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AIR-CONDITIONING SYSTEM, IN PARTICULAR FOR A MOTOR

VEHICLE

The invention relates to an air-conditioning system,
in particular for a motor vehicle. The invention also
relates to a method for ©operating such an air-
conditioning system.

Alr—-conditioning systems for motor vehicles are known
which have different technical structures and comprise
different refrigerants. Regardless of the respective
design, most of the effort with regard to further
developing air-conditioning systems 1is presently aimed at
reducing the amount of power required to operate the air-
conditioning system. Reducing this power consumption, as
far as possible while retaining the same comfort and the
same response behaviour of the air-conditioning system,
leads to a reduction in fuel consumption of the vehicle.

One type o0f modern air-conditioning system uses an
externally controlled compressor, an internal heat
exchanger which transfers heat from the used refrigerant
on the high-pressure side to the refrigerant on the low-
pressure side, and an evaporator with a thermostatic
expansion valve which 1is usually equipped with a cross-
charge filling 1in the control head. The thermostatic
expansion valve controls the volume flow of refrigerant
as a function of the temperature and pressure of the
refrigerant at the outlet of the evaporator.

Due to the use of the internal heat exchanger, such
an air-conditioning system in principle has a relatively
good efficiency, but not in all operating states. Using a
thermostatic expansion wvalve, an approximately constant
superheat of the refrigerant to around 3 K at the outlet
0of the evaporator can be maintained only in states with a

high required cooling power and a low evaporation
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temperature or a low required cooling power and a high
evaporation temperature. However, when a low cooling
power at low evaporation temperatures or a high cooling
power at high evaporation temperatures is required, the
refrigerant is overheated to between 8 K and 15 K at the
outlet of the -evaporator when thermostatic expansion
valves are used. This is undesirable since the efficiency
of the evaporator is then reduced and the temperatures of
the refrigerant at the outlet of the cCompressor
significantly increase. Furthermore, the capacity of the
internal heat exchanger has to be limited since
otherwise, due to the considerable superheat of the
refrigerant in some operating states, the service 1life of
the compressor might be impaired on account of the high
refrigerant temperatures then occurring at the outlet of
the compressor.

DE 100 23 717 Al discloses an air-conditioning system
in which an electronic expansion valve is used instead of
a thermostatic expansion valve. Said electronic expansion
valve 1s controlled as a function of the temperature of
the refrigerant at the outlet of the evaporator. However,
the superheat of the refrigerant must be controlled to a
range from 10 K to 15 K in order to increase the
temperature of the refrigerant at the outlet of the
evaporator. The conseguences of such considerable
superheat are a poorer temperature homogeneity, a loss of
efficiency of the evaporator, and an excessively high
temperature of the refrigerant at the outlet of the
compressor, which leads to a reduction in service life.

The problem on which the invention is based 1is that
of increasing the overall efficiency of an air-
conditioning system which operates according to the
Carnot principle and uses Rl34a or a suitable alternative

as the refrigerant.
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In order to solve this problem, according to the
invention there 1is provided an air-conditioning system,
in particular for a motor vehicle, comprising an
externally controlled compressor, a condenser, a
throttle, an evaporator and an internal heat exchanger,
wherein the throttle is an electronic expansion valve. In
order to solve this problem, there is also provided a
method for operating an air-conditioning system, in
particular for a motor vehicle, comprising an externally
controlled compressor, a condenser, a throttle, an
evaporator and an internal heat exchanger, wherein the
throttle is electronically controlled. The air-
conditioning system according to the invention and the
method according to the invention make it possible to
keep approximately constant the refrigerant temperature
at the inlet of the internal heat exchanger. To this end,
a sensor may be provided for detecting the temperature of
the refrigerant at the outlet of the evaporator. By
limiting the superheat of the refrigerant at the inlet of
the internal heat exchanger, the latter can be better
designed for the operating conditions which occur, and in
particular can be made larger without any risk of the
refrigerant having an unacceptably high temperature at
the outlet o0of the internal heat exchanger 1in some
critical operating states.

