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(57) ABSTRACT

The invention relates to a device and a method for icing
prevention regulation for a heat pump evaporator (3) in air
conditioning systems of vehicles, composed of a subsection
(1) of a refrigerant circuit which can be operated both as a
heat pump and also as an air conditioning system. The
device comprises the heat pump evaporator (3), an electrical
or mechanical refrigerant compressor (4), a cooler fan (9)
which is attached to the heat pump evaporator (3) and which
draws ambient air (11) upstream from and through the heat
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pump evaporator (3) at an adjustable flow speed, and which
thus permits a permanent flow of ambient air (11) over the
heat pump evaporator surface, a first temperature sensor (6)
in or on the refrigerant line (5, 5a) upstream from the heat
pump evaporator (3) with respect to the heat pump operating
direction, and a control and regulating unit (8). The control
and regulating unit (8) is connected via signal lines (10, 10q,
105, 10¢, 10e) at least to the first temperature sensor (6), to
further sensors, in particular for detecting the ambient air
temperature (Tu) and the vehicle speed (V ), to the expan-
sion valve (2), to the cooler fan (9) and to the refrigerant
compressor (4) for the direct or indirect regulation of the
flow cross section of the expansion valve (2) and the
rotational speed of the electric refrigerant compressor (4) or
of the regulating valve of the mechanical refrigerant com-
pressor (4) and for the actuation of the cooler fan (9) of the
vehicle during heat pump operation.

8 Claims, 6 Drawing Sheets
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1
DEVICE AND METHOD FOR ICING
PREVENTION REGULATION FOR HEAT
PUMP EVAPORATORS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the National Phase entry of Interna-
tional Application No. PCT/EP/2013/054679, filed Mar. 8,
2013, which claims priority to German Application No. 10
2012 102 041.8, filed Mar. 9, 2012, both of which are
incorporated herein by reference in their entireties.

TECHNICAL FIELD

The invention relates to a device and a method for icing
prevention regulation for heat pump evaporators in air
conditioning systems of vehicles.

The invention resides in the field of heat pumps having
ambient air as a heat source. The use of heat pumps with
ambient air as a source for heating the passenger interior has
been studied by several institutes, vehicle manufacturers and
suppliers. When operating heat pumps with ambient air
source at refrigerant temperatures, in particular at or below
0° C., there is the risk of icing on the air side of the heat
pump evaporator.

BACKGROUND

The icing of the evaporator is a physical process, which
is influenced essentially by the following factors:

the surface temperature of the evaporator;

the dew point of the air flowing over the evaporator, and

the flow speed of the air conducted over the evaporator.

When cooling moist air, either air moisture is condensed,
which forms ice crystals at temperatures below 0° C., which
coalesce to form a layer of ice. Air moisture may also
desublimate and form a layer of frost. If the evaporator
continues to be operated under these conditions, the ice/frost
layer will grow and reduce the flow cross-section of the
evaporator on the air side. At the same time, the heat transfer
resistance between air and evaporator surface is increased.
With the fan operating at the same output, this results in a
reduced flow speed of the air conducted over the evaporator
due to the higher pressure drops, which promotes the for-
mation of frost. Eventually, the evaporator will accrete frost
or ice. The system can no longer be operated if the evapo-
rator is frozen: The suction pressure would continue to drop.
Consequently, as a further disadvantage, additional expen-
diture of heat energy is required in order to de-ice the
evaporator.

Icing of the evaporator is prevented in the prior art by not
operating the heat pump at ambient air temperatures below
0° C., in the case of the Toyota Prius plug-in hybrid design,
even at +5° C. To de-ice the heat pump evaporator, the
refrigerant circuit is switched over and operated in air
conditioning mode (AC-mode). In this case, the heat pump
evaporator assumes the function of the condenser and is
perfused with a hot refrigerant. In the process, ice which has
accumulated on the outside of the heat pump evaporator is
melted, and the frozen heat pump evaporator operated as a
condenser is actively de-iced. The disadvantage of this
variant is that during the active de-icing phase not only is the
heat pump function unavailable, but in addition, the air
supplied to the interior via the evaporator is further cooled
in the air conditioning system. This increases the deficit in
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the heating output even more. This disadvantage can only be
alleviated by increasing the complexity of the refrigerant
circuit interconnections.

A further disadvantage is that in the phase of the frozen
AC condenser upstream from the engine radiator, the air
flow and, therefore, the engine cooling are only insuffi-
ciently ensured.

