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(57) Abstract: The invention provides a climate system (3) for providing air to a cab (2) of a vehicle, the climate system comprising a
first conduit (302), an outlet end (312) of the first conduit being adapted to be arranged inside of the cab (2), characterized in that the
climate system comprises a pressurized air source (324), an inlet end (315) of'the first conduit (302) being connected to the pressurized
air source (324) for supplying compressed air into the cab (2) by means of the first conduit (302).
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A CLIMATE SYSTEM FOR PROVIDING AIR TO A CAB OF A VEHICLE

TECHNICAL FIELD

The invention relates to a climate system for providing air to a cab of a vehicle. The
invention also relates to an arrangement comprising such a climate system and a cab,

and also to a vehicle comprising such an arrangement.

The invention is applicable on working machines within the fields of industrial construction
machines or construction equipment, in particular wheel loaders. Although the invention
will be described with respect to a wheel loader, the invention is not restricted to this
particular machine, but may also be used in other working machines such as articulated
haulers, excavators and backhoe loaders. The invention can also be applied in heavy-
duty vehicles, such as trucks, buses and construction equipment. The invention may also
be used in other vehicles such as cars.

BACKGROUND

A working machine, e.g. a wheel loader or an articulated hauler, is usually provided with a
bucket, container or other type of implement for digging, carrying and/or transporting a
load.

For example, a wheel loader has a lift arm unit for raising and lowering an implement,
such as a bucket. The lift arm comprises hydraulic cylinders for movement of a load arm
and the implement attached to the load arm. Usually a pair of hydraulic cylinders is
arranged for raising the load arm and a further hydraulic cylinder is arranged for tilting the

implement relative to the load arm.

In addition, the working machine is often articulated frame-steered and has a pair of
hydraulic cylinders for turning/steering the working machine by pivoting a front section and
a rear section of the working machine relative to each other.

The hydraulic system generally further comprises at least one hydraulic pump, which is
arranged to supply hydraulic power, i.e. hydraulic flow and hydraulic pressure, to the
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hydraulic cylinders. The hydraulic pump is driven by a power source, such as an internal

combustion engine or an electric motor.

A working machine normally comprises a climate system to provide a comfortable air
climate for a driver in a cab of the working machine. The climate system distributes air
with a suitable temperature and humidity to the cab. The climate system should also be
adapted to provide a suitable air quality for wind shield defrosting. Climate systems are
also used in vessels such as vehicles, boats and aircraft. An example of a vehicle climate
system is presented in US2015197135.

A problem with climate systems is that they include ducts which may be space
consuming. For example in working machines such ducts may be difficult to fit during a
design phase since they require large volumes under instrument panels and interior trim
panels. A good visibility for an operator of a working machine is important for safety
reasons, but air ducts may contribute to obstruction of operator visibility.

SUMMARY

An object of the invention is to provide more space in a cab of a vehicle, in particular a
working machine. It is a further object of the invention to increase the visibility in a cab of

a vehicle, in particular a working machine.

These objects are achieved by a climate system according to claim 1. Thus, the invention
provides a climate system for providing air to a cab of a vehicle, the climate system
comprising a first conduit, an outlet end of the first conduit being adapted to be arranged
inside of the cab, characterized in that the climate system comprises a pressurized air
source, an inlet end of the first conduit being connected to the pressurized air source for
supplying compressed air into the cab by means of the first conduit.

The cab may be a driver’s cab, i.e. arranged to house a driver of the vehicle. The cab may
define a space, the outlet end of the conduit being located in the space, whereby the
conduit communicates with the space. Although the climate system of the invention may
be adapted to provide air to a cab of a vehicle, the climate system may also be adapted to
provide air to a cab of some other type of vessel, such as a boat or an aircraft.
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Since the inlet end of the first conduit is connected to the pressurized air source for
supplying compressed air into the cab, the first conduit may be provided with a
substantially thinner cross-section, compared to those of conduits and ducts in known
climate systems. Using the climate system according to the invention a cab climate
system will take up much less space in the cab. The invention makes it possible to route
air ducts in very narrow areas, thereby avoiding obstruction of the visibility for the
driver/operator.

The invention allows the first conduit to be provided as a thin, flexible hose. Such a hose
can be cut to desired length making adaptations to different cab designs very easy. Air
ducts may be installed similarly to the installation of electrical wiring. Also, the invention
may allow more space for servicing. Also, it the first conduit is provided as a flexible hose,
handling it and removing it during service will be much easier compared to handling of
ducts in traditional vehicle climate systems.

Preferably, the pressurized air source is arranged to compress air so as for it to present a
pressure of at least 1 bar, more preferably at least 3 bars, above the atmospheric
pressure. The pressurized air source may be arranged to receive air and to compress the
received air so as for it to present a pressure of at least 1 bar above the pressure of the
air when received. Preferably the air is compressed to a pressure which is substantially
above the atmospheric pressure. Thereby, a compression ratio is provided securing that a
flow in the first conduit may be substantially larger than in ducts of traditional climate
systems, in turn securing said advantageous possibility of providing the first conduit as a
thin conduit. It is understood that the atmospheric pressure is the pressure of immediate

surrounding atmosphere.

