraulic control system, door or window operating

motors and mirror or light servo motors.

The electrical motor for propelling the vehicle may be one of these motors. In
one embodiment, the electrical vehicle comprises more than one electrical
motor for propelling the vehicle, such as two, three, four, etc. At least one —
such as all —of the electrical motors may be connected to air conditioning

system such that heat or coldness may be transferred.

In a one embodiment, at least one of the one or more heating requiring units
comprises a battery and/or an electrical motor and/or a combustion engine
and/or a seat heating device and/or a window defrosting device and/or a

window demisting device.

In one embodiment, the system according to the present invention is adapted to
heat a combustion engine to a desirable operation temperature. As an example
the vehicle may initially be operated by an electrical motor. During this use of
the electrical motor, thermal energy is generated which is transferred to the
combustion engine. This may especially be desirable in the winter and provides
the advantage that once the combustion engine is operated the fuel
consumption is lower due to the elevated temperature of the combustion

engine.
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In the context of the present invention, the term “air conditioning system” shall
be understood as a system comprising a cooling medium which is used to

transfer thermal energy.

In one embodiment, the air conditioning system comprises a controller for
5  controlling the temperature of one or more units of the air conditioning system
or for controlling the temperature in a space e.g. a passenger cabin, in which

the an unit of the air conditioning system is provided. -

In one embodiment, the air conditioning system defines a closed circuit which

accommodates a cooling medium and which comprises:
10 o acompressor,
o afirst thermal energy exchanging device,
o a second thermal energy exchanging device, and
o apump.

The cooling medium which flows in the system according to the present
15 invention may be any kind of coolant. An ideal coolant has high thermal
capacity, low viscosity, is low-cost, non-toxic, and chemically inert; neither
causing nor promoting corrosion of the system. The cooling medium may be a
single phase coolant, which does not change phase during use, or a two phase
coolant which changes phase during use. An example of such refrigerant would
20 be R-134a.

In one embodiment, the closed circuit comprises one or more sub-circuits each
of which comprises a third thermal energy exchanging device which is arranged
to transfer thermal energy between the cooling fluid in the sub-circuit and one or
more of the heat requiring units and/or one or more of the cooling requiring

25 units, wherein the each sub-circuit is adapted to circulate the cooling medium in
a loop through the third thermal energy exchanging device and one of the first

and the second thermal energy exchanging devices.
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In yet another embodiment, one or more of the sub-circuits comprises a flow

regulator for controlling the flow of the cooling medium through said sub-circuit.

In one embodiment, the air conditioning device further comprises a cooling
medium flow direction shifting device (such as a 4-way switch) for shifting the
flow direction of the cooling medium from a first direction in which the
compressor pumps the cooling medium towards the first thermal energy
exchanging devices to a second direction in which the compressor pumps the

cooling medium towards the second thermal energy exchanging devices.

It will be appreciated that by allowing the compressor to pump the cooling
medium in a first and a second direction, the functioning of the device may be

changed.

When the compressor pumps the cooling medium in the first direction the
cooling medium passes through the elements in the closed circuit in the
following order: compressor — first thermal energy exchanging device —
expansion valve(s) — second thermal energy exchanging device — compressor.
When the cooling medium passes through the closed circuit in this manner, the
first thermal energy exchanging device functions as a condenser and is thus
used for transferring thermal energy from the cooling medium to the
surroundings of the condenser. At the same time, the second thermal energy
exchanging device functions as an evaporator and is thus used to retrieve

thermal energy from the surroundings of the evaporator to the cooling medium.

When the compressor pumps the cooling medium in the second direction the
cooling medium passes through the elements in the closed circuit in the
following order: compressor — second thermal energy exchanging device —
expansion valve(s) — first thermal energy exchanging device — compressor.
When the cooling medium passes through the closed circuit in this manner, the
second thermal energy exchanging device functions as a condenser and is thus
used for transferring thermal energy from the cooling medium to the
surroundings of the condenser. At the same time, the first thermal energy
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exchanging device functions as an evaporator and is thus used to retrieve

thermal energy from the surroundings of the evaporator to the cooling medium.

It will be appreciated that by changing the flow direction between the first and
the second direction the system may be changed from functioning as a air

5 conditioning system, in which air is cooled by means of the second thermal
energy exchanging device, to a heat pump, in which air is heated by means of

the second thermal energy exchanging device.