A method for operating a heat pump at low ambient air
temperatures for a heating circuit is described in the publi-
cation WO 2009/094691 Al, in which a heat pump
described therein comprises an evaporator, a compressor, a
condenser, an expansion valve, which is situated between
the outlet of the condenser and the inlet of the evaporator.
The evaporator, the compressor, the condenser, the expan-
sion valve and, in turn, the evaporator are connected to one
another by lines. The refrigerant liquid in the evaporator
absorbs the heat from the ambient air and evaporates. The
compressor compresses the refrigerant vapor using
mechanical energy and thereby increases the pressure and
temperature. The refrigerant condenses in the condenser and
heats the medium of the heating circuit.

In the expansion valve, the pressure and the temperature
of the refrigerant liquid are reduced by opening the valve.
The refrigerant liquid then flows back into the evaporator.
There, the air flowing through the evaporator is cooled and
the two-phase refrigerant is evaporated.

Attached to the evaporator is a fan connected to a control
unit which, in turn, is in signal connection with the com-
pressor and a temperature sensor. The heat pump includes a
refrigerant flow through the evaporator, which may be
regularly or temporarily interrupted by the control unit.
During normal operation, the fan draws ambient air over one
side of the evaporator, as a result of which the ambient air
is conducted over the evaporator surface, whereby refriger-
ant vapor is produced as a result of heat absorbed from the
ambient air. In the event of icing of the evaporator, in which
the very low temperatures in the icing region are indicated
by the temperature sensor, the refrigerant is stopped in the
compressor by the control unit. The evaporator is then
reversed from the side in the direction of the air striking the
surface of the evaporator, so that warmer air is conducted
onto the evaporator surface and the evaporator is de-iced.

One disadvantage is that in the event of icing, the refrig-
erant flow must be interrupted and a greater expenditure of
electrical energy is required for de-icing. Moreover, electric
vehicles do not have warm air. During the de-icing phase,
the heat pump is unavailable. A redundant heating system
must then be designed.

A method and a system for controlling refrigerant pres-
sure in an air conditioning system are described in the
publication US 2006/0288716 A, the system being com-
prised of a compressor, a condenser and an evaporator,
which are arranged in a closed refrigerant circuit. The
condenser is subdivided into at least two valve-controlled
units. In the event of potential icing, at least one unit of the
condenser is switched off. High pressure in the evaporator is
released with the aid of an additional valve, thereby increas-
ing the pressure level in the evaporator and lowering the risk
of icing.

Also known from the prior art is a regulation for prevent-
ing icing by regulating the outlet temperature level of the
refrigerant exiting the heat pump evaporator. When using the
refrigerant R134a (1,1,1,2-tetrafluoroethane) or refrigerants
with similar property data such as, for example, R1234yf
(2,3,3,3-tetrafluoropropene), there is a greater amplification
factor between the pressure loss in the heat pump evaporator
and the surface temperature of the evaporator (temperature
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glide in the evaporator caused by the pressure loss) than
when using the refrigerant R744 (CO,). If the expansion
valve is opened too wide, the pressure drop in the heat pump
evaporator increases and the surface temperature of the heat
pump evaporator will drop locally in the region in which the
refrigerant exits the evaporator. To prevent this from leading
to local icing, the cross-section of the expansion valve is
closed by a regulator if the measured saturation temperature
of the refrigerant is too low, but at the same time no
superheating is detected. In this case, the refrigerant mass
flow must also be reduced. In an electric compressor, this is
occurs through the reduction of the rotational speed of the
compressor. This is accomplished in an externally regulated
mechanical reciprocal compressor by actuating a regulator
valve in such a way that the compressor stroke is reduced.
Regulating the exit temperature level, in particular, when
using the R134a and R1234yf refrigerants, may cause a
refrigerant temperature above the ambient air temperature to
occur at the entrance to the heat pump evaporator, due to the
pressure drops in the heat pump evaporator. This results in
heat dissipating to the surrounding environment or to a
reduction in the surface used for heat absorption, and thus to
reduced efficiency of the heat pump.

SUMMARY

The object of the invention is to provide a device and a
method for icing prevention regulation, in which the heat
pump function is continuously maintained with improved
efficiency as compared to the prior art, even when ambient
air temperatures below 0° C. are reached.