According to the invention, it 1s provided in
particular that the superheat of the refrigerant at the
inlet of the internal heat exchanger is limited to at
most 5 K. Since the superheat at the inlet of the
internal heat exchanger is only in a range from 0 to 5 K
and 1t is no longer possible for very high superheat of 5
to 20 K to take place at the inlet, the internal heat
exchanger can be made larger. As a result of this higher

capacity of the internal heat exchanger, there 1is no
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operating state of the air-conditioning system in which
liquid refrigerant enters the compressor, even in phases
with a relatively high outflow of liquid from the
evaporator. As a result, the overall efficiency of the
refrigerant circuit is increased, since no heat 1losses
occur from the high-pressure side to the low-pressure
side 1in the compressor. Losses of efficiency of the
evaporator are also prevented. Limiting the superheat of
the refrigerant to at most 5 K also ensures that a foam
consisting of refrigerant and oil is always located in
the suction line from the evaporator to the internal heat
exchanger, so that any pressure pulse noises occurring in
the compressor are not transferred via the suction line
to the evaporator, since the oil/refrigerant foam dampens
the sound propagation.

According to one preferred embodiment of the
invention, a sensor 1s provided for detecting the
temperature of the refrigerant at the outlet of the
compressor. This makes it possible for different
efficiencies of the internal heat exchanger, which occur
with changing volume flows of refrigerant, can still be
compensated, so that a constant temperature can be
maintained at the compressor outlet (final compression
temperature). The internal heat exchanger can thus be
dimensioned with an even greater capacity since the final
compression temperature can be influenced directly via
the throttle effect o0f the electronic injection wvalve.
Advantageously, this temperature is kept in the range of
the maximum possible temperature for the compressor and
the lines, i.e. 110°C to 130°C. In conjunction with the
high-capacity internal heat exchanger, this makes it
possible to 1limit the superheat of the refrigerant at the
outlet of the evaporator to a range from 0 K to 20 K,

particularly between 0 K and 7 K and preferably to a
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range from 2 K to 4 K. For this purpose, 1t may be
provided that the throttle is controlled as a function of
the refrigerant temperature at the outlet of the
compressor. In this way, the maximum temperature of the
refrigerant at the outlet of the compressor can always be
kept 1in a range which 1s advantageous both for the
efficiency and the service life of the compressor when a
large internal heat exchanger is used which is able in
all operating states to evaporate the refrigerant leaving
the evaporator in the liquid state. This high temperature
at the outlet of the compressor, which can be regarded as
almost constant compared to conventional air-conditioning
systems, ensures that no operating states occur in which
liquid refrigerant enters the compressor. As a result,
the overall efficiency of the refrigerant circuit 1is
increased, since no heat losses occur from the high-
pressure side to the low-pressure side in the compressor.
Losses of efficiency of the evaporator are also avoided
since the superheat in the evaporator 1is also kept in a
range from 0 K to 20 K and particularly between 0 K and 7
K, so that the entire inner surface of the evaporator is
wetted with evaporating liquid refrigerant.

It is preferably provided that the throttle controls
the volume flow of refrigerant in such a way that the
refrigerant temperature at the outlet of the compressor
is kept in the range from 90°C to 160°C, preferably in
the range from 120°C to 130°C. In particular, a
refrigerant temperature in the range from 120°C to 130°C
which can be regarded as being approximately constant
ensures a high overall efficiency of the refrigerant
circuit with a very long service life of the compressor.

According to one preferred embodiment of the
invention, it is provided that the refrigerant inlet on

the condenser is arranged in the lower region thereof.
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This is particularly advantageous when an o0il cooler or a
charge air cooler is arranged in front of the condenser;
when this is the case, said cooler is arranged in front
of the lower region of the condenser. A charge air cooler
or an oil cooler means that cooling air at a considerably
increased temperature, for example 70°C, 1is supplied to
the condenser in this region. In conventional systems, in
which the refrigerant is supplied to the condenser at a
temperature in the range from 80 to 90°C, the region of
the condenser which is covered by the charge air cooler
or 01l cooler has almost no effect, since the temperature
difference between the cooling air and the refrigerant is
insufficient. By contrast, the advantageous control
according to the invention ensures that the refrigerant
enters the condenser at a temperature of around 120°C.
There 1s therefore a sufficient temperature difference
between the cooling air and the refrigerant in all
operating states, so that the condenser is effective over
its entire surface.