In yet another embodiment, a first duct system and a second duct system is
provided. The first duct system may be adapted to move air from a passenger
10  cabin of the vehicle, past one of the first and the second thermal energy
exchanging devices and back into the passenger cabin. The second duct
system may be adapted to move air from the passenger cabin of the vehicle,
past the other one of the first and the second thermal energy exchanging

devices and back into the passenger cabin.

15  Moreover in one embodiment, the duct system comprises an air flow direction
shifting device having a first state in which air is directed from the passenger
cabin past the first thermal energy exchanging device and back into the
passenger cabin, and a second state in which air is directed from the passenger
cabin past the second thermal energy exchanging device and back into the

20 passenger cabin.

By providing an air flow direction shifting device, it is possible to change the
direction of the air flow it is possible to shift between cooling the passenger
cabin and heating the passenger cabin and vice versa. As an example, the first
thermal energy exchanging device may be adapted to transfer coldness to its
25  surroundings while the second thermal energy exchanging device is adapted to
transfer heat to its surroundings. Thus by allowing the air of the passenger
cabin to flow past the first energy exchanging device, the air is cooled whereby
the passenger cabin is cooled. If on the other hand, the air of the passenger
cabin is directed past the second energy exchanging device this air is heated

30 whereby the passenger cabin is heated. It will be appreciated than in other
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embodiments, the first energy exchanging device is used to heat the air from
the passenger cabin, while the second energy exchanging device is used to
cool the air from the passenger cabin. Moreover it will be appreciated that by
providing the abovementioned duct system, an alternative to changing the flow
direction of the cooling medium may be provided. However, in oné embodiment,
the two solutions are combined whereby the abovementioned duct system is
provided, while at the same time the air conditioning device is adapted to

change the flow direction.

In one embodiment, the thermal energy administration system comprises further
duct systems which are arranged to allow air to flow past the first and/or the
second energy exchanging devices so as to cool or heat other devices in the
electrical vehicle. As an example the thermal energy administration system may
comprise a third duct system and a fourth duct system, the third duct system
being adaptéd to move air from another area of the vehicle such as a battery

- compartment of the vehicle, past one of the first and the second thermal energy

exchanging devices and back into the battery compartment, the second duct
system being adapted to move air from the battery compartment of the vehicle,
past the other one of the first and the second thermal energy exchanging
devices and back into the battery compartment. Again this is an alternative to
changing the flow direction of the cooling medium. However, it will be
appreciated that when the flow direction of the cooling medium is changed it
may potentially affect the function of all the thermal energy exchanging units of
the thermal energy administration system. However, by changing the direction
of the air flow in e.g. the first a\nd the fourth duct systems, the battery may
change from a state where it is heated to a state where it is cooled without
causing a change in the way the remaining units of the system is cooled or
heated.

In a third aspect, the present invention relates to an electrical vehicle
comprising a thermal energy administration system according to the first or
second aspects of the invention.
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In a fourth aspect, the present invention relates to a method of operating an
electrical motor of a motor vehicle (e.g. by means of a power module), wherein
the motor vehicle comprises a thermal energy administration system comprising
an air conditioning system defining a closed circuit which accommodates a
cooling medium, the air conditioning system having a compressor, a first
thermal energy exchanging device, a second thermal energy exchanging device
and a sub-circuit, wherein the sub-circuit comprises a third thermal energy
exchanging device which is arranged to transfer thermal energy between
cooling fluid in the sub-circuit and one or more electrical devices of the electrical
vehicle, the method comprising: circulating the cooling medium in a loop
through the third thermal energy exchanging device and one of the first and the

second thermal energy exchanging devices.

The method may further comprise controlling the flow of the cooling medium

through said sub-circuit (e.g. using a flow regulator).

The thermal energy administration system may comprises a plurality of sub-
circuits, wherein each sub-circuit comprises a thermal energy exchanging
device which is arranged to transfer thermal energy between‘ the cooling fluid in
the sub-circuit and one or more electrical devices of the electrical vehicle,
wherein each sub-circuit is adapted to circulate the cooling medium in a loop
through the thermal energy exchanging device of said sub-circuit and one of the
first and the second thermal energy exchanging devices. By way of example,
the thermal energy administration system may comprise two sub-circuits, with a
first sub-circuit including a battery of the electrical vehicle and the second sub-

circuit including a power module of the electrical vehicle.