The object of the invention is achieved in part by a device
for icing prevention regulation for heat pump evaporators in
air conditioning systems of vehicles, composed of a subsec-
tion of a refrigerant circuit operable both as a heat pump as
well as an air conditioning system, which includes an air
conditioning system operating direction and a heat pump
operating direction, the flow direction of which on the
refrigerant side may be identical or opposing, comprising

the heat pump evaporator which functions during air
conditioning system operation in the air conditioning
system operating direction as an air conditioning sys-
tem condenser,

a preferably externally regulatable expansion valve for
opening and closing,

an electric or a mechanical refrigerant compressor,

refrigerant lines between expansion valve and heat pump
evaporator and between heat pump evaporator and
refrigerant compressor,

a cooler fan attached to the heat pump evaporator, which
draws ambient air upstream from and through the heat
pump evaporator at an adjustable flow speed, and
thereby permits a permanent flow of ambient air over
the heat pump evaporator surface,

a first temperature sensor in or on the refrigerant line
upstream from the heat pump evaporator with respect
to the heat pump operating direction, by means of
which the saturation pressure of the refrigerant
upstream from the evaporator may be ascertained, and

a control and regulating unit, which is connected via
signal lines at least to
the first temperature sensor,
additional sensors, measurement signal emitters or pro-

cessing units with calculated values, in particular for
detecting the ambient air temperature T,, and the
vehicle speed V,

20

25

30

35

40

45

50

55

60

65

4

optionally present sensors such as, for example, a
sensor for determining ambient moisture, a rain
sensor, which detects rain or snowfall, and to other
optional sensors,

the expansion valve,

the cooler fan, and

the refrigerant compressor when using an electric
refrigerant compressor or to the regulating valve of
a mechanical refrigerant compressor,

and which includes programmable means

for evaluating and processing measurement signals of
the sensors connected via the signal lines to the
control and regulating unit,

for directly or indirectly regulating the flow cross-
section of the expansion valve and the rotational
speed of the electric refrigerant compressor or the
regulating valve of the mechanical refrigerant com-
pressor, and

for actuating the cooler fan of the vehicle during heat
pump operation.

According to the inventive concept, this device makes it
possible to adjust the surface temperature level or the
refrigerant temperature in the entire heat pump evaporator to
a predefined temperature level.

According to one embodiment of the invention, to regu-
late the exit temperature T, a pressure sensor connected to
the control and regulating unit via another signal line is
provided at an arbitrary position, with or without intercon-
nected components, in the refrigerant line downstream from
the exit of the heat pump evaporator on the path to the
refrigerant compressor, with respect to the heat pump oper-
ating direction. For this purpose, a second sensor connected
to the control and regulating unit via another signal line is
preferably provided in the refrigerant line downstream from
the exit of the heat pump evaporator on the path to the
refrigerant compressor, with respect to the heat pump oper-
ating direction.

Alternatively, in place of the two individual sensors, a
combined pressure-temperature sensor is used, which is also
connected to the control and regulating unit via another
signal line, and is placed at an arbitrary position with or
without interconnected components, in the refrigerant line
downstream from the exit of the heat pump evaporator on
the path to the refrigerant compressor, again with respect to
the heat pump operating direction.

In one embodiment of the device according to the inven-
tion, potential pressure drops, in particular by components
which are placed between the exit of the heat pump evapo-
rator and the sensor position for determining the temperature
T, are stored per characteristics map in the control and
regulating unit.

In addition, a non-active heat exchanger, i.e., one not
perfused with refrigerant, for example, a chiller, connected
in the refrigerant circuit in the device, may also be provided
with a sensor, the sensor being designed to generate a
pressure signal, which may be used to detect measurement
values when regulating the exit temperature T,,,,.

In a particularly advantageous embodiment of the inven-
tion, a pressure drop characteristics map for the heat pump
evaporator is stored in the control and regulating unit. With
the aid of the ambient temperature T, and this pressure drop
characteristic map, it is possible to estimate the maximum
possible rotational speed of the compressor when using an
electric refrigerant compressor, or the maximum possible
control current of the regulating valve when using a
mechanical refrigerant compressor. In this case, the (com-



US 10,914,504 B2

5

bined) pressure and temperature sensors downstream from

the heat pump evaporator could even be eliminated.

