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VAPOR COMPRESSION SYSTEM FOR HEATING
AND COOLING OF VEHICLES

FIELD OF THE INVENTION

[0001] The present invention relates to reversible vapor
compression system for heating and comfort cooling of a
vehicle cabin or passenger compartment, including at least
a compressor, a flow reversing device, an interior heat
exchanger, a multi-function expansion device, an internal
heat exchanger, an exterior heat exchanger, another multi-
function expansion device, an auxiliary heat exchanger
through which a coolant is circulated and an accumulator
connected in an operational relationship to form a closed
main circuit. The system is operating under trans-critical or
sub-critical conditions using any refrigerant and in particular
carbon dioxide. More specifically the system is related to
reversible refrigeration/heat pump systems for vehicles
operating with electrical, internal combustion or hybrid
drive systems.

DESCRIPTION OF PRIOR ART

[0002] In reversible vapor compression systems for
mobile applications, it is desirable to use waste heat from the
drive system of the vehicle, and/or from ambient air, as a
heat source for the vapor compression system when it is
operated in heat pump mode. The vehicle drive system may
have one or more engines, electric motors, fuel cells, power
electronics units and/or batteries, all of which may give off
waste heat.

[0003] Patent, DE19813674C1, discloses a reversible heat
pump system for automobiles where exhaust gas from the
internal combustion engine is used as heat source. The
disadvantage of this system is the possibility of oil decom-
position in the exhaust gas heat recovery heat exchanger
(when not in use) as the temperature of the exhaust gas is
relatively high. Another disadvantage is the corrosion prob-
lems that may occur on the exhaust-side in the heat recovery
heat exchanger. A third disadvantage is the considerable size
of the exhaust/refrigerant heat exchanger, and its vulnerable
position under the vehicle. A fourth disadvantage of this
system is that the pressure in the high side of the circuit
cannot be controlled when the circuit is operated in heat
pump mode. This may give operational problems such as
insufficient capacity and low efficiency. Finally, a fifth
disadvantage of this system is the absence of an internal heat
exchanger in the circuit. Without this heat exchanger, the
system will not achieve maximum capacity and efficiency in
cooling-mode operation at high ambient temperature.

[0004] Additionally a patent application, DE19806654,
describes a reversible heat pump system for motor vehicle
powered by an internal combustion engine, where the engine
coolant system is used as heat source. The disadvantage of
this system is that it can only absorb heat from the engine
coolant circuit, and at start-up, this may delay the heating-up
time of the engine coolant and the engine itself. Conse-
quently, the engine needs more time to reach normal tem-
perature, with increased pollutant emission and fuel con-
sumption as a likely result. In addition, the system may have
to operate with extremely low evaporating temperature at
start-up. Another disadvantage with this system is the inabil-
ity to provide dehumidification of the passenger compart-
ment air in heat pump mode, which may give reduced
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windshield defogging or defrosting effect compared to a
system with dehumidification options.

SUMMARY OF THE INVENTION

[0005] The present invention introduces a new improved
vapor compression system for vehicle comfort cooling and
heating where the said system can utilize waste heat both
from the vehicle drive system and from ambient air as a heat
source in heating mode, and as heat sink in cooling mode.
The invention is characterized by the features as defined in
the attached independent claim 1.

[0006] In some of its embodiments, as defined in the
dependent claims 2-18, the system can offer dehumidifica-
tion in heat pump mode. The system is primarily intended
for (but not limited to) use in vehicles having a coolant fluid
circuit that exchanges heat with an internal combustion
engine, an electric motor or a hybrid drive system.

[0007] The system can supply heat to the engine coolant
circuit through the auxiliary heat exchanger for more rapid
engine heating and to reduce the heat load on the exterior
heat exchanger when the system is operated in cooling
mode. When operating in heat pump mode the system can
use the coolant system fully or partially as a heat source. The
reversing process from heat pump to cooling mode opera-
tion, and vice versa, can be performed by means of a flow
reversing device and two multi-function expansion devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The invention is described in more details by way
of examples and by reference to the following figures,
where:

[0009] FIG. 1 is schematic representation of the First
embodiment in heat pump mode operation.

[0010] FIG. 2 is schematic representation of the First
embodiment in cooling mode operation

[0011] FIG. 3 is schematic representation of the Second
embodiment in heat pump mode operation.

[0012] FIG. 4 is schematic representation of the Second
embodiment in cooling mode operation

[0013] FIG. 5 is schematic representation of the Third
embodiment in heat pump mode operation.

[0014] FIG. 6 is schematic representation of the Third
embodiment in cooling mode operation.

[0015] FIG. 7 is schematic representation of the Fourth
embodiment in heat pump mode operation.

[0016] FIG. 8 is schematic representation of the Fourth
embodiment in cooling mode operation.

[0017] FIG. 9 is schematic representation of the Fifth
embodiment in heat pump mode operation.

[0018] FIG. 10 is schematic representation of the Fifth
embodiment in cooling mode operation.

[0019] FIG. 11 is schematic representation of the Sixth
embodiment in heat pump mode operation.

[0020] FIG. 12 is schematic representation of the Sixth
embodiment in cooling mode operation.
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[0021] FIG. 13 is schematic representation of the Seventh
embodiment in heat pump mode operation.

[0022] FIG. 14 is schematic representation of the Seventh
embodiment in cooling mode operation.

[0023] FIG. 15 is schematic representation of the Eighth
embodiment in heat pump mode operation.