Preferably, a valve is provided functionally between the pressurized air source and the
outlet end of the conduit for controlling the supply of compressed air into the cab. Thereby
an effective means of controlling the air flow through the first conduit is provided. It should
be noted that the valve being provided functionally between the pressurized air source
and the first conduit outlet end means that the valve may control the communication
between the pressurized air source and the first conduit outlet end. However, it is
understood that the valve does not necessarily have to be located spatially between the
pressurized air source and the first conduit outlet end.
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The climate system may comprise a second conduit, an inlet end of the second conduit
being connected to the pressurized air source or the first conduit, an outlet end of the
second conduit being adapted to be arranged inside of the cab. Thereby, pressurized air
may be distributed to different parts of an internal space delimited by the cab.

Where a valve is provided as described, the second conduit may branch off from the first
conduit at a branching point, the valve being located functionally between the pressurized
air source and the branching point. Thereby, the valve may fill the function of a main valve
by means of which the flow through the first conduit as well as the second conduit may be
controlled by the single valve.

In advantageous embodiments the climate system comprises a first valve being located
functionally between the inlet end and the outlet end of the first conduit, or, where the
second conduit branches off from the first conduit at a branching point, between the
branching point and the outlet end of the first conduit. The climate system may comprise a
second valve being located functionally between the inlet end and the outlet end of the
second conduit. Thereby, the first and second valves may be used to individually control
the flows through the first and second conduits.

The pressurized air source preferably comprises an air compressor. The compressor may
be of any suitable type, e.g. a piston compressor, a centrifugal compressor, a rotary screw
compressor, or a vane compressor. Suitably an air filter is provided upstream of the
compressor. Preferably, the pressurized air source comprises a pressure tank arranged
functionally between the air compressor and the first conduit so as for the pressure tank to
store air compressed by the air compressor. Thereby, an advantageous compressed air
storage is provided, allowing an effective control of the air distribution to the cab. Where
the climate system is provided in a hybrid electric vehicle, and the air compressor is
arranged to be driven by an internal combustion engine therein, the pressure tank may be
particularly advantageous. More specifically, since the engine in a hybrid electric vehicle
typically is repetitively shut down and started at relatively high frequencies, the pressure
tank may provide the function of a buffer for storing compressed air during periods where
the compressor in inactive due to the engine being shut down.

Preferably, the first conduit presents a transport air flow cross-sectional area, the first
conduit comprising a first nozzle forming the outlet end, the first nozzle presenting a
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nozzle air flow cross-sectional area being substantially larger than the transport air flow
cross-sectional area. Thereby, a widening flow cross-section is provided at the first
conduit outlet end. This means that the compressed air, allowing a thin first conduit but
resulting in a high air speed through the first conduit, may be advantageously slowed
down before entering the interior space of the cab.

Preferably, the nozzle air flow cross-sectional area is at least five times larger, more
preferably at least ten times larger, than the transport air flow cross-sectional area.
Thereby a nozzle is provided, the outer cross-sectional area of which is substantially
larger than the cross-sectional area of the first conduit, allowing a particularly high air
speed reduction from a high level of air compression. More generally, the nozzle air flow
cross-sectional area is preferably at least two times larger than the transport air flow
cross-sectional area. For example, the nozzle air flow cross-sectional area may be 2-200,
preferably 15-50, times larger than the transport air flow cross-sectional area. The nozzle
air flow cross-sectional area is preferably substantially larger than the transport air flow

cross-sectional area.

The ratio of the nozzle air flow cross-sectional area and the transport air flow cross-
sectional area is preferably adapted to the air compression ratio of the pressurized air
source. |l.e. when designing the climate system, it is preferably taken into account that
with an increasing compression ratio of the pressurized air source an increasing ratio of
the nozzle air flow cross-sectional area and the transport air flow cross-sectional area
may follow. Advantageously, the ratio of the nozzle air flow cross-sectional area and the
transport air flow cross-sectional area is preferably also adapted to the length of the first
conduit. l.e. with an increasing length of the first conduit a decreasing ratio of the nozzle
air flow cross-sectional area and the transport air flow cross-sectional area may follow,
given that the compression ratio of the pressurized air source remains the same. It is
understood that for a given ratio of the nozzle air flow cross-sectional area and the
transport air flow cross-sectional area, an increasing length of the first conduit may be
followed by an increased capacity of the pressurized air source, i.e. an increased
compression ratio thereof.

Where the climate system comprises a second conduit, an outlet end of the second
conduit being adapted to be arranged inside of the cab, an inlet end of the second conduit
being connected to the pressurized air source or the first conduit so as for the second
conduit to supply compressed air into the cab, the second conduit may present a transport
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air flow cross-sectional area, the second conduit comprising a second nozzle forming the
outlet end of the second conduit, the second nozzle presenting a nozzle air flow cross-
sectional area being substantially larger than the transport air flow cross-sectional area of
the second conduit. Thereby, an advantageous air speed reduction may be provided at
the second conduit outlet end, similarly to what was described above.