The object of the invention is achieved in part by a
method for icing prevention regulation for heat pump evapo-
rators in air conditioning systems of vehicles, in which a
heating of the vehicle interior is carried out with the aid of
a heat pump having a heat pump evaporator, which uses
ambient air as a source for evaporating a liquid refrigerant.
In addition to the heat pump evaporator, the heat pump
includes at least one refrigerant compressor, one condenser,
and one expansion valve connected to the heat pump evapo-
rator. These components are connected to one another in the
indicated sequence by a refrigerant line which supports a
refrigerant circuit. According to the invention, the surface
temperature level of the heat pump evaporator and the flow
speed of the ambient air are regulated as a function of the
ambient air temperature upstream from the heat pump
evaporator in the following method steps:

a) detection of the ambient air temperature or the air inlet
temperature in the heat pump evaporator with the aid of
an ambient temperature sensor or a temperature sensor in
the air flow upstream from the heat pump evaporator;

b) detection of the inlet temperature of the refrigerant with
the aid of a first temperature sensor, which is disposed in
or on the refrigerant line upstream from the heat pump
evaporator with respect to the flow direction of the
refrigerant during heat pump operation,

¢) transmission of the detected measurement signals of the
sensors to a control and regulating unit, which evaluates
the detected measurement signals;

d) adjustment of the flow speed of the ambient air and of the
temperature level of the evaporator surface with the aid of
the actuators: opening cross-section of the expansion
valves, refrigerant mass flow in the refrigerant line and
rotational speed of a cooler fan, wherein
i. the flow cross-section of the expansion valve is directly

or indirectly regulated by the control and regulating
unit by closing the opening cross-section of the expan-
sion valve far enough that the refrigerant temperature
T,, at the inlet into the heat pump evaporator, at a
difference AT,, of between 0 to 5 K, preferably 0 to 2
K, is slightly below the detected ambient air tempera-
ture T,, and/or the air inlet temperature into the heat
pump evaporator, and wherein

i. the outlet temperature T, of the refrigerant exiting the

heat pump evaporator, which is largely determined by
the pressure drop and, therefore, by the mass flow of the
refrigerant, is regulated by adjusting the outlet pressure
from the heat pump evaporator via the compressor
rotational speed of the refrigerant compressor or, when
using a regulating valve for the refrigerant compressor,
via the control current, so that saturation temperature of
the refrigerant associated with outlet pressure, which is
ascertained with the aid of characteristic curves, poly-
nomial functions stored in the control and regulating
unit, or by access to libraries with detailed property
data functions, exhibits a difference AT,,,, relative to
the ambient air temperature of 2 K to 10 K, preferably
210 5K

The difference AT, between ambient air temperature T,
and the outlet temperature T, , is calculated based on the
sum of the difference AT,,,, relative to ambient air tempera-
ture T, and the superheating of the refrigerant. Preferably, as
the ambient air temperature continues to drop below 0° C.,
the temperature difference (refrigerant temperature—ambient
air temperature) is shifted in the direction of the maximum
value 10 K, preferably 5 K.
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The following advantages may be achieved with the
device according to the invention and with the method
according to the invention:

a minimization of the risk of icing,

the prevention of a power loss of the heat pump during

de-icing,

a higher achievable power consumption from the source

ambient air, and

an efficient operation of a (auxiliary) heating system, a

reduction of fuel consumption and an increase in the
range of electric vehicles.

According to the invention, the expansion valve, as pre-
viously mentioned, is used to regulate the inlet temperature
of' the refrigerant in the heat pump evaporator. In the process,
the valve is closed far enough that the refrigerant tempera-
ture T,, at the inlet of the heat pump evaporator lies lightly
below the ambient air temperature, or below the air inlet
temperature into the heat pump evaporator. If the expansion
valve is opened too far, the inlet temperature of the refrig-
erant rises above the ambient air temperature due to the
pressure drop in the heat pump evaporator. In this case, a
portion of the heat exchange surface is utilized not for
evaporation, but if necessary even for condensing of the
refrigerant. Instead of absorbing heat, heat is dissipated. As
a result, the efficiency of the air heat pump is negatively
impacted. Preferably, the valve is closed far enough that the
refrigerant temperature T,,, at the inlet of the heat pump
evaporator, at a difference of AT, =1 K, lies below the
ambient air temperature T,, and/or below the air inlet tem-
perature into the heat pump evaporator.

According to one preferred embodiment of the method
according to the invention, the outlet temperature T, of the
refrigerant is regulated by storing a pressure drop charac-
teristics map for the heat pump evaporator of the heat pump
in the control and regulating unit, and by estimating with the
aid of the ambient air temperature a maximum possible
compressor rotational speed of the refrigerant compressor
or, when using a regulating valve, the maximum possible
regulating current.

Unlike pure AC operation, the cooler fan of the vehicle is
also prompted at temperatures below 0° C. ambient air
temperature by the air conditioning system/heat pump, pref-
erably as a function of the travelling speed v, and/or by a
rain and/or moisture sensor signal.