[0024] FIG. 16 is schematic representation of the Eighth
embodiment in cooling mode operation.

[0025] FIG. 17 is schematic representation of the Ninth
embodiment in heat pump mode operation.

[0026] FIG. 18 is schematic representation of the Ninth
embodiment in cooling mode operation.

[0027] FIG. 19 is schematic representation of the Tenth
embodiment in heat pump mode operation.

[0028] FIG. 20 is schematic representation of the Tenth
embodiment in cooling mode operation.

[0029] FIG. 21 is schematic representation of the Elev-
enth embodiment in heat pump mode operation.

[0030] FIG. 22 is schematic representation of the Elev-
enth embodiment in cooling mode operation.

[0031] FIG. 23 is schematic representation of the Twelfth
embodiment in heat pump mode operation.

[0032] FIG. 24 is schematic representation of the Twelfth
embodiment in cooling mode operation.

[0033] FIG. 25 is schematic representation of the Thir-
teenth embodiment in heat pump mode operation.

[0034] FIG. 26 is schematic representation of the Thir-
teenth embodiment in cooling mode operation.

[0035] FIG. 27 is schematic representation of the Four-
teenth embodiment in heat pump mode operation.

[0036] FIG. 28 is schematic representation of the Four-
teenth embodiment in cooling mode operation.

[0037] FIG. 29 is schematic representation of the Fif-
teenth embodiment in heat pump mode operation.

[0038] FIG. 30 is schematic representation of the Fif-
teenth embodiment in cooling mode operation.

[0039] FIG. 31 is schematic representation of the Six-
teenth embodiment in heat pump mode operation.

[0040] FIG. 32 is schematic representation of the Six-
teenth embodiment in cooling mode operation.

[0041] FIG. 33 is schematic representation of the Seven-
teenth embodiment in heat pump mode operation.

[0042] FIG. 34 is schematic representation of the Seven-
teenth embodiment in cooling mode operation.

DETAILED DESCRIPTION OF THE
INVENTION

[0043] The disclosed vapor compression system is
intended for (but not limited to) use in vehicles, i.e. transport
means such as automobiles, trains, trucks, buses and aircraft,
where there is a need for cooling or heating for comfort
purposes, and where some waste heat is available from the
drive system that may serve as a heat source when the vapor
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compression system is operated in heat pump mode. The
vehicle drive system may include one or more of the
following components: internal combustion engine, engine
of other type, electric motor, fuel cells, batteries, and power
electronic systems, all of which need to reject some waste
heat during operation. In the disclosed system it is assumed
that the drive system components reject heat through a
coolant circuit where a coolant fluid is circulated through the
drive system. The coolant circuit may use a single-phase
fluid (liquid or gas) or it may use a two-phase fluid. Usually,
the coolant system also contains a radiator where heat can be
rejected to ambient air. The disclosed vapor compression
system consists of a refrigerant circuit containing an interior
heat exchanger, an exterior heat exchanger, an auxiliary heat
exchanger through which the coolant fluid is circulated, an
internal heat exchanger which exchanges heat inside the
refrigerant circuit, an accumulator, a compressor, and flow-
controlling devices. The interior heat exchanger absorbs
heat from the passenger compartment or cabin in comfort
cooling mode, and transfers heat to the passenger compart-
ment or cabin in heating mode. Heat may either be trans-
ferred directly to/from the passenger compartment/cabin air
that is circulated through the interior heat exchanger, or heat
may be transferred indirectly through a secondary fluid. The
exterior heat exchanger absorbs heat from the ambient air in
heat pump mode, and rejects heat to ambient air in comfort
cooling mode. Heat may either be transferred directly
to/from ambient air that is circulated through the exterior
heat exchanger, or heat may be transferred indirectly
through a secondary fluid.

[0044] When the vehicle is started from cold conditions in
low ambient temperature, it is desirable to have a rapid
heating up of the passenger compartment/cabin, and the
drive system components should also reach normal operat-
ing temperature as fast as possible. In order to achieve this,
the disclosed system absorbs heat from ambient air through
the exterior heat exchanger in the initial period of operation
after start-up in heat pump mode. The drive system com-
ponents are thus allowed to reach normal temperature
quickly, since no heat is taken from the coolant circuit. In
fact, the added load on the drive system due to the heat pump
compressor power requirements makes the temperature of
the components and the coolant fluid rise more rapidly. Heat
is supplied to the passenger compartment/cabin by the heat
pump through the interior heat exchanger. When the drive
system components and the coolant circuit temperatures
have reached a suitable temperature level, the heat pump
operation is changed into using coolant as a heat source
instead, by absorbing heat from the coolant circuit through
the auxiliary heat exchanger. Eventually, the heat pump may
be switched off and the cabin/passenger compartment heated
directly by the coolant circuit through a separate heat
exchanger (heater core). It is also possible to operate the heat
pump system by a combination of ambient air and coolant as
heat sources, and to heat the passenger compartment/cabin
by a combination of interior heat exchanger and heater core.
In some embodiments of the system, the interior heat
exchanger can offer bi-functionality in heat pump mode, in
that part of the heat exchanger is used to dehumidify the air
by cooling it, whereas the remaining part of the interior heat
exchanger serves as an air heater.