In advantageous embodiments, the climate system comprises a first fluid circuit and a first
heat exchanger arranged so as for heat to be exchanged between the air supplied by the
first conduit from the pressurized air source into the cab, and a fluid in the first fluid circuit.
The first heat exchanger is preferably located at the outlet end of the first conduit.
Thereby, the temperature of the air transported through the first conduit may be effectively
controlled.

Preferably, where a first nozzle is provided as described above, the first heat exchanger is
located inside the first nozzle. Thereby a particularly advantageous embodiment is
provided, wherein the above described wider shape of the nozzle may be used for, in
addition to slowing down the air speed and mentioned, cab the first heat exchanger. The
also, heat may be exchanged close to where the air is delivered to the cab interior, so that
heat loses at fluid transport may be reduced or eliminated.

Preferably, where the climate system comprises a second conduit, an outlet end of the
second conduit being adapted to be arranged inside of the cab, an inlet end of the second
conduit being connected to the pressurized air source or the first conduit so as for the
second conduit to supply compressed air into the cab, the climate system comprises a
second heat exchanger arranged so as for heat to be exchanged between the air supplied
by the second conduit into the cab, and the fluid in the first fluid circuit or a fluid in a
second fluid circuit of the climate system.

Thereby, each conduit outlet end can be controlled separately with regards to air
temperature. Thus, different temperatures may be obtained at different locations in the
cab. For example, where a second fluid circuit is provided, each of the first and second
fluid circuits may be provided with a respective valve for controlling the flow in the
respective of the first and second fluid circuits. Thereby, by adjusting the valves the rate of
the heat exchange at the respective of the first and second heat exchangers can be
controlled individually by the driver or a climate system control system.
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In alternative embodiments, the fluid circuits for the first and second heat exchangers may
be partially or fully integrated. For example, the first and second heat exchangers may
share the first fluid circuit, in which case a single valve could be provided to control the

flow in the circuit.

Preferably, the climate system comprises a further heat exchanger and also a heat source
and/or an air conditioning circuit, the further heat exchanger being arranged so as for heat
to be exchanged between on one hand the fluid in the first fluid circuit and on the other
hand a fluid in a further circuit connected to the heat source and/or a fluid in the air
conditioning circuit. Thereby, heat may be provided to the cab via the air supplied by the
first conduit, the first heat exchanger, the first fluid circuit, the further heat exchanger, and
the heat source. Alternatively, by means of the connection to the air conditioning circuit,
heat may be removed from the air supplied to the cab by the first conduit, via the first heat
exchanger, the first fluid circuit, the further heat exchanger, and air conditioning circuit.

The fluid in first fluid circuit may be water, e.g. with an anti-freeze liquid, or oil. Thus, the
first fluid circuit may be provided with simple conduits, e.g. flexible hoses, for guiding the
fluid. The provision of the further heat exchanger provides a particular advantage when
the climate system comprises an air conditioning circuit. The further heat exchanger may
be positioned outside the cab. Thereby, during service of the vehicle, the cab may be
removed without any need to break and empty the air conditioning circuit, which requires
special costly equipment, is complicated and not easily done outside a service
establishment arranged for this purpose. With the further heat exchanger included in the
climate system, it may be possible to simply break the water or oil carrying first fluid
circuit, and the remove the cab from the vehicle. Breaking a water or oil based circuit may
be much simpler than breaking an air conditioning circuit.

In advantageous embodiments, both the further circuit connected to the heat source and
the air conditioning circuit are connectable, e.g. via suitable valve arrangements, to the
further heat exchanger. Thereby, the further heat exchanger may be arranged so as for
heat to be exchanged selectively either between the fluid in the first fluid circuit and the
fluid in the further circuit connected to the heat source, or between the fluid in the first fluid
circuit and the fluid in the air conditioning circuit. This allows a selective delivery of heat
and cold air to the cab, depending on whether the further heat exchanger is connected to
the heat source or to the air conditioning circuit.
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In other embodiments, only the further circuit connected to the heat source is connectable
to the further heat exchanger. In further embodiments, only the air conditioning circuit is
connectable to the further heat exchanger.

In some embodiments, where the climate system comprises a heat source, the climate
system is arranged so as for heat to be exchanged between the fluid in the first fluid
circuit and the heat source. Thereby, heat may be exchanged directly between the heat
source and the fluid in the first fluid circuit, e.g. by means of an additional heat exchanger
arranged at, in or adjacent to the heat source. Thereby, and simple and reliable solution
for heating the air guided by the first conduit may be provided.

Where the climate system comprises an air conditioning circuit, the climate system may
be arranged so as for heat to be exchanged between the fluid in the first fluid circuit and
the air conditioning circuit. Thereby, heat may be exchanged directly between an
evaporator of the air conditioning circuit and the fluid in the first fluid circuit. Similarly to
embodiments with the further heat exchanger described above, embodiments for such a
direct heat exchange provide a particular advantage when the evaporator is positioned
outside the cab. Thereby, during service of the vehicle, the cab may be removed without
any need to break and empty the air conditioning circuit. Instead, it may be possible to
simply break the water or oil carrying first fluid circuit, and the remove the cab from the
vehicle.