Advantageous embodiments of the invention will emerge
from the dependent claims.

The invention will be described below with reference
to various embodiments which are shown in the appended
drawings. In these drawings:

- Fig. 1 schematically shows an air-conditioning
system according to a first embodiment;

- Fig. 2 schematically shows an air-conditioning
system according to a second embodiment; and

- Fig. 3 shows a condenser according to a variant
embodiment.

The figure 1 schematically shows an air-conditioning
system which comprises an externally controlled
compressor 10, a condenser 12, a collector 14, an

internal heat exchanger 16, a throttle 18 and an
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evaporator 20. The <collector 14 may optionally be
provided with dryers and filters. The refrigerant used is
R134a or a suitable alternative.

The throttle 18 1s formed by an electronically
controlled expansion valve which 1s controlled as a
function of the temperature of the refrigerant at the
outlet of the evaporator 20. For this ©purpose, a
temperature sensor 22 1s provided there. In this way, it
can be ensured that the refrigerant always leaves the
evaporator 20 with superheat in the range from 0 K to
20 K. Particularly, the superheat of the refrigerant
leaving the evaporator 20 1s Dbetween 0K and 5K and
preferably in a range from 2 K to 4 K.

The control unit, which processes the signals from
the sensor 22 and controls the throttle 18, is not shown
in the figure 1 for the sake of better clarity.

In addition, a pressure sensor (not shown) can be
provided at the outlet of the evaporator 20. In this
way, the pressure of the refrigerant is measured.

According to a preferred alternative of the first
embodiment of the present invention, the temperature
sensor 22 and the pressure sensor are integrated in a
single component.

In accordance, with the measurement of the pressure
0of the refrigerant at the outlet of the evaporator 20,
the superheat 1is directly determined. Indeed, the
saturation temperature of the refrigerant can be directly
derived from the pressure o0of the refrigerant. Therefore,
the superheat is defined by the difference between the
measured temperature of the refrigerant at the outlet of
the evaporator 20 and the saturation temperature
corresponding to the measured refrigerant pressure at the
outlet of the evaporator 20.

The figure 2 shows an air-conditioning system



10

15

20

25

30

WO 2008/119768 PCT/EP2008/053755

according to a second embodiment. The same references are
used for the components known from the first embodiment,
and in this respect reference 1is made to the embodiment
above.

In the second embodiment, too, an electronically
controlled expansion valve 1is wused as the throttle
18. The difference compared to the first embodiment is
that the expansion valve 18 is controlled as a function
0of the temperature of the refrigerant at the outlet of
the compressor. For this purpose, a sensor 24 is provided
there. The throttle 18 and thus the volume flow of
refrigerant are controlled in such a way that the
refrigerant temperature at the outlet of the compressor
is kept relatively constant in the range from 120°C to
130°C.

The figure 3 shows a condenser 12 in detail, in
which, in a manner differing from the usual design, the
inlet for the refrigerant is located in the lower region
and the outlet is located 1in the upper region.
Accordingly, a heat removal zone 12a is formed in the
lower region, while a liquefaction zone 12b is formed in
the central region and a subcooling zone 12c¢ is formed in
the upper region. This is particularly advantageous when
an o0il cooler or charge air cooler 26 is provided in the
flow path of the cooling air in front of the condenser
12. The cooling air which flows through the o0il cooler or
charge air cooler 26 reaches the condenser 12 at a
considerably increased temperature, for example 70°C. Due
to the high inlet temperature of the refrigerant into the
condenser 12, namely around 120°C, there is a sufficient
temperature difference between the cooling air and the
refrigerant even in the heat removal zone 12a of the
condenser 12.

