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DEVICE AND METHOD FOR ICING
PREVENTION REGULATION FOR HEAT

PUMP EVAPORATORS

CROSS-REFERENCE TO RELATED
APPI.I('A1'IONS

'ibis application is the National Phase entry of Interna-
tional Application No PCT/EP/2013/054679, filed Mar. 8,
2013, which clmms pnority Io German Application No. 10
2012 102 041.8. filed Mar. 9. 2012. both of which are
incorponucxt barmn by refi:rcncc in their entireties.

TECHNICAL FIELD

lllc invention rclatcs Io a device and a method for icing
prevention regulation for heat pump evaponltors in air
conditioning systems of vehicles.

'lhe im ention resides in the Iield of heat pumps having
anlbient air as a heat source. The use of heat pumps v.ith
ambicni mr as a source for heating Ihe passenger inlcnor line
been studied by seveml institutes, vehicle manufacturers and
suppliers. When opcraung heat pumps v;1th ambimlt mr
source at refrigerant temperatures, in particular at or below
O'.. Ihere is Ihc risk oi icing on thc mr side oi Ihe heat
pump evaporator.

BACKGROUND

'lhe icing of the evaponltor is a physical pnlcess. which
is infhienced essentially by the following factors

the surface tempemture of the evaporator;
the dew point of the air flowing over the evaporator. and
ihe flow spccd of Ihc air conducted over Ihc evaporator.
When cooling moist mr, either air moisture is condcnscxt,

winch Ibnns ice crystals at Icmpcratures below O'., which
coalesce to form a layer of ice Air inoisture may also
desublinlate and form a layer of frost If the evaponltor
continues to be opemted under these conditions. the ice/frost
layer will groiv and reduce the flow cross-section of the
cvaporaior on Ihc air sale. AI Ihe Came lime. Ihe Imal Iransfi:r
resistance between air and evaporator surface is incrcasixh
With Ihc fan opcruting at thc same output, Ilus results ul B

reduced flow speed of the air conducted over the evaporator
due to the higher pressure drops, ivhich proinotes the for-
mation of frost. Eventually, the evaporator will accrete frost
or ice. The system can no ion er be opemted if the evapo-
rator is Ibozen. Thc sucuon prcssure would conlmue Io drop.
Consequently, us a further disadvaniage, additional cxpml-
diturc oi heat mlcrgy is required in order to dc-icc the
evaporator

lcin of the evaporator is prevented in the prior att by uot
operating the heat pump at ambient air tempemtures below
O'., in the case of the Toyota Prius plug-in hybrid design,
even Bt +5' To dc-icc thc heat pump evaporator, thc
rcfrigcmnt circuit is switched over imd operated in mr
conditioning mode (AC-mode). In tlus case, die heat pump
evaporator assumes the function of the condenser and is
perfused with a hot refrigemnt In the process. ice which has
accumuLated on the outside of the heat pump evaporator is
melted, and the frozen heat pump evaporator opemted as a
condenser is actively dc-iced. Thc disadvantage of tlus
1 Brie nt is Ihat dunng theactivc dc iculg phase not only is the
heal pump lunction unavailable, bul in addition, Ihc mr
supplied to the interior via the evaporator is further cooled
in the air conditioning system 'I'his increases the deficit in

thc hciitlng oiitpiit cvcn nxuc. Th& ilisadvanlagc ciin univ bc
alleviated by increasing the complexity of the refrigerant
ciiciltt intel'coilficctloils.

A further disadvantl e is that in the phase of the fmzen
AC condenser upstream from the engine radiator. the air
flow nnd. therefore. the engine coolin are only insufli-
cicntly ensured.

A method Ibr opcratulg a heat pump at low ambicni air
temperatures for a heating circuit is described in the publi-

Io cation WO 200CP094691 A I, in which a heat PumP
described therein comprises an evaporator, a compressor, a
condenser, an expansion valve„ ivhich is situated between
the outlet of the condenser and the inlet of the evaporator.
Thc evaporator. thc compressor. thc condenser, thc expan-
sion valve mid, in Ium. Ihc evaporator are connected to onc
aralther by lines. The refrigenlnt liquid in the evaporator
absorbs the heat fmm the ambient air and evaporates. 'the
compressor compresses the refrigerant vapor using,
mechamcal energy and thereby increases the pressure and

zo temperature. The refrigerant condenses in the condenser and
heats Ilm mcdnim of Ihc hcaung circuit

In Ilm expmnion Valve, Ihe pressure und Ihc Icmpcrature
of the refrigerant liquid are reduced by opening the valve
1'he refrigerant liquid then flolvs hack into the evaporator
1'here, the air flowing through the evaporator is cooled and
the tv o-phase refri erant is evaporated.