Additional details, features and advantages of the inven-
tion are set forth in the following description of exemplary
embodiments with reference to the associated drawings, in
which

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a refrigerant circuit of a heat pump accord-
ing to the prior art;

FIG. 2 shows a diagram with the temperature curve of the
refrigerant over the flow length from the inlet to the outlet
of a heat pump evaporator compared with the ambient air
temperature T,, due to pressure drops, prior art;

FIG. 3a shows a diagram with the temperature curve of
the refrigerant over the flow length from the inlet to the
outlet of the heat pump evaporator with refrigerant tempera-
tures below the ambient air temperature T,

FIG. 3b shows a diagram with the temperature curve of
the refrigerant over the flow length from the inlet to the
outlet of the heat pump evaporator compared with air
ambient temperature T, when the temperature is regulated;

FIG. 4 shows a subsection of a refrigerant circuit includ-
ing sensors and actuators for the air heat pump having
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pressure and temperature sensors upstream and downstream
from the heat pump evaporator; and

FIG. 5 shows a subsection of a refrigerant circuit includ-
ing sensors and actuators for the air heat pump without
pressure and temperature sensors downstream from the heat
pump evaporator.

DETAILED DESCRIPTION

A prior art heat pump 100 from WO 2009/094691 Al
depicted in FIG. 1 comprises a refrigerant circuit having a
heat pump evaporator 170, a compressor 150, a condenser
140 and an expansion valve 130, which is situated between
the outlet of the condenser 140 and the inlet of the heat pump
evaporator 170. The connection between the heat pump
evaporator 170, the compressor 150, the condenser 140, the
expansion valve 130 and, in turn, the heat pump evaporator
170 are provided by refrigerant lines 190 for the refrigerant
flow. In the heat pump evaporator 170, the refrigerant liquid
absorbs the heat from the ambient air 180 and evaporates to
form refrigerant vapor. The compressor 150 compresses the
refrigerant vapor using mechanical energy and increases
temperature of the refrigerant vapor as a result. In the
condenser 140, the refrigerant vapor transfers its heat to the
heating circuit 145, the refrigerant vapor condenses and once
again becomes refrigerant liquid. In the expansion valve
130, the pressure of the refrigerant liquid is reduced by
opening the expansion valve 130 and the refrigerant liquid
again passes to the heat pump evaporator 170, in which
refrigerant vapor again forms as a result of absorption from
the heat of the ambient air 180, and thus, the circulatory
function is repeated. Attached to the heat pump evaporator
170 is a fan 160, which is connected to a control unit 120
which, in turn, is in signal connection with the compressor
150 and a temperature sensor 110. The heat pump 100
includes a refrigerant flow through the heat pump evaporator
170, which may be regularly or temporarily interrupted by
the control unit 120. During normal operation, the fan 160
draws ambient air 180 over one side 172 of the heat pump
evaporator 170, as a result of which the ambient air 180 is
conducted over the heat pump evaporator surface, and
refrigerant vapor is produced through absorption of heat
from the ambient air 180. In the case of an icing of the heat
pump evaporator 170, the very low temperatures in the icing
region being indicated by the temperature sensor 110, the
refrigerant flow in the compressor 150 is stopped by the
control unit 120. Subsequently, the air direction of the fan
160 is reversed by the control unit 120, i.e., with the aid of
the fan 160, the direction 480 of the air flow is diverted from
the side 174 to the evaporator surface, such that warmer air
is conducted onto the evaporator surface and the heat pump
evaporator 170 is de-iced.

FIG. 2 illustrates the disadvantages of the prior art with
reference to a diagram. The diagram depicts the temperature
curve of the refrigerant over the flow length from the inlet
to the outlet of a heat pump evaporator as compared to the
ambient air temperature T, based on the pressure drops,
with an inlet temperature T,,, and an outlet temperature T ..
Because of the pressure drops in the heat pump evaporator,
regulating the outlet temperature level, in particular when
using the refrigerants R134a and R1234yf, may cause a
refrigerant temperature T,, to occur having a temperature
difference of AT,,, above the ambient air temperature T, as
shown in FIG. 2. This results in heat dissipating into the
environment or in a reduction in the surface utilized for heat
absorption, and thus to reduced efficiency of the heat pump.
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According to the invention, the surface temperature level
and the refrigerant temperature in the entire heat pump
evaporator are adjusted to a predefined temperature level.
The diagram from FIG. 3a shows a simplified, linearly
decreasing temperature curve of the refrigerant over the
refrigerant flow length from inlet to outlet of the heat pump
evaporator having refrigerant temperatures below the ambi-
ent air temperature T, at a temperature difference AT,,, at the
inlet and a difference AT, at the outlet. This temperature
change is caused by the pressure drop on the refrigerant side
in the 2-phase region. The diagram from FIG. 356 shows a
temperature curve of the refrigerant when regulating the
temperature with a changing rise over the refrigerant flow
length from inlet to outlet of the heat pump evaporator,
compared with ambient temperature T, In this example, the
refrigerant is fully evaporated and superheated in the region
of the temperature rise.