A first mode of operation may be provided in which the cooling medium
circulates in a loop through the third thermal energy exchanging device and the
first thermal energy exchanging device without passing through the compressor.
A second mode of operation may be provided in which the cooling medium
circulates in a loop through the third thermal energy exchanging device and the
second thermal energy exchanging device without passing through the

compressor. The method may include selecting the mode of operation of the
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thermal energy administration system. A switch, such as a four-way switch,

may be provided for setting the mode of operation.

The invention may comprise any combination of the various elements of the

invention as set out above.
BRIEF DESCRIPTION OF THE INVENTION

The invention will now be described in further detail with reference to the figures

in which:

Fig. 1 discloses a prior art system,

Figs. 2 and 3 disclose a first embodimeht of the invention,

Fig. 4 discloses a flow diagram of the first embodiment of the invention,

Figs. 5 and 6 disclose diagrams illustrating the thermodynamics of the present

invention,
Fig. 7 discloses a flow diagram of a second embodiment of the invention,

Figs. 8 and 9 show flow diagrams the first embodiment of the invention when

operated in an air conditioning mode and a heat pump more respectively, and

Figs. 10 and 11 show flow diagrams of the second embodiment of the invention

when operated in an air conditioning mode and a heat pump mode respectively.
DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 discloses a conventional system 200 comprising three separate systems,
a conventional battery cooling system 202, a conventional air conditioning
system 204 and a conventional power module cooling system 206. The
conventional battery cooling system 202 comprises a battery 210, which is
coupled to a heat exchanger 212 and a pump 214. The pump 214 is operated to
cause a cooling medium to flow in the pipes 216. Moreover, a heater element

218 is electrically connected to the battery 210. The battery is used to supply
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electrical energy to one or more devices of the vehicle in which the conventional

system 200 is installed.

The conventional power module cooling system 206 comprises a power module
220, which is coupled to a heat exchanger 212 and a pump 214. The pump 214
is operated to cause a cooling medium to flow in the pipes 216. The power
module 220 may be used to control the electrical motor for propelling the

vehicle.

The conventional air conditioning system 204 comprises two heat exchangers
212', 212" which are fluidly connected to each other via a compressor 222 and
expansion valves 224 and pipes 216. The conventional air conditioning system
204 may be used to control the temperature of a passenger cabin (not shown)

of the electrical vehicle.

Normally, as it may be seen from Fig. 1, excessive thermal energy from the
battery cooling system 202 and the conventional power module cooling system
206 is not used to elevate the temperature in a passenger cabin but is instead
wasted by being allowed to be radiated to the surroundings by means of heat
exchangers 212. The result is that a heater element 218 is provided for heating
the vehicle. However, when the vehicle is an electrical vehicle, battery lifetime is
an essential performance parameter as it is decisive for the range of the
vehicle. Thus by eliminating the heater element 218 the battery lifetime and the
range of the vehicle may be extended. Moreover, the present invention provides
a simpler solution with fewer elements. This causes the vehicle to be cheaper to

manufacture.

Figs. 2-4 disclose the thermal energy administration system 100 according to an
embodiment of the present invention. The thermal energy administration system
100 comprises a first heat exchanger 102 and a second heat exchanger 104.
The first heat exchanger 102 and the second heat exchanger 104 are fluidly
connected to each other via first pipes 106 and a compressor 108. A four-way
valve 110 (not shown in Figs. 2 or 3) may be arranged to change the flow

direction of a cooling medium provided inside the thermal energy administration
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system 100, this is described in further detail below. Alternatively, a compressor
108 may be employed which is suitable to be reversed, so as to convey the
cooling medium in the opposite direction around the circuit.

Moreover, the first heat exchanger 102 and the second heat exchanger 104 are

also fluidly connected via expansion valves 112 and second pipes 114.

Due to the four-way valve 110 the compressor 108 may be operated to circulate
the cooling medium in a clockwise direction and a counter clockwise direction

when seen in Fig. 4.

The first heat exchanger 102, the second heat exchanger 104, the first pipes
106, the compressor 108, the second pipes 114 and the expansion valves 112
function as an air conditioning system. However depending on the flow direction
the first heat exchanger 102 and the second heat exchanger 104 operate in

different ways.