Attached to the evaporator is a fan connected to a control
llnlt vvhlch, ill turn, Is ln signal coluu:ction wilh Ihc conl-
prcssor and B Icmperaturc sensor Thc heat pump includes B

lo refrigerant tiolv through the evaporator, which may be
regularly or temporarily interrupted by the contml unit
I yulring normal operation. the fan draws anlbient air over one
side of the evapomtor. as a result of which the ambient air
is conducted over the evaporator surface, whereby refriger-

li ant vapor is produced Bs B result of heat absorbed Irom Ihe
ambimlt air. In thc el cnt of icing of lhc evaporator. ul wluch
Ihc very low Iclnpcl'iitulin in Ihc Icillg region Brc indicBIcx!

by the temperature sensor, the refri enlnt is stopped in the
cmnpressor by the control unit The evaporator is then

So reversed from the side in the direction of the air stril ing the
surface of the evaporator, so that warmer air is conducted
onlo Ihc evaporator surface Bnd thc evaporator is de-icciL

Onc diaadvantagc is thai ul the cvcnt oi iculg, Ihc rcfrig-
crant flow must be interrupted and a greater cxpcnditurc of
electrical ener y is required for de-icing Moreover, electric
vehicles do not have warm air During the de-icing phase,
the heat plunp is unavailable. A redundant heating system
must then be designed.

A method and B systmn Ibr controflulg rcibigcmnt pres-
a sure in an Bir conditioning systmn are descnbed in Ihe

publication US 2006/0288716 A, thc systmn being com-
prised of a conlpressor. a condenser and an evaponltor,
which are arranged in a closed refrigerant circuit 1'he
condenser is subdivided into at least two valve-controfled

s. units. In the event of potential icing, at least one unit of the
condenser is switched ofl: High pressure in thc evaporator is
released w 1th the aid of Bn additiollal valve, thereby ulcrcas-
ing Ihc pressure level ul Ihc evaporator and low crulg Ihe risk
of icin .

io Also known from the prior art is a regulation for prevent-
in Icin by regulating the outlet temperature level of the
refri erant exiting the heat pump evaporator When using the
reibigcrant R134a (1.1,1,2-tctrafluorocthunc) or refngerants
with sinular property tiara such as. Ibr cxmnple, R1234yf

Si (2,3,3,3-tetratluoropropcnck there is a greater amplilication
factor between the pressure loss in the heat punlp evaporator
and the surface tempenlture of the evaporator (temperature
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glide m thc evaporator caused by Ihc prcssure loss) than
ivhen using the refri emnt R744 (COS). If the expansion
1 Blvc Is opcutxl 100 w ltltx lhc pit:ssUrc ifop Iu thc hcdl pitulp
evaporator increases and the surface temperature of the heat
pump et aporator Vs Ill drop locdfly m flte region in winch thc
refrigerant exits the evapomtor 1'0 prevent this from leading
to local icin „ the cross-section of the expansion valve Is
closed by a re ulator if the measured santmtion temperature
of the refrigemnt is too low, but at the same time no
supcrhcatuig Is dctectcd. In this case, thc rcfrigcrant mass
flow must also be reduced. In an electric compressor, this Is

occUIS fliroUgh lhc I'ctlUcliou ol lhc lonttioual spcLLI of thc
compressor. 'I'his is accontplished in an externally regulated
mcchmucal reciprocal compressor by dctualuig a regulalor
valve in such a way that the compressor stroke i ~ reduced.
Regulating the exit temperature leveL in particular. when
using the R134a and I11234yf refrigerants„may cause a
refrigerant temperature above the ambient air temperature to
occur al Ihc entrance to thc heat pump evaporator, due lo thc
pressure drops in the heat pump evaporator. This results in
heal dissipating to thc surroundin cnviromncnt or lo a

reduction in the surface used for heat absorption, and tints to
rtxiuced ellicicncy of thc heal pump.

SUMMARY

llic oblcct of ihc uivmition is to provxlc a device and a
method lor Icuig prevention rcgulauon, m v,hich thc heal
pump function is continuously maintained v ith improved
efficiency as compared to the prior arL even v hen antbient
air temperatures below 0" C. are reached

The object of the invention is achieved in part by a device
for icing prevention re ulation for heat pump evaporators in
mr condiuoning systcnw ol'cluclcs, composed ol'a subsec-
tion of d rclrigcrant circuit opcrablc boih as a heal pump as
wt:11 Bs du Bir colltlilioiiiug svslcul, which IuclUtlcs Bu Bir
conditioniim system operatutg direction and a heat pump
operatiim direction, the flow direction of which on the
refrigerant side may be identical or opposing. comprisin

the heat pump evapomtor which functions during air
conditioning system opcmlion ui thc mr conditioning
svstt:ui opt:raliiig tllit:cllou Bs ttu ttir coutliliouuig sys-
lt:ui coiltlt:llscr,

a preferably externally regulatable expansion valve for
openin and closing.

an electric or a mechanical refrigerant compressor,
refrigerant lines betv een expansion valve and heat pmnp

evaporator and betwtmn heat pump evaporator and
refrigerant compressor.

a cooler fan attached to thc heal pump evaporator, which
draws antbient air upstremn fmm and through the heat
pump evaporator at an adjustable flotv speed, and
thereby permits a pemtanent flow of ambient air over
the heat pump evapomtor surface.