The refrigerant temperature T,, at the inlet of the heat
pump evaporator, as shown in FIGS. 3a and 3b, with a
temperature difference AT,, of, for example, 1 K, lies
slightly below the ambient air temperature T, respectively,
below the air inlet temperature into the heat pump evapo-
rator. The outlet temperature T, of the refrigerant is largely
determined by the pressure drop and, therefore, the mass
flow of the refrigerant. For this purpose, the compressor
rotational speed of an electric refrigerant compressor or the
regulating valve of a mechanical refrigerant compressor is
regulated, such that the saturation pressure of the refrigerant
associated with the outlet pressure exhibits a certain differ-
ence AT, relative to ambient air temperature T,, namely
a difference between 2 to 10 K, preferably 2 to 5 K, as shown
in FIG. 3b. In the case of a temperature curve, as is shown
in FIG. 35, the difference AT, between the outlet tempera-
ture T,,, and the ambient air temperature T, is calculated
based on the sum of difference AT, and the superheating
of the refrigerant.

FIG. 4 shows a subsection 1 of a refrigerant circuit of an
air conditioning system as a device for icing prevention
regulation for a heat pump evaporator. The device 1 com-
prises a preferably externally regulatable expansion valve 2
having an air conditioning condenser 3 (AC condenser),
which functions during heat pump operation as a heat pump
evaporator 3 and is perfused during heat pump operation
preferably counter to the air conditioning operating direction
(AC operating direction) on the refrigerant side, a refrigerant
compressor 4 and refrigerant lines 5 between expansion
valve 2 and heat pump evaporator 3, and between heat pump
evaporator 3 and refrigerant compressor 4. According to
FIG. 4, a first temperature sensor 6 is arranged in or on a
section 5a of the refrigerant line 5 upstream from the heat
pump evaporator 3 and a combined pressure-temperature
sensor 7 is arranged in a section 556 of the refrigerant line 56
downstream from heat pump evaporator 3, in each case
relative to the heat pump operating direction. The measure-
ment signals from the sensors, from the first temperature
sensor 6 and the combined pressure-temperature sensor 7 are
processed by a control and regulating unit 8, which, in
addition to processing other sensors present in the vehicle,
for example the ambient air temperature T,, the vehicle
speed v, etc., for the heat pump, actuates the cooler fan 9
of the vehicle shown in FIG. 4 and regulates directly or
indirectly the flow cross-section of the expansion valve 2
and the rotational speed of an electric refrigerant compressor
4 or the regulator valve of a mechanical refrigerant com-
pressor 4. Optionally, still other sensors may be used for
determining the dew point or the condition of the ambient air
such as, for example, rain sensor or an ambient moisture
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sensor. For this purpose, the control and regulating unit 8 is
connected via at least one signal line 10, 104 to the external
regulator of the expansion valve 2, via at least one signal line
10, 1056 to the first temperature sensor 6, via at least one
signal line 10, 10c to the cooler fan 9, via at least one signal
line 10, 10d to the combined pressure-temperature sensor 7,
and via at least one signal line 10, 10e to the refrigerant
compressor or, respectively, a regulator for the refrigerant
compressor 4.

The cooler fan 9 attached to the heat pump evaporator 3
draws ambient air 11 at an adjustable flow speed upstream
from and through the heat pump evaporator 3, and thus
permits a permanent flow of ambient air (11) over the heat
pump evaporator surface. Unlike the pure air conditioning
system operation (AC operation), the cooler fan 9 is also
prompted at temperatures below 0° C. ambient air tempera-
ture T,, by the air conditioning system (heat pump), prefer-
ably as a function of the travelling speed v. The expansion
valve 2 is used to regulate the inlet temperature T,, into the
heat pump evaporator 3. In the process, the expansion valve
2 is closed far enough that the refrigerant temperature T,, at
the inlet of the heat pump evaporator 3 lies slightly, for
example, 1 K, below the ambient air temperature T,
respectively, below the air inlet temperature into the heat
pump evaporator 3. If the expansion valve 2 is opened to
wide, the inlet temperature T,, rises above the ambient air
temperature T,, because of the pressure drop in the heat
pump evaporator 3. In this case, a portion of the heat
exchange surface is used not for evaporating, but, if neces-
sary, even for condensing the refrigerant. As a result, the
efficiency of the air heat pump is negatively impacted.