Advantageously, the climate system may comprise a valve arrangement and also a heat
source and an air conditioning circuit, the valve arrangement being arranged so as for the
fluid in the first fluid circuit to be selectively directed to the heat source and to the air
conditioning circuit. Thereby, a simple solution is provided for heat to be exchanged
selectively either between the fluid in the first fluid circuit and the heat source, or between
the fluid in the first fluid circuit and the fluid in the air conditioning circuit. This allows a
selective delivery of heat and cold air to the cab, depending on whether the first fluid
circuit is connected to the heat source or to the air conditioning circuit.

The objects are also reached with an arrangement according to claim 23 and a working
machine according to claim 24.
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Further advantages and advantageous features of the invention are disclosed in the
following description and in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

With reference to the appended drawings, below follows a more detailed description of

embodiments of the invention cited as examples.

In the drawings:

Fig. 1 is a side view of a working machine in the form of a wheel loader.

Fig. 2 is a diagram depicting a climate system and a cab of the wheel loader in fig. 1.

Fig. 3 and fig. 4 show a perspective view and a partially sectioned perspective view,
respectively, of a part of the climate system in fig. 2.

Fig. 5 shows a part of the cab interior of the wheel loader in fig. 1.

Fig. 6 — fig. 8 are diagrams depicting arrangements, each comprising a climate system

and a cab, in alternative embodiments of the invention.

Fig. 9 shows schematically a climate system for providing air to a cab of a vehicle
according to a further embodiment of the invention.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS OF THE INVENTION

Fig. 1 is an illustration of a vehicle in the form of a working machine 1, more specifically in
the form of a wheel loader. The wheel loader is an example of a working machine where a
climate system according to a suitable embodiment of the invention can be applied.

The wheel loader 1 has an implement 101. The term “implement” is intended to comprise
any kind of tool controlled by hydraulics, such as a bucket, a fork or a gripping tool. The
implement 101 illustrated in fig. 1 is a bucket 101 which is arranged on a load arm 102 for
lifting and lowering the bucket 101. Further the bucket can be tilted relative to the load
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arm. In the example illustrated in fig. 1, a hydraulic system of the wheel loader 1
comprises two hydraulic cylinders 103 for the operation of the load arm 102 and one
hydraulic cylinder 104 for tilting the bucket 101 relative to the load arm.

The hydraulic system of the wheel loader further comprises two hydraulic cylinders 105,
steering cylinders, arranged on opposite sides of the wheel loader 1 for turning the wheel
loader by means of relative movement of a front body part 106 and a rear body part 107.
In other words: The wheel loader 1 is articulated and frame steered by means of the
steering cylinders 105. There is a pivot joint connecting the front body part 106 and the
rear body part 107 of the wheel loader 1 such that these parts are pivotally connected to
each other for pivoting about a substantially vertical axis.

The wheel loader 1 is provided with four wheels 108, i.e. two on each body part 106, 107.
The wheel loader 1 has a propulsion system with an internal combustion engine (not
shown), arranged to drive the wheels 108 via a drivetrain including a transmission. The
engine is also arranged to drive various auxiliary devices of the wheel loader, as
exemplified below. In addition, the engine is arranged to drive a generator, in turn
arranged to provide power to electric auxiliary devices, which may be used as exemplified
below. In some alternative embodiments, the wheel loader may have an electric hybrid
propulsion system wherein the engine is connected to a generator, in turn connected to
an electric storage arrangement in the form of a battery pack. In such embodiments, the
propulsion of the wheel loader may be provided by electric motors in the hubs of the
wheels 108. It should be noted that the invention is also applicable to working machines
with other types of propulsion systems, e.g. fully electric propulsion systems.

The wheel loader further comprises a cab 2. The cab 2 is arranged to delimit a space 201.
The cab 2 is arranged to accommodate a driver of the wheel loader 1, and various control

devices for the driver’s control of the wheel loader.

Reference is made to fig. 2. The cab 2 is part of an arrangement which also includes a
climate system 3 for providing air to the cab 2. The climate system 3 comprises a first
conduit 302, a second conduit 303 and a third conduit 304. Inlet ends 305 of the second
and third conduits 303, 304 are connected to the first conduit 302. Thereby, the second
and third conduits branches off from the first conduit at a branching point 305. It should be
noted that in alternative embodiments, different numbers of conduits are provided. For
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example, there may be only one or two conduits, or more than three conduits in the
climate system 3.

The conduits 302-304 are arranged to be supplied with pressurized air as described
below. Outlet ends 312, 313, 314 of the first, second and third conduits 302-304 are
arranged inside of the cab 2, i.e. in the space 201. Outlet ends 312, 313, 314 of the first,
second and third conduits 302-304 present a first nozzle 352, a second nozzle 353 and a
third nozzle 354, respectively, described closer below. The first conduit 302 is arranged so
as to direct air towards a windshield of the cab 2. The second conduit 303 is arranged so
as to direct air towards the torso and/or face of the driver. The third conduit 304 is
arranged to direct air in a lower part of the space 201 defined by the cab 2. It should be
noted that such a distribution of air from the conduits 302-304 in the cab 2 is an example
only. The number of conduits may differ, and they may be arranged to distribute air in the

cab 2 in a variety of alternative manners.