a lirst tcmperaturc sensor ui or on ihe rcfrigcranl linc
upstream from Ihc heat pump evaporator with respect
to the heat pump opcratuig dirccuon, by means oi
which the saturation pressure of the refrigerant
upstreanl front the evapomtor ntay be ascertained, and

a control and regulating unit. which is connected via
signai lines at least to
lhc first tt:ulpt:I'SIUII: season
dtltlilional sensors, mcasuremcnl signal cnullers Or pro-

cessing units with calculated values, in patsicuiar for
detecting the ambient air temperature 1 „and the
vehicle speed Vr,

optionafly present sensors such as, lbr cxamplc, a

sensor for determining ambient moisture. a msin

sensor. which detects rmn or snowlafl, and lo other
optional sensor~.

lhc cxpausittu vali tv

the cooler fan, and
the refri creat contpressor when usia an electric

refrigerant compressor or to the regulatutg valve of
a mechanical refrigerant compressor,

I it and Vshich includes programmablc means
for evaluatin and processing measurement signals of

the sensors connected via thc signal lines to thc
control mtd regulatin unit,

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

ftir actuating ihe cooler Ibn of thc vcluclc during heat
pump operation.

Accordutg to Ihc un enuvc concept, this dcvicc makes II

possible to adjust the surface temperature level or the
refrigerant temperature in the entire heat pump evaporator to
a predefined tenlperature level.

According to one embodiment of the Invention. to regu-
late the exit temperature T„„. a pressure sensor connected to
thc conlrol and rcguldiing unit via another signal lute is
provided at an arbiudry position, with or without uitcrcon-

so nected components. in the refrigerant line downstream from
the exit of the heat pump evaponstor 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 urut via another signal line is

Is prcft:rably provided ui thc rclbigcrant linc downstream from
lhc cail ttl lhc heal pUuip cvttpol'Illor ou tht: pall 10 lht:
rclyigcrant compressor, with resptxi to tlm heat pump oper-
ating direction.

Alternatively, in place of the two individual sensors, a
do combuted pressure-temperature sensor Is used. which is also

connected to the control and regulatin unit via another
signal linc. and is placed at mi arbitrary position with or
wilhoul uitcrcorutcclcd components, In the rclugcrdnl lute
dowuslrctuu from thc cxii of Ihc 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, m particular by components
which are placed betwcmn lhc exit ol'he heat pump cvapo-

O ralor and Ihc sensor posiiion for dclcnniiung Ihe lcmpcra lure
T„„, arc stored per characleustics map in thc conuul and
regulating unit

111 addition, a non-active beat exchailger, i.e, one not
perfused with refrigerant, for example, a clfifler, connected

1. in the refrigerant circuit in the device. may also be provided
wilh a sensor. thc sensor being dcsigucd to generate a
prcssure signal, which ulav'l: Ustxl to tlt:lt:ct IULttsUIculcul
values when rcgulaung thc exit tmnperdturc T„„,.

In a particularly advantageous embodiment of the inven-
to 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,rand this pressure drop
characlcnslic map, It Is possible lo csumalc lhc maxunum
possible rotauonal speed ol'he compressor when using an

Ss clcctnc refrigerant compressor, or ihc maximum possible
cmttrol current of the regulating valve when using a
mechanical refrigerant compressor In this case. the (com-



US 10,914,504 B2
i

bmml) prcssure und tcmperdturc sensors dowiwtrcam from
the heat pump evaporator could even be eliminated

'lhe object nf the mvention is achieved in part by a
method fitr iciim prevention regulation for heat pump evapo-
rators in air conditioning systems of vehicles, in which a
heating of the vehicle intenor is carried out with the aid of
d hcdl pUIIip haVlilg d heal pliillp CvapLIIBIOL, V,hiCh IISCS

ambicni mr as a source lor cvaporaung a liquid refugcranl.
In addition to the heat punip evaporator, the heat pump
includes at least one refrigerant compressor, nne condmtser,
and one expansion valve connected to the heat pump evapo-
rator. These components are connected to one another in the
indicated sequence by a refngerant line which supports a
refrigerant circuit. According to llm invention, lhe surlacc
iempcralurc lovel of thc heat pump evaporator and the flow
speed of the ambient air are reguLsted as a hutction of the
ambient air temperature upstream fnlm the heat pump
evaporator in the following method steps
a) detection of the ambient air tempemsture or the air inlet

temperature in the heat pump evaporator with the aid of
mi ambient tempera lure sensor or a lcmpemiurc sensor In
ihe air flow upstream from thc heal pump evaporator,

b) detection of the inlet temperature of the refrigerant v ith
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 durin heat pump opemstion.