If the flow direction is clockwise, the first heat exchanger 102 functions as a
condenser, while the second heat exchanger 104 functions as an evaporator. If
on the other hand the flow direction is counter clockwise, the first heat
exchanger 102 functions as an evaporator, while the second heat exchanger
104 functions as a condenser. In a similar manner to a conventional air
conditioning system, the evaporator will, during use, remove thermal energy
from its surroundings and transfer this thermal energy to the cooling medium.
Similarly, the condenser will, during use, transfer thermal energy from the

cooling medium to the surroundings of the condenser.

In one embodiment, the second heat exchanger 104 is provided inside a
passenger cabin (not shown) of a vehicle, while the first heat exchanger 102 is
provided outside this passenger cabin. Accordingly, when the cooling medium is
circulated in a clockwise direction, the thermal energy administration system
100 functions as an air conditioning system which lowers the temperature in the
passenger cabin. If, on the other hand, the cooling medium is circulated in the

counter clockwise direction, the thermal energy administration system 100
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functions as a heat pump which elevates the temperature in the passenger
cabin.

In the present invention, a battery 116 and a power modulator 118 are coupled
to the thermal energy administration system 100 such that the system may be
used to cool the battery 116 and/or the power modulator 118. Aiternatively, the
thermal energy from the battery 116 and/or the power modulator 118 may be
used to elevate the temperature of the cooling medium, which may be
advantageous when the passenger cabin need to be heated e.g. during the

winter.

A battery pump 120 and a power modulator pump 122 may be provided for
pumping the cooling medium through a thermal energy exchange manifold (not
shown) of the battery 116 and the power modulator 118, respectively. When the
cooling medium is pumped through these thermal energy exchange manifolds,
thermal energy may be retrieved from the battery 116 and/or the power
modulator 118 whereby these two elements 116,118 are cooled. Alternatively,
thermal energy may be transferred to the battery 116 and/or the power
modulator 118 such that their temperature is elevated.

Figs. 5 and 6 disclose two different uses of the thermal energy administration

system according to the present invention. In Fig. 5, the system is used to cool
the passenger cabin. In Fig. 6, the system is used to elevate the temperature in
the passenger cabin. The graphs in Figs. 5 and 6 are explained in further detail

below.

In Fig. 5 the line 124 illustrates the transfer of heat from the passenger cabin to
the cooling medium, by evaporation of the cooling medium in the evaporator.
The line 126 illustrates operation of the compressor and line 128 illustrates
transfer of thermal energy from the cooling medium to the surroundings of the
vehicle in the condenser. Line 130 illustrates the flow of the cooling medium
through the expansion valve. Line 132 illustrates the operation of a pump, and
line 134 illustrates transfer of thermal energy from the battery and/or other heat

generating units such as electrical units to the cooling medium.
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In Fig. 6, the system is used for heating the passenger cabin. In the
embodiment of Fig. 6, the thermal energy is supplied to the cooling medium
from the surroundings of the vehicle as illustrated by line 136 (e.g. by means of
a radiator) and/or from electrical components as illustrated by line 138.
Subsequently, the cooling medium flows through the compressor 140 and
further into the condenser 142 in which the thermal energy transferred from the
cooling medium to the passenger cabin of the vehicle. Subsequently, the
cooling medium flows through the expansion valve 144. A pump 146 is
arranged to ensure that a first part of the cooling medium flows past the
electrical components (indicated by line 138) and that a second part of the
cooling medium flows past the radiator (indicated by line 136). Alternatively, or
as a supplement, a splitter valve may be arranged to ensure that a part of the
flow is directed past the radiator and that another part is directed past the
electrical components. It will be appreciated that in one embodiment, the
system is adapted to control two flow streams such that the heat of the electrical
components is used when these components generate a sufficient amount of
thermal energy, whereas the radiator is used to supplement with thermal energy

when the generation of thermal by the electrical components is not sufficient.

Figure 7 shows a thermal energy administration system 150 in accordance with

an alternative embodiment of the present invention.