[0045] When the vehicle is started in high ambient tem-
perature, it is desired to reduce the passenger compartment/
cabin air temperature as quickly as possible, and the vapor
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compression system is then operated in comfort cooling
mode. Heat is now absorbed from the passenger compart-
ment/cabin air through the interior heat exchanger. If the
coolant fluid and drive system temperature is lower than the
desired level at start-up, waste heat from the vapor com-
pression system may be given off to the coolant circuit
through the auxiliary heat exchanger. This heat input to the
coolant circuit may allow the drive system components to
reach optimum operation temperature more rapidly. Heat
may also be rejected from the vapor compression system to
the coolant circuit when the drive system components are at
their normal temperature level. By reducing heat load on the
exterior heat exchanger in this way, the vapor compression
system capacity and efficiency may be improved. This mode
of operation of course depends on sufficient heat rejection
capacity in the coolant circuit radiator. The distribution of
heat input between the auxiliary heat exchanger and the
exterior heat exchanger can be controlled by bypass arrange-
ments and flow-control devices.

[0046] The vapor compression circuit is switched between
heat pump mode and comfort cooling mode, and between
varying modes of heat absorption and heat rejection, by
using flow-reversing devices, flow-diverting devices, and
multi-function expansion devices. The flow-reversing
devices may be four-way valves, combinations of three-way
valves, or other flow arrangements providing reversing of
the flow direction in the circuit. The flow-diverting devices
may be three-way valves, combinations of ordinary valves,
or other flow arrangements providing diversion of flow
between two branches in the flow circuit. The multi-function
expansion devices provide refrigerant expansion in one
direction and unrestricted flow in one or both directions,
depending on the mode of operation. The multi-function
expansion devices may include any combination of throt-
tling means, expansion machines or turbines with or without
work recovery, and flow control means.

1. FIRST EMBODIMENT

[0047] The First embodiment of the present invention for
areversible vapor compression cycle is shown schematically
in FIG. 1 in heat pump mode and FIG. 2 for comfort cooling
operation. In accordance with the present invention, the
device includes a compressor 1, a flow-reversing device 6,
an interior heat exchanger 2, a multi-function expansion
device 9, an internal heat exchanger 4, an exterior heat
exchanger 3, another multi-function expansion device 8, an
auxiliary heat exchanger 7 and an accumulator 5. The
system operation in heat pump and cooling mode is
described with reference to FIG. 1 and FIG. 2 respectively.

[0048] Heat Pump Operation (FIG. 1):

[0049] When the system is running as heat pump, the
compressed refrigerant after the compressor flows first
through a flow-reversing device 6 that is in heating mode.
The refrigerant then enters the interior heat exchanger 2,
giving off heat to the heat sink (cabin/passenger compart-
ment air, or secondary fluid) before passing through the
multi-function expansion device 9 which is open, i.e. the
pressure before and after is basically the same. The high-
pressure refrigerant then passes through the internal heat
exchanger 4 where its temperature (enthalpy) is reduced by
exchanging heat with low-pressure refrigerant. The cooled
high-pressure refrigerant then enters exterior heat exchanger
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3 before its pressure is reduced to the evaporation pressure
by the multi-function expansion device 8. The low-pressure
refrigerant enters the auxiliary heat exchanger 7 where it
evaporates by absorbing heat. The amount of heat absorbed
in the auxiliary heat exchanger 7 and exterior heat exchanger
3 can be controlled by controlling coolant fluid and/or air
flow rate respectively. The refrigerant then passes through
the flow-reversing device 6, the low-pressure accumulator §
and the internal heat exchanger 4 respectively, before it
enters the compressor, completing the cycle.

[0050] Cooling Mode Operation (FIG. 2):

[0051] The flow-reversing device 6 will now be in cooling
mode operation such that the interior heat exchanger 2 acts
as evaporator while the exterior heat exchanger 3 act as heat
rejector (condenser/gas cooler). In this mode, the com-
pressed gas after compressor 1 passes through the flow-
reversing device 6 before entering auxiliary heat exchanger
7. Depending on whether auxiliary heat exchanger 7 is in
operation (for example during start-up period in order to get
the engine temperature up to normal temperature which can
reduce the emission of undesired gases which is typical for
internal combustion engine), the high-pressure refrigerant
can be cooled down before it passes through the multi-
function expansion device 8 without substantial pressure
reduction (the pressure before and after remains basically
constant). The high-pressure refrigerant then enters the
exterior heat exchanger 3 where it is cooled down by giving
off heat to the heat sink. The refrigerant is further cooled
down in the internal heat exchanger 4 before its pressure is
reduced to evaporation pressure by the multi-function
expansion device 9. The low-pressure refrigerant evaporates
by absorbing heat in the internal heat exchanger 2. The
refrigerant then passes through the flow-reversing device 6,
accumulator 5 and the internal heat exchanger 4 respec-
tively, before it enters the compressor 1, completing the
cycle.

2. SECOND EMBODIMENT

[0052] The second embodiment is shown schematically in
FIG. 3 and FIG. 4 in heat pump and cooling mode respec-
tively. The main difference between this embodiment and
the First embodiment is the presence of a bypass conduit 24
providing a valve 12 which add the option to bypass the
exterior heat exchanger 3 if needed.