c) transmission of ihc dctcctcd mcasurcmeni si imls of thc
scllsors lo II colurol Bill rcgUlaliilg iiilil, whu:h cvalUiilcs
the detected measurentent signals;

d) adjustment of the flow speed of the ambient air and of the
temperature level of the evaponstor surface with the aid of
the actuators opening cross-section of the expansion
valves. refrigerant mass flow in the refri erant line and
Lolaltollid SpCIXI Of II COOICI lail, WhcrCIU
i. thc flow cross-section of thc expansion valve is directly

or uidireclly regulated by thc control mid rcgulaluig
unit by clnsing the openuso cross-section of the expan-
sion valve far enough that the refrigerant temperature
T„, at the inlet into the heat pump evaporator. at a
difl'erence AT,„of between 0 to 5 K. preferably 0 to 2

K, is slightly below thc dctcctcd mubicnt air tcmpcra-
turc T, and/or thc air Inlet Icmperaturc inlo lhc heal
pump evaporator, and whcrcin

ii the outlet temperatuie 'I', of the refrigerant exiting the
heat pump evaporator, w:hich is Lsrgely determined by
the pressure drop and. therefore. by the mass flow of the
refrigerant. is re ulated by adjusting the outlet pressure
from Ihc heal pump evaporator vid Ihe compressor
rolaliomil speed of lhc rclrigcranl compressor or. when
lisiiig a rcgUlatiilg vtilvc Iol lhc rcf11gixBIII coluplcssor,
via the cnntml current, so that saturation temperature of
the refrigerant associated with outlet pressure, winch is
ascertained with the aid of chamscteristic curves, poly-
nomial functions stored in the control and regulating
umt. or by ucccss lo hbranes wifii dctmlcd property
data functions, cxlubim a dilTerencc AT„„„rclalive lo
thc ambient air tempcraturc of 2 K io 10 K, prcfcrably
2tofiK

'lhe ditTerence A I',„, between ambient air temperature 'I'0,

and the outlet tempemsture T„d is calculated based on the
sum of the difference AT„„„relative to ambient air tempem-
turc Ti.mid lhc superheating ol'the rein cmnt. Prcfcrably, as
thc ambient air tmupcraiure contuiucs to drop below O'.,
thc tcmpcralure diflcrcncc (refrigerant Icmpcraluro—ambmul
air teniperature) is shifted in the direction of the maxinuun
value 10 K. preferably 5 K

Thc liillowing advmitdgcs may bc nchievcd with thc
device according to the invention and v ith the method
dCCoriliiig lo thC ILLVcluiiiu.

a minimization ol'hc usk of icuig,
the prevention of a power lnss of the heat piunp during

de-icing,
a higher achievable power consumption fmm the source

ambient air, and
an efficient operation of a (auxjhary) heatin system, a

Ui reduction of fuel consumption and nn uicrcasc in thc
range of clccinc Vehicles.

According to the invention, the expansion valve, as pre-
viously nientioned, is used to regulate the mlet tempensture
of the refrigerant in the heat pump evapomstor. In the process,
the valve is closed far enough that the refri emsnt tempera-
ture T„, at the inlet of the heat pump evaporator lies lightly
bclovv thc ambient mr icmpcraiurc, or below thc mr uilcl
tclllpcliiuilc Iiuo lhc hi nl pliillp cvdporBtor. H Illc cxpallslou
valve is opened too far. the inlet temperature of the refrig-

10 emsnt 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
rcfugcrdnt. Instead of absorbing hcut, heal is dissipated. As
a result, lhc cllicicncy ol Ihc air lmdt pump is ncgalivcly
intpacted Preferably, the valve is closed far enough that the
refrigerant temperature 'I'„, at the inlet of the heat pump
evaporator. at a diflerence of AT„,=1 K. lies below the
ambient air temperature T,r and/or below the air inlet tem-

10 perature into the heat pump evaporator.
Acoorduig to onc preferred embodiment of thc mediod

according Io Ihc Invention. ihe outlet lcmpcralure T„„, of Ihc
refrigerant is regulated by storin a pressure drop charac-
teristics map Iitr the heat punip evaporator of the heat pump

Is in the contrnl 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 usuig B rcgulaung valve, ihe maximum possible
ICgiiliitiilg CUITCIu.

do 1)niike pure AC opensiion. the cooler fan of the vehicle is
also prompted at tempensiures below 0" I'inbient air
temperature by the air condi iioniim system/heat pump. pref-
emsbly as a function of the travelling speed vx and/or by a
rain md/or moisture sensor signal

Additional details, fbalurcs and advantages of the inven-
tion arc scl forth in ihc lollow ing dcscnption of cxcmplary
embodinients with reference tn the associated drawings, in
which

so BRIEF DESCRIPTION OF THE DRAWINGS

lil(i I slmivs a refrigerant circuit of a heat punip accord-
illg ti1 thc pnol'l fi

FICL 2 shows a diagram with the temperature curve of the
s. refrigemnt over the flosv length from the inlet to the outlet

of a heat pump evaporator comparcxl with thc ambient air
tcmpcraturc T,. duc to prcssure drops. pnor art:

FIT) 3a shows a diagram with thc tempcraturc curve of
the refngensnt over the flow length from the inlet to the

io outlet nf the heat pump evaporator with refrigerant tempera-
tures below the ambient air temperature Tcd