The climate system 3 comprises a pressurized air source 324, an inlet end 315 of the first
conduit 302 being connected to the pressurized air source 324 for supplying compressed
air into the cab 2 by means of the first, second and third conduit 302-304. A portion of the
first conduit 302, between the pressurized air source 324 and the branching point 305
forms a common conduit 3021 for guiding air towards the outlet ends 312, 313, 314 of the
first, second and third conduits 302-304. It should be noted that in some embodiments,
the second and third conduits 303, 304 may branch off from the first conduit 302 at
separate locations along the first conduit 302. In alternative embodiments, inlet ends of
the second and third conduits 303, 304 may be connected directly to the pressurized air
source 324.

A valve 331 is located functionally between the pressurized air source 324 and the
branching point 305 for controlling the supply of compressed air into the cab 2. The valve
331 may be referred to as a main valve 331.

The main valve 331 may or may not be located spatially between the pressurized air
source 324 and the branching point 305. The main valve 331 may be located along the
common conduit 3021, which may be bent such that the main valve 331 is not located
spatially between the pressurized air source 324 and the branching point 305;
nevertheless in such a case the main valve 331 would still be located functionally between
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the pressurized air source 324 and the branching point 305 since the main valve controls
the communication between the pressurized air source 324 and the branching point 305.

The main valve 331 provides a central control of the air flow through all conduits 301. It
should be noted that the main valve 331 may be provided inside or outside the cab 2.
Further, the main valve 331 may be controlled by direct handling by the driver, or

remotely, e.g. via a control wire or an electric control arrangement.

The climate system 3 further comprises a first valve 332, a second valve 333, and a third
valve 334 being located functionally between the branching point 305 and the outlet end
312-314 of the first, second and third conduit 302-304, respectively. Thereby, by adjusting
the valves 332-334, the emissions of air from the first, second and third conduits 302-304
can be controlled individually by the driver or a climate system control system.

It should be noted that in some embodiments, such valves 332-334 for individual control
of the air flow in the conduits 302-304, the main valve 331 may be omitted. In other
embodiments, valves 332-334 for individual control of the air flow in the conduits 302-304
may be omitted, and there may be only a central control of the air flow through all conduits
by the main valve 331.

The pressurized air source 324 comprises an air compressor 321 which may be driven by
an electric or hydraulic motor or by the engine of the wheel loader. The air compressor
321 is arranged to receive air from the surrounding atmosphere via an air filter 322. The
compressor 321 may be of any suitable type, e.g. a piston compressor, a centrifugal

compressor, a rotary screw compressor, or a vane compressor.

The pressurized air source 324 also comprises a pressure tank 323 arranged functionally
between the air compressor 321 and the first conduit 302 so as for the pressure tank 323
to store air compressed by the air compressor 321. The compressor 321 is adapted to
compress air so as for it to present a pressure of 5-6 bar above the atmospheric pressure.
Of course other compression ratios may be possible, but preferably the air is compressed
to a pressure which is substantially above the atmospheric pressure.
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A first heat exchanger 362, a second heat exchanger 363 and a third heat exchanger 364
are located in the first, second and third nozzles 352-354, respectively, of the outlet ends
312-314 of the first, second and third conduits 302-304.

A first fluid circuit 342a-342b, a second fluid circuit 343a-343b and a third fluid circuit
344a-344b extend between a respective of the first, second and third heat exchangers
362-364 and a further heat exchanger 371. Thereby, each of the first, second and third
fluid circuits 342a-344b present a delivery conduit 342a, 343a, 344a arranged to guide a
fluid from the further heat exchanger 371 to the respective of the first, second and third
heat exchangers 362-364. Further each of the first, second and third fluid circuits 342a-
344b present a return conduit 342b, 343b, 344b arranged to guide a fluid from the
respective of the first, second and third heat exchangers 362-364 to the further heat
exchanger 371.

Each of the first, second and third fluid circuits 342a-344b is provided with a respective
pump 3421, 3431, 3441 for moving the fluid in the respective of the first, second and third
fluid circuits 342a-344b. The pumps 3421-3441 may be driven by respective electric or
hydraulic motors or by the engine of the wheel loader. Thereby, the first, second and third
heat exchangers 362-364 are arranged so as for heat to be exchanged between the air
supplied by the first, second and third conduits 302-304 from the pressurized air source
324 into the cab 2, and the fluid in the respective of the first, second and third fluid circuits
342a-344b.

Each of the first, second and third fluid circuits 342a-344b are provided with a respective
valve 3422-3442 for controlling the flow in the respective of the first, second and third fluid
circuits 342a-344b. Thereby, by adjusting the valves 3422-3442 the rate of the heat
exchange at the respective of the first, second and third heat exchangers 362-364 can be
controlled individually by the driver or a climate system control system.