3. THIRD EMBODIMENT

[0053] FIG. 5 and FIG. 6 show schematic representation
of this embodiment in heat pump and cooling mode opera-
tion respectively. Compared to the First embodiment, it has
an additional conduit and flow-diverting device 19 for
bypassing the internal heat exchanger 4. It is also possible to
provide a bypass conduit 25 in order to bypass the exterior
heat exchanger 3 as in the Second embodiment. Under very
low ambient (heat source) temperature (low evaporation
temperature), it might be desirable to avoid too high dis-
charge temperature. In such cases, the refrigerant after the
multi-function expansion device 9 is totally or partially
diverted by the flow-diverting device 19 in order to bypass
the internal heat exchanger 4. The reversing process from
heating mode to cooling mode operation is performed by
using the two multi-function expansion devices 8 and 9 as
described in the First embodiment.
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4. FOURTH EMBODIMENT

[0054] The Fourth embodiment is shown schematically in
FIG. 7 and FIG. 8 in heat pump and cooling mode respec-
tively. The main difference between this embodiment and
the First embodiment is the presence of a bypass conduit 28
providing a valve 12 which add the option to bypass the
auxiliary heat exchanger 7 if needed.

5. FIFTH EMBODIMENT

[0055] FIG. 9 and FIG. 10 show schematic representation
of this embodiment in heat pump and cooling mode opera-
tion respectively. Compared to the First embodiment, it has
an additional multi-function expansion device 9' which is
placed between the exterior heat exchanger 3 and internal
heat exchanger 4. This embodiment represents an improve-
ment of the First embodiment since the presence of the
multi-function expansion device 9' between the exterior heat
exchanger 3 and internal heat exchanger 4 add new flex-
ibility to the system. In heat pump mode, one can choose to
expand the refrigerant after the multi-function expansion
device 9' which makes the exterior heat exchanger 3 func-
tion as heat absorber (evaporator) or to run the said heat
exchanger and the auxiliary heat exchanger 7 at different
evaporation temperature. This can be done by first reducing
the pressure of the refrigerant to the (first) evaporation
temperature in the exterior heat exchanger 3 by the multi-
function expansion device 9' and then reducing the refrig-
erant pressure by the multi-function expansion device 8 to
the (second and lower) evaporation temperature in the
auxiliary heat exchanger 7. It will also be possible for the
refrigerant to flow through the said expansion device 9'
without any substantial pressure reduction such that the
refrigerant can give off heat to the exterior heat exchanger 3
before its pressure is reduced by the multi-function expan-
sion device 8. The low-pressure refrigerant then enters the
auxiliary heat exchanger 7, which function as heat absorber
(evaporator).

6. SIXTH EMBODIMENT

[0056] FIG. 11 and FIG. 12 show schematic representa-
tion of this embodiment in heat pump and cooling mode
operation respectively. Compared to the First embodiment,
the multi-function expansion valve 8 is moved to the oppo-
site side of the exterior heat exchanger 3. As a result, the
exterior heat exchanger 3 will function as evaporator in
heating mode. This can be beneficial in situations where the
system can use the ambient air as heat source during start-up
until the engine temperature can reach normal operating
temperature, after which, the excess heat from engine cool-
ing system can be used as heat source. The reversing process
from heating mode to cooling mode operation is performed
by using the two multi-function expansion devices 8 and 9
as described in the First embodiment. In cooling mode
operation, the pressure reduction will be carried out by the
multi-function expansion device 9 as in the First embodi-
ment.

7. SEVENTH EMBODIMENT

[0057] FIG. 13 and FIG. 14 show schematic representa-
tion of this embodiment in heat pump and cooling mode
operation respectively. Compared to the Sixth embodiment
the auxiliary heat exchanger 7 is in a separate conduit branch
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26 coupled in parallel relative to the exterior heat exchanger
3 by using an additional multi function expansion device 20
provided in a bypass conduit. The system operation in heat
pump and cooling mode is described with reference FIG. 13
and FIG. 14 respectively.

[0058] Heat Pump Operation (FIG. 13):

[0059] When the system is running as heat pump, the
compressed refrigerant after the compressor flows first
through a flow-reversing device 6 that is in heating mode.
The refrigerant then enters the interior heat exchanger 2,
giving off heat to the heat sink before passing through the
multi-function expansion device 9 which is open, i.e. the
pressure before and after is basically the same. The high-
pressure refrigerant then passes through the internal heat
exchanger 4 where its temperature (enthalpy) is reduced by
exchanging heat with low-pressure refrigerant. The cooled
high-pressure refrigerant after internal heat exchanger can
then be divided into two branches. If needed, some of the
refrigerant is diverted toward auxiliary heat exchanger 7
provided in parallel with the exterior heat exchanger 3. The
pressure of the said refrigerant is then reduced to evapora-
tion pressure before said auxiliary heat exchanger 7 by the
additional multi function expansion device 20. The refrig-
erant from the auxiliary heat exchanger 7 is then directed
into the inlet of the accumulator 5. The rest of the cooled
high-pressure refrigerant flows through the multi-function
expansion device 8 by which its pressure is reduced to the
evaporation pressure. The low-pressure refrigerant then
enters exterior heat exchanger 3 where it evaporates by
absorbing heat. The refrigerant then passes through the
flow-reversing device 6 before or after it is mixed with any
refrigerant from auxiliary heat exchanger 7 and enters the
accumulator 5. The refrigerant then flows through the inter-
nal heat exchanger 4 before it enters the compressor 1,
completing the cycle.