FICL. 31I shows a diagram with the tempemture curve of
the rcfngcranl over Ihe flow length Irom lhc Inlet to Ihc
outlet of thc heat pump eiaporator compared with air

Ss ambimil lcmpcrdlure T,. whmi Ihc tempcralurc is regulated,
lil(i 4 shnws a subsection of a refrigerant circuit includ-

ing sensors and actuators for the air heat pump having
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prcssure and tempcraturc sensors upstremn and downstrcmn
from the heat pump evaporator; and

FIG. 5 shows a subsixuon ol a relrigerant circuit uiclud-
ing sensors and actuators for the air heat pump without
prcSsl1 le illid tCillpiYilturc SCilsoi s doiwllSICCB111 ll olid tliC liCdl

pump evaporator

l)l I I'A II,I il ) Dl IS('RI PI'ION

A prior art heat punip 100 fmm VVO 2009'0946')I Al
depicted in FICi. 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
thc outlci of Ihc condenser 140 mid Ihe inlet of Ihc has! pump
evaporator 170 1he connection between the heat pump
evaporator 170, the compressor 150, thc condenser 140, thc
expansion valve 130 and. in turn. the heat pump evapomstor
170 are provided by refngerant lines 190 for the refrigerant
floiv In Ihe heat pmnp evaporator 170, the refrigemsnt liquid
absorbs the heat from the ambient air 180 and evaporates to
form rcfngcrant vapor. Thc compressor 150 compresses the
refrigerant vapor using mechanical energy and increases
Iempcraturc ol the refngermit vapor as a result. In thc
condenser 140. the refngerant vapor transfers its heat to the
heating circuit 145, the refngerant vapor condenses and once
again becomes refri emsnt liquid. In the expansion valve
130. the pressure ol'hc rclhgerant hquul is reduced by
opcnmg Ihc expamion valve 130 and thc reffigcrant liquid
again passes to the heat pump evapomstor 170, in which
refrigerant vapor again fiirms as a result of absorption front
the heat of the mnbient air 180. and thus„ the circulatory
function is repeated. Attached to the heat pump evaporator
170 is a fan 160, wluch is connected to a control unit 120
winch. ui Ium, is in signal connimtion with Ihc compressor
150 dnd a Imnperaturc sensor 110. The heat pump 100
includes a refngcrant tlow through thc heal pump evaporator
170. which may be regularly or temporarily interrupted by
the contml unit 120 Dunng normal operation, the fan 160
draivs 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 Ihrough absorption of heal
from the ambwnt air 180. In Ihc case of an wuig of the heal
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 res crscd by the control uiut 120, i.c., with the aid of
thc fan 160, Ihc dirccuon 480 of thc mr tlow is diver)est from
thc sale 174 to thc evaporator surl'ace, such that wanner air
is conducted onto the evaporator surface and the liest pump
evaporator 170 is de-iced

FI(t. 2 iflustmstes the disadvantages of the prior art v.ith
reference to a dia ram. The dm ram depicts the tempermue
curt c of Ihc refngerant over thc flow length lrom Ihe inlet
Io the outlet of a heat pump evaporator ds compared to thc
ambient air temperature T,, based on thc pressure drops,
with an inlet temperature 'I;„and an outlet temperature 'I'„,.
l)ecause of the pressure drops m the heat pump evaporator,
re ulating the outlet temperature level, in particular v.ben
using the refrigerants RI34a and RI234yf. may cause a
relrigcranl Imuperdturc T„, lo occur lrdving a Icmperalure
difli:rmice of AT„, above Ihc ambient mr temperature T,s as
shown ui FICi. 2. This results ui heat dissipatm into the
environnient or in a reduction in the surface utilixed for heat
absorption. and thus to reduced etTiciency of the heat pump.

According Io Ihc invention, Ihc surlacc tcmperdturc level
aitd the retrigerant temperature in the entire heat puitip
evaporator are adjusted to a predefined tempemstme level
'I'he diagram fmm liKi 3ri shoivs a simplified, linearly
decreasing temperature curve of the refrigerant over the
refrigerant flow length from inlet to outlet of the heat pump
evaporator having rclhgerant temperatures below thc ambi-
ent mr Imnpcrature T,rat d Iemperanirc ddlerencc AT„, at Ihe
inlet and a difFerence A'I'„„at the outlet 'I'his temperature

in change is caused by the pressure dmp on the refrigerant side
in the 2-phase region 1'he diagram from lil(i 36 shows a
temperature curve of the refrigerant when regulatin the
temperature with a changing rise over the refrigerant flow
length from inlet Io outlet of the heal pump evaporator.
compared with ambient temperature T„. In this cximip le, the
refrigerant is fully evapomted and superheated m the region
of the temperature rise