The outlet temperature of the refrigerant is determined
largely by the pressure drop and, thus, the flow mass of the
refrigerant. For this purpose, the compressor rotational
speed of an electric refrigerant compressor 4 is regulated or,
respectively, the regulating current of a regulator for a
mechanical refrigerant compressor 4 is adjusted so that the
saturation temperature of the refrigerant associated with the
outlet pressure lies below the ambient air temperature T,
and thereby maintains a certain difference relative to this
ambient air temperature T, (preferably 5 to 10 K). In this
case, the saturation temperature of the refrigerant is deter-
mined according to FIG. 4 based on the pressure signal p
detected by the combined pressure-temperature sensor 7,
with the aid of characteristic curves, polynomial functions
stored in the control and regulating unit 8, or by access to
libraries having detailed property data functions.

There is also the possibility of storing a pressure drop
characteristics map for the heat pump evaporator 3 and to
estimate the maximum possible compressor rotational speed
or the maximum possible regulating current with the aid of
the ambient air temperature T,,, below which the saturation
temperature of the refrigerant associated with the outlet
pressure lies, while maintaining a specific difference AT,
relative to this ambient air temperature T,, namely of
preferably 5 to 10 K. In this case, the potentially combined
pressure and temperature sensors downstream from the heat
pump evaporators 3 may be climinated, as shown by the
device 1 in FIG. 5. Thus, the device 1 for icing prevention
regulation for a heat pump evaporator 3 according to the
representation in FIG. 5 lacks, in contrast to FIG. 4, a
pressure-temperature sensor 7 downstream from the heat
pump evaporator 3, with respect to the heat pump operating
direction, and a corresponding signal line 104 from the
pressure-temperature sensor 7 to the control and regulating
unit 8.
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LIST OF REFERENCE NUMERALS

1 Device, subsection of a refrigerant circuit of an air
conditioning system

2 Expansion valve

3 Heat pump evaporator, air conditioning system condenser,
(AC-condenser)

4 Refrigerant compressor

5 Refrigerant line

5a Section of the refrigerant line (upstream from the heat
pump evaporator 3)

5b Section of the refrigerant line (downstream from the heat
pump evaporator 3)

6 (First) temperature sensor

7 (combined Pressure-temperature sensor

8 Control and regulating unit

9 Cooler fan

10 Signal lines

10a Signal line (between control and regulating unit 8 and
expansion valve 2)

105 Signal line (between control and regulating unit 8 and
(first) temperature sensor 6)

10c¢ Signal line (between control and regulating unit 8 and
cooler fan 9)

104 Signal line (between control and regulating unit 8 and
pressure-temperature sensor 7)

10e) Signal line (between control and regulating unit 8 and
refrigerant compressor 4)

11 Ambient air

T,, Ambient air temperature

T,,, Inlet temperature (of the refrigerant in the heat pump

evaporator 3), refrigerant temperature at the inlet into the

heat pump evaporator 3

e Outlet temperature (of the refrigerant exiting the heat

pump evaporator 3)

AT,, Difference of the inlet temperature of the refrigerant
entering the heat pump evaporator relative to the air
ambient temperature T,,

AT, Difference of the outlet temperature of the refrigerant
relative to the environment

AT, .. Difference of the saturation temperature of the refrig-
erant associated with the refrigerant at the outlet of the
heat pump evaporator relative to the environment

V Driving speed, vehicle speed

p Pressure, pressure signal

100 Heat pump (prior art)

110 Temperature sensor (in heat pump 100 according to the
prior art)

120 Control unit (in heat pump 100 according to the prior
art)

130 Expansion valve (in heat pump 100 according to the
prior art)

140 Condenser (in heat pump 100 according to the prior art)

145 Heating circuit (in heat pump 100 according to the prior
art)

150 Compressor (in heat pump 100 according to the prior
art)

160 Fan (in heat pump 100 according to the prior art)

170 Evaporator (in heat pump 100 according to the prior art)

172 Side of the evaporator 170 (in heat pump 100 according
to the prior art)

174 Side of the evaporator 170 (in heat pump 100 according
to the prior art)

180 Ambient air

190 Refrigerant lines (in heat pump 100 according to the
prior art)

T
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480 Direction of the air flow (in heat pump 100 according to
the prior art)