In alternative embodiments, the first, second and third fluid circuits 342a-344b may be
partially or fully integrated. For example, the delivery and return conduits of the circuits
may be partially arranged as common conduits. Thereby, said valves 3422-3442 may be
replaced by a single valve located in a common part of the delivery conduits 342a, 343a,
344a or the return conduits 342b, 343b, 344b. In further alternative embodiments, the first,
second and third heat exchangers 362-364 may share a single fluid circuit 342a-342b, in
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which case a single valve could be provided to control the flow in the circuit. Also, in
embodiments, where the first, second and third fluid circuits 342a-344b are partially or
fully integrated, a single pump may be provided instead of the three pumps 3421, 3431,
3441 mentioned above.

The climate system comprises a heat source 381 arranged to communicate with the
further heat exchanger 371 via heat source conduits 382. The heat source may be e.g. a
cooling system of the engine of the wheel loader, the engine itself, a hydraulic system of
the wheel loader, or a battery pack of the wheel loader. A pump 383 is provided to move a
heat carrying fluid in the heat source conduits 382. An additional heat exchanger 384 is
arranged so as for heat to be exchanged between the fluid in the heat source conduits
382 and the heat source 381. Thereby, heat may be provided to the cab 2 via the air
supplied by the first, second and third conduits 302-304, the first, second and third heat
exchangers 362-364, the first, second and third fluid circuits 342a-344b, the further heat
exchanger 371, and the heat source 381. It should be noted that in some embodiments,
e.g. where the heat source 381 is the engine itself, the additional heat exchanger 384 may
be integrated with the heat source. For example, the heat source conduits 382 may be
integrated in the engine block, similarly to cooling circuit conduits in known engine
systems, whereby the additional heat exchanger is formed by this integration. It should
also be noted that is some embodiments, the heat source conduits 382 may form at least
parts of a cooling system for the engine or some other heat source in the vehicle.

The climate system 3 comprises an air conditioning circuit 391 arranged to communicate
with the further heat exchanger 371 via AC conduits 392. The air conditioning circuit 391
comprises, as is known per se, a compressor 393, which may be driven by an electric or
hydraulic motor or by the engine of the wheel loader. The air conditioning circuit 391 also
comprises an evaporator 394, a condenser 395 and a thermal expansion valve 396. In
some alternative embodiments, the evaporator 394 may be integrated with the further
heat exchanger 371.

By means of the connection to the air conditioning circuit 391, heat may be removed from
the air supplied to the cab 2 by the first, second and third conduits 302-304, via the first,
second and third heat exchangers 362-364, the first, second and third fluid circuits 342a-
344b, the further heat exchanger 371, and air conditioning circuit 391.
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It should be noted that the further heat exchanger 371 may be sectioned and combined
with valves so as for heat from the heat source 381 to be delivered to one or some of the
fluid circuits 342a-344b while simultaneously the fluid in the remaining of the fluid circuits
is cooled by means of the air conditioning circuit. 391. Thereby, for example, cold air may
be delivered towards the face and torso of the driver while heated air is delivered towards
the feet of the driver.

Reference is made to fig. 3 and fig. 4 showing the first nozzle 352. The second and third
nozzles 353, 354 are in this embodiment identical to the first nozzle 352. However, in

some embodiments the nozzles may be dissimilar.

A part of the first conduit 302 between the first nozzle 352 and the branching point 305
(fig. 2) is herein referred to as the branched part 3022 of the first conduit. In this
embodiment, the branched part 3022 of the first conduit presents a cross-section having
the same shape and dimensions as those of the cross-sections of the second and third
conduits 303, 304. The branched part 3022 of the first conduit presents what is herein
referred to as a transport air flow cross-sectional area, which is the area of a cross-section
of a fluid transporting interior of the branched part 3022, which cross-section is oriented
perpendicularly to the local flow direction.

As can be seen in fig. 3, the first nozzle 352 has a substantially larger cross-section than
the branched part 3022 of the first conduit. More specifically, the first nozzle 352 presents
what is herein referred to as a nozzle air flow cross-sectional area, which is the area of a
cross-section of a fluid transporting interior of the first nozzle 352, which cross-section is
oriented perpendicularly to the local general flow direction. The nozzle air flow cross-
sectional area is substantially larger than the transport air flow cross-sectional area, in this
example approximately 30 times larger. It should be noted that this area ratio is merely an
example. In advantageous embodiments, the nozzle air flow cross-sectional area is at
least five times larger than the transport air flow cross-sectional area. The ratio of the
nozzle air flow cross-sectional area and the transport air flow cross-sectional area is

preferably adapted to the air compression ratio of the pressurized air source 324.

In fig. 3 and fig. 4 the first heat exchanger 362 can be seen housed in the first nozzle 352.
Also, parts of the delivery conduit 342a and the return conduit 342b of the first fluid circuit
described above can be seen. Advantageously, the delivery conduit 342a and the return
conduit 342b are partly bundled together with a part of the first conduit 302.
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Fig. 5 illustrates with an example particular advantages of embodiments of the invention,
i.e. that the first conduit 302 may be provided as a thin and flexible hose at a steering
wheel 202 of the wheel loader. The small thickness is allowed by the compressed air.
Thereby, the first conduit will consume only a minor part of the cab interior space, and will
also allow easy installation and service due to its flexibility. In addition, the first nozzle 352
will as stated provide for a reduction of the high speed of the compressed air before it
enters the cab interior.