'I'he refrigerant temperature T„, at the inlet of the heat
pump evaporator, as slu&wn in FIC)S. 3a and 3k with a

m temperature difference AT,„of„ for example, I K. lies
slightly below Ihc ambient air tmuperdturc Ti., rcspimtively,
bclosv thc air inlet tcmpcraturc into thc heat pump cvapo-
mstor. I he outlet temperature 'I'„„of the refrigerant is largely
determined by the pressure drop and, therefore, the mass
flov of the refrigerant. I'or this purpose, the compressor
rotational speed of an electric refngerant compressor or the
regulatin vaive of a niechanical refrigerant compressor is
regula(cd, such that Ihc saturation pressure of Ihc refrigerant
associated with Ihe outlet pressure exhibits a certain ddli:r-

ic ence A'I',„, relative to anibient air temperature 1',, namely
a ditTerence benveen 2 to 10 K. preferably 2 to 5 K. as shown
in lii(i 36 In the case of a temperature curve, as is shown
in FICi. 3b. the difference AT „between the outlet tempera-
ture T„„and the ambient air temperature T,, Is calculated

is based on the sum of diflbrcncc AT,„, and thc supcrhcanng
of Ihc relrigerant.

FICi 4 shows a subsection 1 of a refngerant circuit ol'an
air conditioning system as a device fiir icing prevention
regulation for a heat pump evapomstor 1 he device I com-

do prises a preferably externally regulatable expansion valve 2
having an air conditioning condenser 3 (AG condenser),
WillC11 filllCIiollS durlllg lli at pllllip iipCCBtloll Bs d licdi pillllp
evaporator 3 and is perlhscd during heat pump operation
prcfcrably counter to Ihc air conditioiung operating direction
(A('perating direction) on the refrigemsnt side. a refrtgemsnt
compressor 4 and refrigerant lines 5 between expansion
valve 2 and heat pump evapomstor 3„and betv een heat pump
evaporator 3 and refrigerant compressor 4 According to
FIG. 4, a lira) tcmpcrdture sensor 6 is arranged in or on d

c Sec(lou 5B Of (11C IcfllgCrailt litle 5 upstrcillll fioill tile 11CBI

pump evaporator 3 and d combuicd prcssure-Icmpcrature
sensor 7 is arranged in a section 56 of the refrigerant line 51i

downstreain from heat pump evaporator 3. in each case
relative to the heat pump operating direction. The measure-

s. ment signais from the sensors. from the first temperature
sensor 6 and Ihc combined prcssure-tcmpcrature sensor 7 arc
proccsscd by a control dnd regulating unit 8, wluch, in
addition to processing other sensors prcscnt in the vchmle,
for example the ambient air temperature 1,„ the vehicle

ic speed vr, etc., for the heat pump, actuates the cooler fan 9
of the vehicie shown in FIG. 4 and regulates directly or
indirectly the flow cross-section of the expansion valve 2
and Ihc rotational spccst of an clcctnc rcfrigcrant compressor
4 or Ihc regulator valve ol' mechanical rcltigerant com-

as prcssor 4. Optionally, still other sensors may be used lor
determining the dew point or Ihe condition of the ambient air
such as, tiir exaniple, rain sensor or an ambient moisture
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smisor. For Ilus purpose, the control and regulating uru1 8 is
connected via at least one signal line 10. 10a to the external
regulator of Ilu: expansion valve 2, via at leas1 one signai lute
10. IUb to the first temperature sensor 6, via at least one
sigruil linc 10, 10C to the cooler fmt 9. vta at least one signal
line 10, 10d to the contbmed pressure-tempemsture sensor 7,
and via at least one sicgual line 10, 10e to the refrigerant
compressor or, respectively. a regulator fiir the refrigerant
conipressor 4.

lite cooler fan 9 auached Io thc heat pump evaporator 3

draws ambient air 11 at an adjustable flow speed upsrream
from dnd tltrough thc heat pump evaporator 3. and Ilnis
perntits a permanent flow of ambient air (I I) over the heat
pump evaporator surface. Unlike Ihe pure air conditioning
systent operation (A('peration), the cooler fan 9 is also
prompted at temperatures below O'. mnbient air tempem-
ture 'I'c by the atr conditioning system (heat pump). prefer-
ably as a function of the travelling speed vm. The expansion
i alve 2 is uscsl Io regulate Ihc uriel temperature T„, into thc
heat pump evapomtor 3. In the process, the expansion valve
2 is closed far enough Ihat the rcfngcrant tcmpcraIurc T„, at
the inlet of the heat pump evaporator 3 lies slightly, fiir
example, I K. below the ambient air temperature 'I'c„

respectively. beloiv the air inlet temperature into the heat
pump evaporator 3. If the expansion valve 2 is opened to
svide, the inlet temperature T„, rises above the ambient air
Iempcraturc To because of thc pressure drop m Ihe heal
pump evaporator 3. Iu Ilus case, a portion of Ihc heal
exchange surface ts used not for evaporating, but, if neces-
sary, even for condensing the refrigerant. As a result. the
efficiency ot tile air heat pump is negatively impacted