[0060] Cooling Mode Operation (FIG. 14):

[0061] The flow-reversing device 6 will now be in cooling
mode operation such that the interior heat exchanger 2 acts
as evaporator while the exterior heat exchanger 3 as heat
rejecter (condenser/gas cooler). In this mode, the com-
pressed gas after compressor 1 passes through the flow-
reversing device 6 before entering the exterior heat
exchanger 3 where it is cooled down by giving off heat
before it passes through the multi-function expansion device
8 without throttling (the pressure before and after remains
basically constant). It will be also possible to give off some
heat in the auxiliary heat exchanger 7 by diverting some
refrigerant through the multi function expansion device 20.
The high-pressure refrigerant is further cooled down in the
internal heat exchanger 4 before its pressure is reduced to
evaporation pressure by the multi-function expansion device
9. The low-pressure refrigerant evaporates by absorbing heat
in the internal heat exchanger 2. The refrigerant then passes
through the flow-reversing device 6 before it is mixed with
any of the refrigerant from the auxiliary heat exchanger 7
before it enters the accumulator 5. The refrigerant then
passes the internal heat exchanger 4 before it enters the
compressor 1, completing the cycle.

8. EIGHTH EMBODIMENT

[0062] The Eighth embodiment is shown schematically in
FIG. 15 in heat pump mode and FIG. 16 in cooling mode
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operation. Compared to the Seventh embodiment, this
embodiment represents a two stage compression system
where the refrigerant from the auxiliary heat exchanger 7 is
directed to the discharge side of the first stage compressor 1
through a circuit loop 22 before it is compressed by the
second stage compressor 1". As a result, the evaporation
pressure in the auxiliary heat exchanger 7 will be indepen-
dent and it will correspond to the intermediate pressure (the
pressure after the first stage compressor 1). The reversing
process from heating mode to cooling mode operation is
performed as described in the Seventh embodiment.

9. NINTH EMBODIMENT

[0063] The Ninth embodiment is shown schematically in
FIG. 17 in heat pump mode and FIG. 18 in cooling mode
operation. Compared to the Eighth embodiment this
embodiment has an additional inter-cooling heat exchanger
19 provided in an additional circuit loop 23 which at one end
is connected to the circuit loop 22 prior to the auxiliary heat
exchanger 7 and at the other end to the circuit loop 22 after
the heat exchanger 7 and a valve 21 provided in the circuit
loop 22 between the expansion device 20 and the auxiliary
heat exchanger 7. In heating mode the valve 21 will be open
and some of the refrigerant after the expansion device 20 is
diverted to the inter-cooling heat exchanger 19 where the
said refrigerant is evaporated in heat exchange with high
pressure after internal heat exchanger 4. In cooling mode the
valve 21 will be closed and refrigerant after expansion
device 20 will flow through the inter-cooling heat exchanger
19 where it evaporates in heat exchange with high pressure
refrigerant after the multi-function expansion device 8. In
both cases, it results in de-superheating of the discharge gas
after first stage compressor 1 that results in lower specific
work of compression and better system performance. The
reversing process from heating mode to cooling mode
operation is performed as described in the Eighth embodi-
ment .

10. TENTH EMBODIMENT

[0064] The Tenth embodiment is shown schematically in
FIG. 19 in heat pump mode and FIG. 20 in cooling mode
operation. Compared to the First embodiment, the only
difference is the location of the multi-function expansion
valve 9 where in this embodiment it is placed between the
exterior heat exchanger 3 and the internal heat exchanger 4.
It is also possible to provide a bypass conduit in order to
bypass the exterior heat exchanger 3 as in the Second
embodiment. In heat pump mode, expansion may thus take
place in multi-function expansion device 9 to absorb heat in
the exterior heat exchanger 3, or expansion may take place
in multi-function expansion device 8 to absorb heat in the
auxiliary heat exchanger 7. In the latter case it would be
possible to bypass the exterior heat exchanger 3 using a
bypass conduit (not shown in the figure) as in the Second
embodiment. Thus, the heat source may be ambient air
during start-up, and then switched to engine coolant when
the coolant temperature has reached an acceptable level.
During cooling mode operation, the pressure on both sides
of the internal heat exchanger 4 will be basically the same
with no temperature driving force for exchange of heat. As
a result, the internal heat exchanger 4 will be active only in
one operational mode, either cooling mode or heat pump
operation. The reversing process is performed as in the First
embodiment.

May 19, 2005

11. ELEVENTH EMBODIMENT

[0065] FIG. 21 and FIG. 22 show schematic representa-
tion of this embodiment in heat pump and cooling mode
operation respectively. Compared to the First embodiment,
it incorporate an additional dehumidification heat exchanger
2' provided in a third circuit loop 25 which at one end is
connected to the main circuit between the flow reversing
device 6 and auxiliary heat exchanger 7 and at the other end
is connected between the internal heat exchanger 4 and
interior heat exchanger 2, two check valves 11 and 11'
provided in a fourth circuit loop 24 between the main circuit
and the third circuit loop 25, and a valve 10 (for example
solenoid valve) provided in the third circuit loop 25. The
system operation in heat pump and cooling mode is
described with reference to FIG. 21 and FIG. 22 respec-
tively.