Fig. 6 shows an alternative embodiment of the invention where features are similar to
features in the embodiment in fig. 2, except for the following ones: The climate system 3
does not comprises any air conditioning circuit. The delivery and return conduits of the
first, second and third fluid circuits 342a-344b are partially integrated so as to present
common conduits, wherein a pump 3421 is provided in the common conduit for delivery.
The common conduits are connected to an additional heat exchanger 384 adjacent to the
heat source 381. Thereby, heat may be exchanged directly between the fluid in the fluid
circuits 342a-344b and the heat source 381 by means of the additional heat exchanger
384.

Similarly to what was said above with reference to fig. 2, the additional heat exchanger
384 may in some embodiments be integrated with the heat source 381, e.g. where the
latter is the engine of the vehicle. In some further embodiments, the first, second and third
fluid circuits 342a-344b may form at least parts of a cooling system for a heat source,
such as the engine, of the vehicle.

Fig. 7 shows a further embodiment of the invention where features are similar to features
in the embodiment in fig. 2, except for the following ones: The climate system 3 does not
present any connection to a heat source. The delivery and return conduits of the first,
second and third fluid circuits 342a-344b are partially integrated so as to present common
conduits, wherein a pump 3421 is provided in the common conduit for delivery. The
common conduits are connected to an evaporator 394 of an air conditioning circuit 391.
Thereby, heat may be exchanged directly between the fluid in the fluid circuits 342a-344b
and the air conditioning circuit 391 by means of the evaporator 394.



10

15

20

25

30

WO 2017/209663 PCT/SE2016/050503
17

Fig. 8 shows yet another embodiment of the invention where features are similar to
features in the embodiment in fig. 2, except for the following ones: Instead of the further
heat exchanger 371, a valve arrangement 372 is provided. The delivery and return
conduits of the first, second and third fluid circuits 342a-344b are partially integrated so as
to present common conduits, wherein a pump 3421 is provided in the common conduit for
delivery. The valve arrangement 372 is provided in the common conduits. The valve
arrangement 372 is arranged so as for the fluid in the fluid circuits to be selectively
directed to the heat source 381 and to the air conditioning circuit 391. The valve
arrangement 372 may be arranged to be controlled electrically by a control unit (not
shown) of the climate system 3.

It should be noted that on a cab side of the valve arrangement 372, the fluid circuits 342a-
344b may be individually connected to the valve arrangement 372. Thereby the valve
arrangement 372 may be adapted so as for heat from the heat source 381 to be delivered
to one or some of the fluid circuits 342a-344b while simultaneously the fluid in the
remaining of the fluid circuits 342a-344b is cooled by means of the air conditioning circuit.
391.

It should be noted that more generally the climate system 3 for providing air to a cab of a
vehicle, does not necessarily need to include a plurality of conduits as in the embodiments
described with reference to fig. 1 —fig. 8. Fig. 9 shows schematically an embodiment of a
climate system 3 comprising a first conduit 302, an outlet end 312 of the first conduit
being adapted to be arranged inside of a cab 2. The climate system 3 comprises a
pressurized air source 324, an inlet end 315 of the first conduit 302 being connected to
the pressurized air source 324 for supplying compressed air into the cab 2 by means of
the first conduit 302.

As stated, the invention is not only applicable to working machines, but can be used for
other vehicle types such as trucks, buses and cars. It is understood that in some
embodiments, the cab may be arranged to be occupied by a plurality of persons. These

persons may include, in addition to a vehicle driver, one or more passengers.

It is to be understood that the present invention is not limited to the embodiments
described above and illustrated in the drawings; rather, the skilled person will recognize
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that many changes and modifications may be made within the scope of the appended

claims.
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CLAIMS

. A climate system (3) for providing air to a cab (2) of a vehicle, the climate system

comprising a first conduit (302), an outlet end (312) of the first conduit being
adapted to be arranged inside of the cab (2), characterized in that the climate
system comprises a pressurized air source (324), an inlet end (315) of the first
conduit (302) being connected to the pressurized air source (324) for supplying
compressed air into the cab (2) by means of the first conduit (302).

. Aclimate system according to claim 1, characterized in that the pressurized air

source (324) is arranged to compress air so as for it to present a pressure of at
least 1 bar above the atmospheric pressure.

. Aclimate system according to any one of the preceding claims, characterized in

that the pressurized air source (324) is arranged to compress air so as for it to
present a pressure of at least 3 bars above the atmospheric pressure.

. Aclimate system according to any one of the preceding claims, characterized in

that the pressurized air source (324) is arranged to receive air and to compress
the received air so as for it to present a pressure of at least 1 bar above the

pressure of the air when received.

. Aclimate system according to any one of the preceding claims, characterized in

that a valve (331-334) is provided functionally between the pressurized air source
(324) and the outlet end (312) of the first conduit for controlling the supply of
compressed air into the cab (2).

. Aclimate system according to any one of the preceding claims, characterized in

that the climate system comprises a second conduit (303, 304), an inlet end (305)
of the second conduit being connected to the pressurized air source (324) or the
first conduit, an outlet end (313-314) of the second conduit being adapted to be
arranged inside of the cab.