The outlet temperature of the refrigerant is derermined
largely by the pressure drop and. thus. the flow mass of the
relrigcrant. For thm purpose, thc compressor rotatiorml
speed ol'n clcctnc rcfngcrant compressor 4 is regulated ur,
respectively. Ihc regulating current of d regulator lor a
niechanical refrigemsnt conipressor 4 is adjusted so that the
saturation temperature of the refrigerant associated with the
outlet pressure lies below the ambient air tempermue Tc„
and thereby maintains a certain diflerence relative to tlus
ambient air tempcraturc T, (preferably 5 Io 10 K). In tlus
case, the saturation temperature of the relhgcrmit ts deter-
mined according to FIG. 4 bascsl on thc pressure signal p
detected by the combined pressure-temperature sensor 7,
with the aid of clmracteristic curves, polynomial functions
stored in the control and re ulating unit 8. or by access to
libraries bavin detailed property data functions.

llierc is also thc possibthty of storm a pressure drop
cluiracicnstms map fiir the heat pump evaporator 3 and Io
cstimdic ihe maximum possible compressor rotaIioiril speed
or the maxintunt possible regulating current v ith the aid of
the ambient air temperature 'I',, beloiv which the saturation
temperature of the refrigemsnt associated with the outlet
pressure lies. while maintaining a speciiic diflerence AT„,„,
rclativc to Ibis umbmnt air temperature T,, rmmcly of
prcfi:rably 5 to 10 K. Iu tlus case, thc potentially combuted
prt:saute tllid tctllpiYtlturc scilsoi s ikiwllslrcBiti llolli tlic lied l

pump evaporators 3 may be eliminated. as shown by the
device I in liffi 5 'I hus. the device I tiir icing prevention
re ulation for a heat pump evaporator 3 accordin to the
representation in FICi. 5 lacks, in contrast to Flfrb 4, a
pressure-Imuperdturc scrmor 7 downstream lrom Ihc heat
pulllp cvtipoI'ti(or 3. wltll Icspcct Io Illc lieut pillllp riper dllllg
tllrCCIltiii, tllid d corrcspolldlllg Slgtlsl liiiC 104 Irolli 111C

pressure-temperature sensor 7 to the control and regulating
11IIit 8
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LIST OF REFERENCE NUMERALS

1 Dcvicc, subsection ol' rcfngerant circuit of an air
conditioning system

2 Expansion valve
3 Iieet pump evaporator. air conditioning systent condenser,

(AC-condenser)
4 Refngermit compressor
5 Refngerant line

I it 5a Section ol'he refrigerant lute (upstream from thc heat
pump evaporator 3)

5b Section ol'he rcfmgcrant lute (dowimtrcam I'rom thc heat
pump evaporator 3)

6 (First) Imnpcrdture smisor
7 (conibined Pressure-tempemsture sensor
8 Control and re uhsting unit
9 ('ooler fan
10 Sigrml lines
10a Signal linc (bctwccn control and regulating uiut 8 and

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

(hrst) teinperature sensor 6)
IUC Sigtmi line (between control and regulating unit 8 and

cooler fan 9)
10d Staual line (between control and regulating unit 8 and

pressure-tempemsnire sensor 7)
10e) Signal luis (bc(st cmi control and regulating unit 8 and

refrigcrmtl compressor 4)
iil 11 Atlilucrlt ml'I'o

Ambient air temperature
'I;„ Inlet temperature (of the refrigerant in the heat pump

evaporator 3). refri erant temperature at the inlet into the
heat pump evaporator 3

is T„„Outlet temperature (of Ihc refrigerant exiting thc heat
pump evaporator 3)

AT„, Difli:rcncc ol Ihe inlet Icmperdturc of Ihc rcfrigcrmit
entering the heat pump evapomstor relative to the air
ambient temperature 'I'o,

do AT„„Difference of the outlet temperature of the refrigerant
relatm e to the environment

AT,„„, Diflbrmicc ol'he saturation tempcraturc of the rcfrig-
Crallt BSSOCttitCd v:Itll Illl: lCfrlgCrdllt dt tile OifilcI Of 111C

heal pump evaporator rclativc Io the mivtronmcnt
Vr Driving speed. vehicle speed
p Pressure, pressure signal
100 Heat pump (prior art)
110 Temperature sensor (in heat pump 100 according to the

poor arl)
c 120 Contml unit (in heal pump 100 accorduig Io thc prior

Bit )

130 Iixpansion valve (in heat pump 100 according to the
prior att)

140 Condenser (in heat punip 100 according to the prior art)
ss 145 Heating circuit (in heat pump 100 according to the prior

art)
150 Compressor (ui heat pump 100 uccording to the prior

art)
16U lian (in heat pump 100 according to the prior art)

it! 17U I ivaporator (in heat puntp 100 according to the prior art)
172 Side of the evaporator 170 (in heat pump 100 accordin

to the prior art)
174 Sslc ol'he evaporator 170 (in heat pump 100 accorduig

to the prior art)
ss 180 Ambient air

190 Refrigerant lines (in heat pump 100 according to the
prior att)
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480 Dirixuon of thc air flow (in heat pump 100 accordulg to
the prior art)