[0066] Heat Pump Operation (FIG. 21):

[0067] In heat pump mode operation, the compressed
refrigerant after the compressor flows first through the
flow-reversing device 6 that is in heating mode. The refrig-
erant then enters the interior heat exchanger 2, giving off
heat to the heat sink. The high-pressure refrigerant passes
through the check valve 11 and the then through the internal
heat exchanger 4 where its temperature (enthalpy) is reduced
by exchanging heat with low-pressure refrigerant. The
cooled high-pressure refrigerant then enters exterior heat
exchanger 3 before its pressure is reduced to the evaporation
pressure by the multi-function expansion device 8. It would
also be possible to bypass the exterior heat exchanger 3
using a bypass conduit (not shown in the figure) as in the
Second embodiment. The low-pressure refrigerant enters the
auxiliary heat exchanger 7 where it evaporates by absorbing
heat. When the dehumidification heat exchanger 2' is on,
some of the high-pressure refrigerant after the check valve
11 is bled off by the multi-function expansion device 9 into
the dehumidification heat exchanger 2' where it is evapo-
rated, thereby dehumidifying the interior air. The low-
pressure refrigerant passes through the valve 10 that is open
and is mixed with refrigerant from the auxiliary heat
exchanger 7. The refrigerant then passes through the flow-
reversing device 6, accumulator 5 and the internal heat
exchanger 4 respectively, before it enters the compressor,
completing the cycle.

[0068] Cooling Mode Operation (FIG. 22):

[0069] The flow-reversing device 6 will now be in cooling
mode operation such that the interior heat exchanger 2 and
the dehumidification heat exchanger 2' together act as
evaporator while the exterior heat exchanger 3 as heat
rejecter (condenser/gas cooler). In this mode, the com-
pressed gas after compressor 1 passes through the flow-
reversing device 6 before entering auxiliary heat exchanger
7. Depending on whether auxiliary heat exchanger 7 is in
operation the high-pressure refrigerant can be cooled down
before it passes through the multi-function expansion device
8 without throttling (the pressure before and after remains
basically constant). The high-pressure refrigerant then enters
the exterior heat exchanger 3 where it is cooled down by
giving off heat. The refrigerant is further cooled down in the
internal heat exchanger 4 before its pressure is reduced to
evaporation pressure by the multi-function expansion device
9. The low-pressure refrigerant evaporates by absorbing heat
first in the dehumidification heat exchanger 2'. It then passes
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through check valve 11' (valve 10 is closed) before it is
further evaporated in the interior heat exchanger 2. The
refrigerant then passes through the flow-reversing device 6,
accumulator 5 and the internal heat exchanger 4 respec-
tively, before it enters the compressor, completing the cycle.

12. TWELFTH EMBODIMENT

[0070] The Twelfth embodiment is shown schematically
in FIG. 23 in heat pump mode and FIG. 24 in cooling mode
operation. Compared to the Sixth embodiment, it incorpo-
rate an additional dehumidification heat exchanger 2' as for
the tenth embodiment, but the one end of the interior heat
exchanger is now connected with the main circuit through a
conduit 27 between the exterior heat exchanger 3 and the
internal heat exchanger 4 and the dehumidification heat
exchanger 2'is connected with the internal heat exchanger 4.
In addition to the check valve 11' provided in the fourth
circuit loop 24, a check valve 11" is provided in the conduit
27.

[0071] Interms of operation and compared to the Eleventh
embodiment, the only difference is the location of the
multi-function expansion valve 9 where in this embodiment
it is placed between the exterior heat exchanger 3 and the
internal heat exchanger 4. In heat pump mode, expansion
may thus take place in multi-function expansion device 9 to
absorb heat in the exterior heat exchanger 3, or expansion
may take place in multi-function expansion device 8 to
absorb heat in the auxiliary heat exchanger 7 in which case
it would be possible to bypass the exterior heat exchanger 3
using a bypass conduit (not shown in the figure) as in the
First embodiment. Thus, the heat source may be ambient air
during start-up, and then switched to engine coolant when
the coolant temperature has reached an acceptable level.
During cooling mode operation, the pressure on both sides
of the internal heat exchanger 4 will be basically the same
with no temperature driving force for exchange of heat. As
a result, the internal heat exchanger 4 will be active only in
one operational mode, either cooling mode or heat pump
operation. The reversing process from heat pump mode to
cooling mode operation is performed as described in the
Eleventh embodiment.

13. THIRTEENTH EMBODIMENT

[0072] FIG. 25 and FIG. 26 show schematic representa-
tion of this embodiment in heat pump and cooling mode
operation respectively. Compared to Eleventh embodiment,
the only difference is the addition of a by-pass valve 12,
which enables the refrigerant to by-pass the auxiliary heat
exchanger 7 if needed.

14. FOURTEENTH EMBODIMENT

[0073] The Fourteenth embodiment is shown schemati-
cally in FIG. 27 in heat pump mode and FIG. 28 in cooling
mode operation. This is embodiment is basically the same as
the Twelfth embodiment except for the location of check
valve 11 which has been replaced by another check valve
11", between the outlet of the dehumidification heat
exchanger 2' and inlet of the interior heat exchanger 2. The
reversing of system operation from cooling mode to heat
pump mode is performed as in the Twelfth embodiment.

15. FIFTEENTH EMBODIMENT

[0074] FIG. 29 and FIG. 30 show schematic representa-
tion of the Fifteenth embodiment in heat pump and cooling
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mode operation respectively. Compared to previous embodi-
ments, the main difference lies in the way the reversing is
performed. In this embodiment, the flow-reversing device 6
has been replaced by two flow-diverting devices 13 and 14.
The system operation in heat pump and cooling mode is
described with reference to FIG. 29 and FIG. 30 respec-
tively.