The thermal energy administration system 150 comprises a first heat exchanger
152, a second heat exchanger 154, a battery and/or power module of an
electrical motor 156, a compressor‘158, a four-way valve 160, a first expansion
valve 162, a second expansion valve 164 and a pump 166. The first and
second heat exchangers 152, 154 are similar to the first and second heat
exchanges 102 and 104 of the thermal energy administration system 100.
Similarly, the battery/power module 156 (shown as a single element in the
system 100) is similar to the battery 116 and power module 118 of the system
100. The compressor 158, 4-way valve 160 and expansion valves 162 and 164

are similar to the elements 108, 110, and 112 of the circuit 100.
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The battery/power module 156 may comprise a battery, a power module or
both. In forms of the invention including both a power module and a battery,
they could be provided in parallel, in a similar manner to the battery 116 and

power module 118 described above.

The first heat exchanger 152, the second heat exchanger 154, the pipes, the
compressor 158, and the first and second expansion valves 162 and 164
function as an air conditioning system. However depending on the flow direction
(set by the 4-way valve 160), the first heat exchanger 152 and the second heat
exchanger 154 operate in different ways. Due to the four-way valve 160, the
compressor 158 may be operated to circulate the cooling medium in a
clockwise direction and a counter clockwise direction when seen in Fig. 7.

When the flow direction is clockwise, the first heat exchanger 152 functions as a
condenser, while the second heat exchanger 154 functions as an evaporator.
The evaporator (the second heat exchanger 154 in this arrangement) will
remove thermal energy from its surroundings and transfer this thermal energy to
the cooling medium. Similarly, the condenser (the first heat exchanger 152) will
transfer thermal energy from the cooling medium to the surroundings of the
condenser. Thus, in the event that the second heat exchanger is inside a

-vehicle cabin, the clockwise flow results in the cabin temperature being

reduced.

With a clockwise flow, the cooling medium is compressed by the compressor
158 and flows (at high pressure) through the first heat exchanger 152. The
cooling medium passes through the expansion valve 162 and back to the
second heat excrhanger 154 (now at low pressure). The expansion valve 164 is
redundant. High pressure cooling medium can flow via the battery/power
module 156 under the control of the pump 166. Heat can thereby be removed
from the battery/power module 156 and passed to the first heat exchanger 152.
Note that cooling material flowing past the battery/power module 156 does not

pass through the compressor 158.
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When the flow direction is counter clockwise, the first heat exchanger 152
functions as an evaporator, while the second heat exchanger 154 functions as a
condenser. The evaporator (the first heat exchanger 152 in this arrangement)
will remove thermal energy from its surroundings and transfer this thermal
energy to the cooling medium and the condenser (the second heat exchanger
154) will transfer thermal energy from the cooling medium to the surroundings
of the condenser. Thus, in the event that the second heat exchanger is inside a
vehicle cabin, a counter clockwise flow results in the cabin temperature being

increased.

With a counter clockwise flow, the cooling medium is compressed by the
compressor 158 and flows (at high pressure) through the second heat
exchanger 154. The cooling medium passes through the expansion valve 164
and back to the first heat exchanger 152 (now at low 'pressure). This time, the
expansion valve 162 is redundant. High pressure cooling medium can flow via
the battery/power module 156 under the control of the pump 166. Heat can
thereby be removed from the batter/power module 156 and passed to the
second heat exchanger 154. Note that once again the cooling material flowing
past the battery/power module 156 does not pass through the compressor 158.
Thus, in the event that the second heat exchanger is inside a vehicle cabin, -
heat removed from battery/power module 156 can be used to heat the vehicle
cabin.

In the event that heat generated by the battery/power module 156 is used to
heat a vehicle cabin and the heat extracted from the battery/power module is
sufficient for the cabin heating requirements, then, in some forms of the
invention, coolant can be circulated between the battery/power module 156 and
the second heat exchanger 154 without requiring the use of the compressor 158
and without requiring coolant to be passed through the first heat exchanger 152.

Figures 8 to 11 are flow diagrams demonstrating different aspects of the
present invention. Figure 8 shows the system 100 when used in an air

conditioning mode. Figure 9 shows the system 100 when used in a heat pump
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mode. Figure 10 shows the system 150 when used in an air conditioning mode.

Figure 11 shows the system 150 when used in a heat pump mode.