What is clauned is:
1. FX device in Bn air conditioning system for a vehicle for

regulation of a suriacc Icmpcralure lcvcl Bnd icing prcvml-
11011 ICguliuloll for B hi Bt piilllp CVdpoldlom colllpllSIII

the heat pump evaporator which functions during an air
conditioning system operation in an air conditioniag
systenl opemsting direction as an air conditioiung sys-
tem condenser„

an externally reguLstable expansion valve for opening and
closing,

a rcfrigcranl compressor,
refriaerant lines between the externally regulatable

expansion valve and the heat pmnp evapomstor and
bettveen the heat pump evaporator and the refrigerant
conlpressor,

a cooler fan attached to the heat pump evaporator which
draws ambient air upstream from mid tluough thc heat
pump evaporator al an adflismiblc flow spcixL dllil
thereby permits a flow of the ambient air over a heat
pump evaporator surface,

a tirst temperature sensor arranged at the inlet of the heat
pump evaporator, for detecting the refri erant tempem-
ture upstream from the heat pump evaporator v.ith
respect lo u heal pump opcralm dtrcxlton. mltl

a controller for storing a pressure drop characlerislic map,
die pressure drop characteristic inap correspoildiilg to a
pressure drop of the heat pump evaporator. the pressure
dmp determining the Tout of the heat puinp evaporator,
the controller bein directly connected to the externally
regulatable expansion valve. the controller being con-
nix lcd io the exicmally rcgulauiblc cxpmlsion valve via
sigruil lines, the controller beulg further coiulccted at
least to
the first temperature sensor,
additional sensors, measurement signal emitters or pro-

cessing units with calculated values for detectin the
ambient Bir tempemsture (Tu) and a vehicle speed
V:F).

thC Cool:I'ail. dial
die refrigemsnt conlpressor,

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

wherein the heat pump function is continuously inain-
iaincd at below O'. ambicni air temperature.

w hcrcin the controller is adapled to control lhe cxtemally
regulated cxpunsion valve such lhal Ihc ullcl lempera-
ture of the refngerant at an inlet of the heat pump
evaporator lies below the ambient air temperature beiag
below 0" Cd

whcrcin Ihc controller is adapted lo prompt Ihe cooler fan
at below O'. ambient air tcmpcraturc,

wherein the device is a subsection of a refrigerant circuit
operable both as a heat pump system and the air
conditioning system, the heat punlp system having a
heat pump opemting direction, the air conditioning,
SVstCI11 havlllg dlC till Ciilliiltlolllllg SysICI11 Opcldllllg
direction, Ihc heal pump operating direction bculg
opposing to the air conditionin system operatin

I it
direction.

2 Tile device according to claim 1. further comprising an
ambient moisture sensor for deternlining the ambient mois-
tUIC iilltbol II Idill SCIIStil WhiCh ilt:tCCIS rdlll Or allow fall.

3 Thc dcvicc accordulg io claim I, wherein a prcssure
sensor is provided in order to regulate an outlet temperature
(T„„) of the rcfngcrdni Ibom ihc heat pump evaporator. and
a second sensor coiulccicd lo Ihe conlrol and regulating urul
via the another signal line is provided in the refrigerant line
downstream from the outlet of the heat pump evapomstor on
the path to the refrigermlt compressor. with respect to the

" heat pump operating direction.
4 The device according to claim 1. wherein potential

prcssure drop s In Ihc rcfngersni linc placed bctw ccn lbc heal
pump evaporator outlm dnd a pressure sensor Ior rcgulalulg
the outlet lempcralurc (T„„,) of the rcfrigcranl from Ihe heal
piunp 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
rcfngcrdnt compressor, or a maxunum control current of dlc
ICgilhitlllg VBIVC When IISlllg lhC lllcChalllCBI ICillgCI'iilll
compressor being cslunalcd with dm aid of thc mnbicnl
temperature ('I'I,)

6 I'he device according to claim I, wherein the refriger-
ant compressor is an electrical or a mechanical compressor,'nd the si nal lines connect the control Bnd re ulation unit
to thc reihgerant compressor if the cleclnc rcfrigcrmll
compressor is used or lo a rcgulalulg vulva of thc mechanical
rclrlgCIdllt conlplcss01 lf 111C IUCChtilliCBI ICfllgCldlll Conl-
pressor is used.

7 1'he device according to claim 6, wherein the contml
and regulation lulit has teclmical progtranuuing measures for
regulation of a rotational speed of the electric refrigerant
coluprcssol 01 of dlc lt:gUhillllg valve of du: lllcchalllcdl
rcfngcrdnt compressor.

8 Thc device accorihng to claim I, wherein a valve
element of the externally regulatable expansion valve opens
or closes a flov, 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 thc cooler fan ad)usta a rotational spccd of Ihe
0001CI fall tii OIC VChiC)C iIUllllg heal piilllp OpCIBI1011.
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