The present invention also related to a method for



10

15

20

25

30

WO 2008/119768 PCT/EP2008/053755

operating an air-conditioning system as defined in
relation with figures 1 and 2. This air-conditioning
system comprises an externally controlled compressor 10,
a condenser 12, a throttle 18, an evaporator 20 and an
internal heat exchanger 16. The throttle 18 is
electronically controlled.

Nevertheless, an effective control of an
electronically controlled expansion valve requires the
use of control parameters which make it possible to
provide a quick response to a change of one of the control
parameters.

Consequently, some parameters of the air-conditioning
system could not be used. For example, the evaporator air
outlet homogeneity is not an efficient parameter for the
control of the electronically controlled expansion valve
18. Actually, 1t takes a too long time between the time
when parameter is modified for the change of the opening
of the throttle 18 and the time when the air outlet
homogeneity of the evaporator 20 is changed.

During this time period, the evaporator 20, connection
lines and the compressor 10 are flooded with liquid
refrigerant. Therefore, the evaporation and the cooling
are not only taking place in the -evaporator 20. This
impacts the efficiency which is merely impaired.

Such a qguick response to control the electronically
controlled expansion valve 18 can be obtained by using
the evaporator outlet superheat as a control parameter of
the opening of the throttle 18.

Nevertheless, the evaporator outlet superheat has also
some drawbacks. This parameter is a very dynamic value.
There are quick variations due to speed variations which
entails quick low pressure falls. This results in a quite
sensitive ands difficult control of the electronically

controlled expansion valve 18.
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The evaporator outlet superheat parameter has also a
disadvantage regarding the ligquid quantity estimation in
the suction lines. For a superheat comprises between 0 K
and 5K, the amount of liquid refrigerant, which is partly
merged with oil, is completely undefined.

According to the present invention, the method makes
it possible to control the throttle 18 in such a way that
the refrigerant temperature at the inlet of the internal
heat exchanger 16 is kept approximately constant.

Moreover, the method enables that the superheat of
the refrigerant at the 1inlet of the internal heat
exchanger 16 is limited to at most 5 K.

Accordingly, the superheat of the refrigerant at the
outlet of the evaporator 20 1is limited to a range from
0 K to 20 K, particularly between 0K and 7K. Preferably,
the superheat is in a range from 2 K to 4 K.

Finally, the method is defined so that the throttle
18 controls the volume flow of refrigerant in such a way
that the refrigerant temperature at the outlet of the
compressor 10 1is kept in the range from 90°C to 160°C,
preferably in the range from 120°C to 130°C.

Particularly, the throttle 18 is controlled as a
function of the refrigerant temperature at the outlet of
the compressor 10.

The present method will be hereafter detailed.
Indeed, 1n order to increase the air-conditioning system
efficiency and to reduce the annual fuel consumption, the
throttle 18, which is preferably a electronically
controlled expansion valve, must be controlled according
to different parameters of the air-conditioning system
such as the temperature at the outlet of the compressor
10, the temperature at the outlet of the evaporator 20,
in order to ensure that the superheat at the inlet of the

internal heat exchanger 16 is limited to at most 5 K,
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that the superheat of the refrigerant at the outlet of
the evaporator 20 is limited to a range from 0 K to 20 K,
particularly between 0K and 7K and preferably in a range
from 2 K to 4 K.

Moreover, the control of the throttle 18 should be
defined in such a way that the discharge temperature at
the outlet of the compressor 10 is maximum.

The present method uses, in the start phase, a start
calculated value to define +the initial cross section
opening of the throttle 18. After a short stabilizing
period, the opening cross section 1s adapted from the
start calculated wvalue according to the current discharge
temperature.

More specifically, +the start wvalue of the cross
section opening of the throttle 18 is determined from the
evaporator load, the high pressure and the low pressure of
the air-conditioning system.

The method is part of a specific comfort software
which manages the air-conditioning system. The comfort
software is stored in a chip located within the control
panel.

Different parameters used in the calculation of the
start value of the cross section opening of the throttle
18 can be separately determined.

The low pressure 1is estimated according to the air
outlet target value, which 1is one of the parameter of the
comfort software, the engine speed and the compressor
control current.