What is claimed is:
1. A device in an air conditioning system for a vehicle for
regulation of a surface temperature level and icing preven-
tion regulation for a heat pump evaporator, comprising:
the heat pump evaporator which functions during an air
conditioning system operation in an air conditioning
system operating direction as an air conditioning sys-
tem condenser,
an externally regulatable expansion valve for opening and
closing,
a refrigerant compressor,
refrigerant lines between the externally regulatable
expansion valve and the heat pump evaporator and
between the heat pump evaporator and the refrigerant
compressor,
a cooler fan attached to the heat pump evaporator which
draws ambient air upstream from and through the heat
pump evaporator at an adjustable flow speed, and
thereby permits a flow of the ambient air over a heat
pump evaporator surface,
a first temperature sensor arranged at the inlet of the heat
pump evaporator, for detecting the refrigerant tempera-
ture upstream from the heat pump evaporator with
respect to a heat pump operating direction, and
a controller for storing a pressure drop characteristic map,
the pressure drop characteristic map corresponding to a
pressure drop of the heat pump evaporator, the pressure
drop determining the Tout of the heat pump evaporator,
the controller being directly connected to the externally
regulatable expansion valve, the controller being con-
nected to the externally regulatable expansion valve via
signal lines, the controller being further connected at
least to
the first temperature sensor,
additional sensors, measurement signal emitters or pro-
cessing units with calculated values for detecting the
ambient air temperature (Tu) and a vehicle speed
(VF),

the cooler fan, and

the refrigerant compressor,

wherein the heat pump evaporator operates counter to the
air conditioning operation direction during icing pre-
vention regulation;

wherein the heat pump function is continuously main-
tained at below 0° C. ambient air temperature;

wherein the controller is adapted to control the externally
regulated expansion valve such that the inlet tempera-
ture of the refrigerant at an inlet of the heat pump
evaporator lies below the ambient air temperature being
below 0° C.;
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wherein the controller is adapted to prompt the cooler fan

at below 0° C. ambient air temperature;

wherein the device is a subsection of a refrigerant circuit

operable both as a heat pump system and the air
conditioning system, the heat pump system having a
heat pump operating direction, the air conditioning
system having the air conditioning system operating
direction, the heat pump operating direction being
opposing to the air conditioning system operating
direction.

2. The device according to claim 1, further comprising an
ambient moisture sensor for determining the ambient mois-
ture and/or a rain sensor which detects rain or snow fall.

3. The device according to claim 1, wherein a pressure
sensor is provided in order to regulate an outlet temperature
(T,,,) of the refrigerant from the heat pump evaporator, and
a second sensor connected to the control and regulating unit
via the another signal line is provided in the refrigerant line
downstream from the outlet of the heat pump evaporator on
the path to the refrigerant compressor, with respect to the
heat pump operating direction.

4. The device according to claim 1, wherein potential
pressure drops in the refrigerant line placed between the heat
pump evaporator outlet and a pressure sensor for regulating
the outlet temperature (T,,,) of the refrigerant from the heat
pump evaporator are stored per the pressure drop charac-
teristic map in the control and regulating unit.

5. The device according to claim 1, wherein a maximum
rotational speed of the compressor when using the electric
refrigerant compressor, or a maximum control current of the
regulating valve when using the mechanical refrigerant
compressor being estimated with the aid of the ambient
temperature (T,).

6. The device according to claim 1, wherein the refriger-
ant compressor is an electrical or a mechanical compressor,
and the signal lines connect the control and regulation unit
to the refrigerant compressor if the electric refrigerant
compressor is used or to a regulating valve of the mechanical
refrigerant compressor if the mechanical refrigerant com-
pressor is used.

7. The device according to claim 6, wherein the control
and regulation unit has technical programming measures for
regulation of a rotational speed of the electric refrigerant
compressor or of the regulating valve of the mechanical
refrigerant compressor.

8. The device according to claim 1, wherein a valve
element of the externally regulatable expansion valve opens
or closes a flow cross-section of the externally regulatable
expansion valve, a regulating valve of the refrigerant com-
pressor opens or closes the refrigerant compressor and a
motor of the cooler fan adjusts a rotational speed of the
cooler fan of the vehicle during heat pump operation.

#* #* #* #* #*
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