In the air conditioning mode of operation of the system 100 as shown in Figure
8, heat is removed (for example from the passenger cabin of a vehicle) to the
cooling medium by evaporation of the cooling medium in the evaporator 104.
The cooling material (which is at low pressure) is compressed and thermal
energy is transferred from the cooling medium to the surroundings of the vehicle
in the condenser 102. Cooling material can also be pumped through the power
module in order to remove heat therefrom and that heat is also transferred to

the surrounding of the vehicle in the condenser 102.

The air conditioning mode of the systerri 150 shown in Figure 10 6perates ina
similar manner. Heat is removed (for example from the passenger cabin of a
vehicle) to the cooling medium by evaporation of the cooling medium in the
evaporator 154. The cooling material (which is at low pressure) is compressed
and thermal energy is transferred from the cooling medium to the surroundings
of the vehicle in the condenser 152. Cooling material can also be pumped
through the power module in.order to remove heat therefrom and that heat is

also transferred to the surrounding of the vehicle in the condenser 152.

In the heat pump mode of operation of the system 100 as shown in Figure 9,
thermal energy is supplied to the cooling medium from the surroundings of the
vehicle by means of evaporating the cooling material in the evaporator 102
and/or through the action of cooling electrical components (i.e. the
battery/power module). Subsequently, the cooling medium is compressed
before flowing to the condenser 104 where thermal energy is transferred from
the cooling medium to the passenger cabin of the vehicle. Subsequently, the
cooling medium flows through the expansion valve. Cooling material can be
pumped passed the battery/power module in order to remove heat therefore,
thereby cooling the battery/power module and providing energy that can be

used to heat the vehicle cabin.
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In the heat pump mode of operation of the system 150 as shown in Figure 11,
thermal energy supplied to the cooling medium from the surroundings of the
vehicle by means of evaporating the cooling material in the evaporator 152 is
compressed before flowing to the condenser 154 where thermal energy is
transferred from the cooling medium to the passenger cabin of the vehicle.
Cooling material can also (or alternatively) be pumped passed the
battery/power module in order to remove heat therefrom, thereby cooling the
battery/power module and providing energy that can be used to heat the vehicle
cabin. The heating arrangement shown in Figure 11 differs from that of Figure
9 in that the cooling medium passing the battery/power module is at high
pressure (rather than low pressure as in Figure 9). Thus, the cooling medium
that is heated by the battery/power module 156 does not need to pass through
the compressor 158. The arrangement 150 is therefore more efficient that the

arrangement 150 when used as a heat pump.

Another difference between the arrangements 100 and 150 when used as a
heat pump is that if the battery/power module 156 can provide sufficient thermal
energy to heat the vehicle cabin, then the evaporator is not required to be used.

Thus, the compressor can be switched off and further energy can be saved.

The embodiments of the invention described above are provided by way of
example only. The skilled person will be aware of many modifications, changes
and substitutions that could be made without departing from the scope of the
present invention. The claims of the present invention are intended to cover all
such modifications, changes and substitutions as fall within the spirit and scope

of the invention.



WO 2012/069052 PCT/DK2011/000138

10

15

20

25

21

CLAIMS

1. A thermal energy administration system for an electrical vehicle comprising
an electrical motor for propelling the vehicle, the thermal energy management
system comprising an air conditioning system defining a closed circuit which
accommodates a cooling medium and comprises: a compressor, a first thermal
energy exchanging device, a second thermal energy exchanging device and a
sub-circuit, wherein the sub-circuit comprises a third thermal energy exchanging
device which is arranged to transfer thermal energy between cooling fluid in the
sub-circuit and one or more electrical devices of the electrical vehicle, wherein
the sub-circuit is adapted to circulate the cooling medium in a loop through the
third thermal energy exchanging device and one of the first and the second

thermal energy exchanging devices.

2. A thermal energy administration system according to claim 1, wherein at least
one of the one or more electrical devices of the electrical vehicle comprises a
battery and/or an electrical motor and/or a audio system and/or an electrical
engine and/or a combustion engine and/or a power controller for controlling the

electrical power supplied to the electrical motor.

3. A thermal energy administration system according to claim 1 or 2, wherein
the sub-circuit comprises a flow regulator for controlling the flow of the cooling

medium through said sub-circuit.