A climate system according to claims 5 and 6, characterized in that the second
conduit branches off from the first conduit at a branching point (305), the valve
(331) being located functionally between the pressurized air source (324) and the
branching point (305).
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A climate system according to any one of claims 6-7, characterized in that the
climate system comprises a first valve (332) being located functionally between
the inlet end (315) and the outlet end (312) of the first conduit (302), or, where the
second conduit branches off from the first conduit at a branching point (305),
between the branching point (305) and the outlet end (312) of the first conduit
(302).

A climate system according to any one of claims 6-8, characterized in that the
climate system comprises a second valve (333, 334) being located functionally
between the inlet end (305) and the outlet end (313, 314) of the second conduit
(303, 304).

A climate system according to any one of the preceding claims, characterized in
that the pressurized air source (324) comprises an air compressor (321).

A climate system according to claim 10, characterized in that the pressurized air
source (324) comprises a pressure tank (323) arranged functionally between the
air compressor (321) and the first conduit (302) so as for the pressure tank (323)
to store air compressed by the air compressor (321).

A climate system according to any one of the preceding claims, characterized in
that the first conduit (302) presents a transport air flow cross-sectional area, the
first conduit (302) comprising a first nozzle (352) forming the outlet end (312), the
first nozzle (352) presenting a nozzle air flow cross-sectional area being
substantially larger than the transport air flow cross-sectional area.

A climate system according to claim 12, characterized in that the nozzle air flow
cross-sectional area is at least five times larger than the transport air flow cross-

sectional area.

A climate system according to any one of claims 12-13, characterized in that the
climate system comprises a second conduit (303, 304), an outlet end (313, 314) of
the second conduit being adapted to be arranged inside of the cab (2), an inlet end
(305) of the second conduit (303, 304) being connected to the pressurized air
source (324) or the first conduit (302) so as for the second conduit (303, 304) to
supply compressed air into the cab (2), the second conduit (303, 304) presenting a
transport air flow cross-sectional area, the second conduit (303, 304) comprising a
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second nozzle (353, 354) forming the outlet end (313, 314) of the second conduit
(303, 304), the second nozzle (353, 354) presenting a nozzle air flow cross-
sectional area being substantially larger than the transport air flow cross-sectional
area of the second conduit (303, 304).

A climate system according to any one of the preceding claims, characterized in
that the climate system comprises a first fluid circuit (342a-342b) and a first heat
exchanger (362) arranged so as for heat to be exchanged between the air
supplied by the first conduit (302) from the pressurized air source (324) into the
cab (2), and a fluid in the first fluid circuit (342a-342b).

A climate system according to claim 15, characterized in that the first heat
exchanger (362) is located at the outlet end (312) of the first conduit (302).

A climate system according to any one of claims 15-16 and any one of claims 12-
14, characterized in that the first heat exchanger (362) is located inside the first
nozzle (352).

A climate system according to any one of claims 15-17, characterized in that the
climate system comprises a second conduit (303, 304), an outlet end (313, 314) of
the second conduit being adapted to be arranged inside of the cab (2), an inlet end
(305) of the second conduit (303, 304) being connected to the pressurized air
source (324) or the first conduit (302) so as for the second conduit (303, 304) to
supply compressed air into the cab (2), the climate system comprising a second
heat exchanger (363, 364) arranged so as for heat to be exchanged between the
air supplied by the second conduit (303, 304) into the cab (2), and the fluid in the
first fluid circuit (342a, 342b) or a fluid in a second fluid circuit (343a-344b) of the
climate system.

A climate system according to any one of claims 15-18, characterized in that the
climate system comprises a further heat exchanger (371) and also a heat source
(381) and/or an air conditioning circuit (391), the further heat exchanger (371)
being arranged so as for heat to be exchanged between on one hand the fluid in
the first fluid circuit (342a-342b) and on the other hand a fluid in a further circuit
connected to the heat source (381) and/or a fluid in the air conditioning circuit
(391).
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20. A climate system according to any one of claims 15-18, characterized in that the
climate system comprises a heat source (381), the climate system being arranged
so as for heat to be exchanged between the fluid in the first fluid circuit (342a-
342b) and the heat source (381).

21. A climate system according to any one of claims 15-18 or claim 20, characterized
in that the climate system comprises an air conditioning circuit (391), the climate
system being arranged so as for heat to be exchanged between the fluid in the
first fluid circuit (342a-342b) and the air conditioning circuit (391).

22. A climate system according to any one of claims 15-18 and any one of claims 20-
21, characterized in that the climate system comprises a valve arrangement (372)
and also a heat source (381) and an air conditioning circuit (391), the valve
arrangement being arranged so as for the fluid in the first fluid circuit (342a-342b)
to be selectively directed to the heat source (381) and to the air conditioning circuit
(391).

23. An arrangement comprising a climate system (3) according to any one of the
preceding claims and a cab (2), the outlet end (312) of the first conduit (302) being
located inside the cab (2).

24. A working machine comprising an arrangement according to claim 23.
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