[0075] Heat Pump Operation (FIG. 29):

[0076] In heat pump mode operation, the flow-diverting
devices 13 and 14 are in heating mode. The compressed
refrigerant after the compressor flows first through the
flow-diverting device 13 before entering interior heat
exchanger 2, giving off heat to the heat sink. The high-
pressure refrigerant passes through the check valve 11' and
the then through the internal heat exchanger 4 where its
temperature (enthalpy) is reduced by exchanging heat with
low-pressure refrigerant. The pressure of the refrigerant is
reduced to the evaporation pressure by the multi-function
expansion device 8 before it enters exterior heat exchanger
3. When the dehumidification heat exchanger 2'is on, some
of the high-pressure refrigerant after the check valve 11' is
bled by the multi-function expansion device 9 into the
dehumidification heat exchanger 2' where it is evaporated,
dehumidifying the interior air. The low-pressure refrigerant
passes through the valve 10 that is open before it is mixed
with refrigerant from the exterior heat exchanger 3. The
refrigerant then passes through the flow-diverting device 6,
accumulator 5 and the internal heat exchanger 4 respec-
tively, before it enters the compressor, completing the cycle.

[0077] Cooling Mode Operation (FIG. 30):

[0078] In heat pump mode operation, the flow-diverting
devices 13 and 14 are in cooling mode such that the interior
heat exchanger 2 and the dehumidification heat exchanger 2
acts as evaporator while the exterior heat exchanger 3 heat
rejecter (condenser/gas cooler). In this mode, the com-
pressed gas after compressor 1 passes through the flow-
diverting device 13 before entering exterior heat exchanger
3. The high-pressure refrigerant then passes through the
multi-function expansion device 8 without throttling (the
pressure before and after remains basically constant). The
refrigerant then enters the internal heat exchanger 4 where it
is cooled down by giving off heat to the low-pressure
refrigerant on the other side of the heat exchanger. The
pressure of the refrigerant is then reduced to evaporation
pressure by the multi-function expansion device 9. The
low-pressure refrigerant evaporates by absorbing heat first in
the dehumidification heat exchanger 2'. It then passes
through check valve 11" (valve 10 is closed) before it is
further evaporated in the interior heat exchanger 2. The
refrigerant then passes through the flow-diverting device 6,
accumulator 5 and the internal heat exchanger 4 respec-
tively, before it enters the compressor, completing the cycle.

16. SIXTEENTH EMBODIMENT (FIGS. 31 AND
32)

[0079] This embodiment includes a compressor 1, a flow-
reversing device 6, an interior heat exchanger 2, a multi
function expansion device 17, an intermediate pressure
accumulator 15, an internal heat exchanger 4, an exterior
heat exchanger 3, two multi-function expansion devices 8
and 9, and an auxiliary heat exchanger 7. The system
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operation in heat pump and cooling mode is described with
reference to FIG. 31 and FIG. 32 respectively.

[0080] Heat Pump Operation (FIG. 31):

[0081] The compressed refrigerant after the compressor
flows first through a flow-reversing device 6 that is in
heating mode. The refrigerant then enters the interior heat
exchanger 2, giving off heat to the heat sink before passing
through the expansion device 9 by which the refrigerant
pressure is reduced to intermediate pressure. The expansion
device can be open in which case there would be no pressure
reduction by the said expansion device, and the pressure in
the internal heat exchanger 4 and the exterior heat exchanger
3 will be basically the same as intermediate pressure. The
refrigerant pressure is then reduced to evaporation pressure
before the auxiliary heat exchanger 7 by the multi-function
expansion device 8. The low-pressure vapor then flows
through the flow reversing device 6 before entering internal
heat exchanger 4 and compressor 1 at the end. In case there
would be some pressure reduction in the multi function
expansion device 17, the pressure in the internal heat
exchanger 4 and exterior heat exchanger 3 will be some-
where in between pressure in the intermediate accumulator
15 and the evaporation pressure in the auxiliary heat
exchanger 7. In both cases it would be possible to bypass the
internal heat exchanger 4 and exterior heat exchanger 3 or
both, using a bypass conduit (not shown in the figures).

[0082] Cooling Mode Operation (FIG. 32):

[0083] The flow-reversing device 6 will now be in cooling
mode operation such that the interior heat exchanger 2 acts
as evaporator while the exterior heat exchanger 3 as heat
rejecter (condenser/gas cooler). In this mode, the com-
pressed gas after compressor 1 passes through the flow-
reversing device 6 before entering auxiliary heat exchanger
7. Depending on whether auxiliary heat exchanger 7 is in
operation the high-pressure refrigerant can be cooled down
before it passes through the multi-function expansion device
8 without throttling (the pressure before and after remains
basically constant). The high-pressure refrigerant then enters
the exterior heat exchanger 3 where it is cooled down by
giving off heat. The refrigerant then flows through the
internal heat exchanger 4 where it is further cooled down
before its pressure is reduced to the accumulator pressure by
the multi function expansion device 17. After the accumu-
lator, the refrigerant pressure is reduced by the expansion
device 9 to the evaporation pressure in the interior heat
exchanger 2. The low-pressure refrigerant evaporates by
absorbing heat in the said heat exchanger. Afterward, the
refrigerant passes through the flow-reversing device 6 and
the internal heat exchanger 4 respectively, before it enters
the compressor, completing the cycle.