The evaporator load is estimated according to air mass
flow, for example based on the blower speed or the blower
current, the air inlet temperature and the low pressure.

Once the start value of the cross section opening of
the throttle 18 is determined, this value is maintained as

a control value for the throttle 18.
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After a short stabilization time period, for example
of 1 min to 3 min, the method defines the difference
between the measured discharge temperature and a
theoretically calculated discharge temperature of the
compressor 10.

The theoretically discharge temperature is calculated
in accordance with the used refrigerant parameters, e.g
the evaporating temperature which is determined with the
estimated suction pressure, the air inlet temperature and
the measured high pressure.

If the measured discharge temperature of the
compressor 10 is at least 10 K higher than the
theoretically calculated discharge temperature of the
compressor 10 and/or the air outlet temperature difference
is higher than 3 K to 6 K, the value of the cross section
of the throttle 18 is modified by a factor F1.

According to a preferred embodiment of the present
method, the factor Fl1 is included within a range between
1,01 and 1, 3.

The wvalue of the factor F1 is dependent upon the
difference between the measured discharge temperature and
the theoretically calculated discharge temperature.

If the measured discharge temperature of the
compressor 10 is at least 10K smaller than the
theoretically calculated discharge temperature of the
compressor and/or the air outlet temperature difference is
less than 3 to 6K, the wvalue of the cross section of the
throttle 18 is modified by a factor F2.

According to a preferred embodiment of the present
method, the factor F2 is included within a range between
0,9 and 0, 99.

For cross counter-flow evaporators, the discharge
temperature is controlled in a higher range between 100°C

and 135°C. In those specific arrangements, the air-
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conditioning system can be used without any internal heat
exchanger 16 without loss of efficiency.

In case of a cross counter—-flow evaporators, the
refrigerant outlet temperature of the evaporator 20 can be
increased up to the air inlet temperature. For ambient
temperature comprised between 20°C to 40°C, the
refrigerant outlet temperature is 17°C to 37°C. Therefore,
a further heat up of the refrigerant in the internal heat
exchanger 16 is not possible or limited because of the
higher limit of the discharge temperature of 135°C.

The present method 1s particularly efficient. The
enthalpy and the liquid quantity in the evaporator 20 can
be clearly defined by measuring the discharge temperature
at the outlet of the compressor 10. Indeed, with the
discharge temperature, outlet conditions of the evaporator
20 (i.e enthalpy, liquid quantity, superheat, ..) can be
obtained for every driving conditions.

Moreover, presently, each vehicle, comprising an air-
conditioning system, already has a high pressure sensor to
control the condenser fan. Therefore, the cost increase
required to have a combined temperature/pressure sensor 1s
very low.

Furthermore, the pre-defined start wvalue is used only
for the start phase i.e only for the first minutes. This
makes it possible to optimize the start conditions of the
air-conditioning system and to avoid the throttle
hunting. In addition, 1in order to prevent uncontrolled
actions of the throttle 18 during the start or quick
engine speed variations, the cross section opening of the
throttle 18 is theoretically calculated with parameters of
the vehicle already available, particularly on the vehicle

network.
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If this calculated <cross section opening of the
throttle 18 1is not appropriate, the method modifies the
value of the cross section opening of the throttle 18.

The control of the electronically controlled
expansion valve 18 with the discharge temperature makes it
possible to control the evaporator outlet homogeneity. In
addition, when the evaporator air outlet temperature
difference 1is too high, the refrigerant mass flow can be
also increased.

The control of the electronically controlled
expansion valve 18 increases of the <condenser 12
performance by higher inlet temperatures in the hot gas
zone.

When the refrigerant mass flow 1s low, the present
method allows managing the evaporator 20 with wet outlet
conditions during a specific time period, for instance
every 10 min to 60 min, in order to recycle o0il which is
gathered in the evaporator.

Finally, the present method has a particular advantage
in handling noise level control. In low load critical
conditions, the evaporator outlet superheat can also be
decreased so as to avoid in undesired noise in the air-

conditioning system.
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CLAIMS

1. Air-conditioning system, in particular for a motor
vehicle, comprising an externally controlled
compressor (10), a condenser (12), a throttle (18),
an evaporator (20) and an internal heat exchanger
(16), wherein the throttle (18) 1is an electronic

expansion valve.