4. A thermal energy administration system according to any of the preceding
claim, further comprising a plurality of sub-circuits, wherein each sub-circuit
comprises a thermal energy exchanging device which is arranged to transfer
thermal energy between the cooling fluid in the sub-circuit and one or more
electrical devices of the electrical vehicle, wherein each sub-circuit is adapted to
circulate the cooling medium in a loop through the thermal energy exchanging
device of said sub-circuit and one of the first and the second thermal energy

exchanging devices.
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5. A thermal energy administration system according to any preceding claim,
wherein the system is arranged so that, in a first mode of operation, the cooling
medium circulates in a loop through the third thermal energy exchanging device
and the first thermal energy exchanging device without passing through the
compressor and, in a second mode of operation, the cooling medium circulates
in a loop through the third thermal energy exchanging device and the second

thermal energy exchanging device without passing through the compressor.

6. A thermal energy administration system for an electrical vehicle comprising
an electrical motor for propelling the vehicle, comprising an air conditioning
system which is arranged to heat one or more heat requiring units, and/or to
cool one or more cooling requiring units, wherein at least one of the heat
requiring unit(s) and the cooling requiring unit(s) is an electrical device of the

electrical vehicle.

7. A thermal energy administration system according to claim 6, wherein the air
conditioning system defines a closed circuit which accommodates a cooling

medium and which comprises:
O acompressor,
o afirst thermal ehergy exchanging device,
o a second thermal energy exchanging device, and
o apump.

8. A thermal energy administration system according to claim 7, wherein the
closed circuit comprises one or more sub-circuits each of which comprises a
third thermal energy exchanging device which is arranged to transfer thermal
energy between the cooling fluid in the sub-circuit and one or more of the heat
requiring units and/or one or more of the cooling requiring units, wherein the
each sub-circuit is adapted to circulate the cooling medium in a loop through the
third thermal energy exchanging device and one of the first and the second

thermal energy exchanging devices.



WO 2012/069052 PCT/DK2011/000138

10

15

20

25

30

23

9. A thermal energy administration system according to any one of the
preceding claims, comprising a first duct system and a second duct system, the
first duct system being adapted to move air from a passenger gabin of the
vehicle, past one of the first and the second thermal energy exchanging devices
and back into the passenger cabin, the second duct system being adapted to
move air from the passenger cabin of the vehicle, past the other one of the first
and the second thermal energy exchanging devices and back into the

passenger cabin.

10. A thermal energy administration system according to any of the preceding
claims, wherein the air conditioning device further comprises a cooling medium
flow direction shifting device for shifting the flow direction of the cooling medium
from a first direction in which the compressor pumps the cooling medium
towards the first thermal energy exchanging device to a second direction in
which the compressor pumps the cooling medium towards the second thermal

energy exchanging device.

11. An electrical vehicle comprising a thermal energy administration system
according to any of the preceding claims.

12. A method of operating an electrical motor of a motor vehicle, wherein the
motor vehicle comprises a thermal energy administration system comprising an
air conditioning system defining a closed circuit which accommodates a cooling
medium, the air conditioning system having a compressor, a first thermal
energy exchanging device, a second thermal energy exchanging device and a
sub-circuit, wherein the sub-circuit comprises a third thermal energy exchanging
device which is arranged to transfer thermal energy between cooling fluid in the
sub-circuit and one or more electrical devices of the electrical vehicle, the
method comprising: circulating the cooling medium in a loop through the third
thermal energy exchanging device and one of the first and the second thermal -

energy exchanging devices.

13. A method as claimed in claim 12, further comprising controlling the flow of

the cooling medium through said sub-circuit.
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14. A method as claimed in claim 12 or claim 13, wherein the thermal energy
administration system comprises a plurality of sub-circuits, wherein each sub-
circuit comprises a thermal energy exchanging device which is arranged to
transfer thermal energy between the cooling fluid in the sub-circuit and one or
5 more electrical devices of the electrical vehicle, wherein each sub-circuit is
adapted to circulate the cooling medium in a loop through the thermal energy
exchanging device of said sub-circuit and one of the first and the second

thermal energy exchanging devices.

15. A method as claimed in any one of claims 12 to 14, further comprising a first
10  mode of operation in which the cooling medium circulates in a loop through the
third thermal energy exchanging device and the first thermal energy exchanging
device without passing through the compressor and a second mode of
operation in which the cooling medium circulates in a loop through the third
thermal energy exchanging device and the second thermal energy exchanging

15 device without passing through the compressor.
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