17. SEVENTEENTH EMBODIMENT

[0084] FIG. 33 and FIG. 34 show schematic representa-
tions of the Seventeenth embodiment in heat pump and
cooling mode operation, respectively. The main difference
between this embodiment and Sixteenth embodiment is that
the compression process is carried out in two stages by two
compressors 1 and 1". The discharge refrigerant gas from the
first stage compressor 1 is directed into the intermediate
pressure accumulator that result in de-superheating of the
said refrigerant. As a result, the suction gas for the second
stage compressor 1" can be saturated or close to saturated,
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which compared to one stage compression (Sixteenth
embodiment), results in a lower specific compression work.
The operation of the system in heating and cooling mode is
otherwise the same as in Sixteenth embodiment.

[0085] It is also understood that the accumulator presented
in different figures is a schematic representation where the
actual solution could differ from those shown in these
figures.

1-14. (canceled)

15. A reversible vapor compression system for heating
and comfort cooling of a vehicle cabin or passenger com-
partment, including at least a compressor (1), a flow revers-
ing device (6), an interior heat exchanger (2), a multi-
function expansion device (9), an internal heat exchanger
(4), an exterior heat exchanger (3), another multi-function
expansion device (8), an auxiliary heat exchanger (7)
through which a coolant is circulated and an accumulator (5)
connected in an operational relationship through conduits to
form a closed main circuit, wherein the inter-connection of
the components (1, 2, 3, 4, 5, 6, 7, 8, 9) of the system are
provided such that ambient air and coolant circulated from
the vehicle drive system can both partially or fully be used
as heat source and heat sink in heat pump mode and comfort
cooling mode, respectively.

16. System according to claim 15, wherein the reversing
process from heat pump to comfort cooling mode operation,
and vice versa, is performed by means of a flow reversing
device (6) connected to the high pressure side of the com-
pressor (1) and the inlet of the accumulator (5) and two
multi-function expansion devices (8) and (9) provided in the
circuit respectively between the auxiliary heat exchanger (7)
and exterior heat exchanger (3) and between the interior heat
exchanger (2) and internal heat exchanger (4).

17. System according to claim 15, wherein the reversing
process from heat pump to comfort cooling mode operation,
and vice versa, is performed by means of a flow reversing
device (6) connected to the high pressure side of the com-
pressor (1) and the inlet of the accumulator (5), and three
multi-function expansion devices (8, 9) and (9)', where
expansion takes place in the multi-function expansion
device (9)' between the internal heat exchanger (4) and
exterior heat exchanger (3) when ambient air or a combi-
nation of ambient air and coolant is used as heat source in
heat pump mode, and expansion takes place in the multi-
function expansion device (8) between auxiliary heat
exchanger (7) and exterior heat exchanger (3) when coolant
is used as the only heat source.

18. System according to claim 15, wherein an additional
bypass conduit (24) including a valve (12) is provided in
parallel with the exterior heat exchanger (3).

19. System according to claim 15, wherein a further
bypass conduit (25) and flow-diverting device (19) for
bypassing the internal heat exchanger (4) is provided in
parallel with the internal heat exchanger (4).

20. System according to claim 15, wherein the multi-
function expansion device (8) is placed between the exterior
heat exchanger (3) and the internal heat exchanger (4).

21. System according to claim 20, wherein the auxiliary
heat exchanger (7) is connected by a conduit in parallel
relative to exterior heat exchanger (3), with an expansion
device (20) provided on the up stream side of the auxiliary
heat exchanger when the system is in heating mode opera-
tion.
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22. System according to claim 21, wherein the compres-
sion is performed by two compressors (1) and (1) in two
stages and that the refrigerant from the auxiliary heat
exchanger (7) is mixed with the discharge refrigerant from
compressor (1) through a circuit loop (22).

23. System according to claim 22, wherein an additional
inter-cooler heat exchanger (19) is provided in an additional
circuit loop (23) between the circuit loop, (22) prior to the
auxiliary heat exchanger (7) and expansion device (20), and
the interconnection of the compressors (1, 1) and that a
valve (21) is provided in the circuit loop (23) to control the
flow through the inter-cooler heat exchanger (7).

24. System according to claim 22, wherein the two-stage
compressors (1, 1') are in the form of a single compound
COmpressor.

25. System according to claim 15, wherein the multi-
function expansion device (9) is placed between the internal
heat exchanger (4) and the exterior heat exchanger (3).

26. System according to claim 15, wherein an additional
dehumidification heat exchanger (2') provided in a third
conduit loop (26) which at one end is connected to the main
circuit between the accumulator (5) and auxiliary heat
exchanger (7) and the other end between the internal heat
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exchanger (4) and interior heat exchanger (2), two check
valves (11) and (11') provided in a fourth conduit loop (27)
between the main circuit and third conduit loop (26) and a
valve (10) provided in the third loop (26), whereby the
dehumidification heat exchanger (2") and the interior heat
exchanger (2) are connected in series in cooling mode
operation whereas in heating mode, the same said dehumidi-
fication heat exchanger (2)' will dehumidify the air before it
is heated up by the interior heat exchanger (2).

27. System according to the claim 15, wherein an inter-
mediate accumulator (15) is provided in the main circuit
between the internal heat exchanger (4) and multi function
expansion device (9) and that another multifunction expan-
sion device (17) is provided between the pressure accumu-
lator (15) and the external heat exchanger (4).

28. System according to claim 13, wherein the compres-
sion process is carried out in two stages using a first stage
compressor (1) and a second stage compressor (1") and that
the discharge refrigerant from the first stage is directed into
the intermediate pressure accumulator (15) before it enters
the second stage compressor (1").

#* #* #* #* #*
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