2. Adlr-conditioning system according to claim 1,
characterised in that a temperature sensor (22) 1is
provided for detecting the temperature of the

refrigerant at the outlet of the evaporator (20).

3. Air-conditioning system according to claim 2,
characterised in that a pressure sensor 1is provided
for detecting the pressure of the refrigerant at the

outlet of the evaporator (20).

4. Air-conditioning system according to claim 3,
characterised in that the temperature sensor (22) and
the pressure sensor are combined in a single sensor
for detecting the temperature and the pressure of the

refrigerant at the outlet of the evaporator (20).

5. Air-conditioning system according to one of the
preceding claims, characterised in that a sensor (24)
is provided for detecting the temperature of the

refrigerant at the outlet of the compressor (10).

6. Alr-conditioning system according to one of the

preceding claims, characterised in that the

PCT/EP2008/053755
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refrigerant inlet on the condenser (12) is arranged

in the lower region thereof.

7. Method for operating an air-conditioning system,
in particular for a motor vehicle, comprising an
externally controlled compressor (10), a condenser
(12), a throttle (18), an evaporator (20) and an
internal heat exchanger (16), wherein the throttle

(18) 1is electronically controlled.

8. Method according to claim 7, characterised in that
the throttle 1is controlled in such a way that the
refrigerant temperature at the inlet of the internal

heat exchanger (16) is kept approximately constant.

9. Method according to claim 7 or claim 3,
characterised in that the superheat of the
refrigerant at the 1inlet o©f the internal heat

exchanger (16) is limited to at most 5 K.

10. Method according to one of claims 7 to 9,
characterised in that the superheat of the
refrigerant at the outlet of the evaporator (20) is
limited to a range from 0 K to 20 K, particularly
between 0K and 7K and preferably to a range from 2 K
to 4 K.

11. Method according to one of claims 7 to 10,
characterised in that the throttle (18) is controlled
as a function of the refrigerant temperature at the

outlet of the compressor (10).

PCT/EP2008/053755
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12. Method according to c¢laim 11, characterised in
that the throttle (18) controls the volume flow of
refrigerant in such a way that the refrigerant
temperature at the outlet of the compressor (10) 1is
kept in the range from 90°C to 160°C, preferably in
the range from 120°C to 130°C.

13. Method according to one of claims 7 to 12,
characterised in that it comprises a step consisting in
calculating a start calculated value to define an initial
cross section opening of the electronically controlled

throttle (18).

14. Method according to claim 13, characterised in
that, the start calculated wvalue of the cross section
opening of the throttle (18) is determined from the load
of the evaporator (20), the high pressure and the low

pressure of the air-conditioning system.

15. Method according to claim 13 or 14, characterised
in that, after a short stabilizing period, the opening
cross section of the electronically controlled throttle
(18) is adapted from the start calculated value according

to a current discharge temperature.

16. Method according to claim 15, characterised in
that it comprises a step consisting in calculating a
difference between a measured discharge temperature and a
theoretically calculated discharge temperature of the

compressor (10).
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17. Method according to claim 16, characterised in
that, if the measured discharge temperature of the
compressor (10) is at least 10 K higher than the
theoretically calculated discharge temperature of the
compressor (10) and/or the air outlet temperature
difference is higher than 3 K to 6 K, the wvalue of the
cross section of the throttle (18) is modified by a factor

Fl.

18. Method according to claim 17, characterised in
that the factor Fl is included within a range between 1,01

and 1, 3.

19. Method according to claim 16, characterised in
that, if the measured discharge temperature of the
compressor (10) 1is at least 10 K smaller than the
theoretically calculated discharge temperature of the
compressor (10) and/or the air outlet temperature
difference is less than 3 to 6K, the value of the cross

section of the throttle (18) is modified by a factor F2.

20. Method according to claim 19, characterised in
that the factor F2 is included within a range between 0,9

and 0, 99.
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