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The invenuon relates io a heaung)cooling circuit for a motor
vehicle comprising an evaporator (14) for cooling air to be
fed mto an interior space, a heat exchanger (16) for heating
saicl air to bc fcd into the interior space, an cxtcrnal heat
cxchangcr (22) con)prising a compressor for transporting
coolant, a first expansion or an (28), allocated to thc evapo-
rator (14), a second expansion organ (30), allocated to the
external heat exchanger (22) aml coolant conduits (L, to
I, ), via which the aforementioned components are inter-
connected The compressor (24), the external heat exchanger
(22) and thc second expansion or an (30) constitute a

dc-icing circuit of thc inventive circuit.
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U,& 7,003 ,975 B2
1

HL'ATING/COOLING CIRCUIT IrOR AN
AIR-CONDITIONING SYSTEM OF A MOTOR

VFHICLF., AIR-CONDITIONING SYSTFM
AND A MFTHOD FOR CONTROI,I.INC THF.

SAME

BACKGROUND OF THE INVENTION

(I) I iled of the Invention
The invention relates tn a heatingcooting circuit tor a

motor vehicle according to the preamble nf claim I, an
air-conrlitioning system containing said heating/cooling cir-
cuit anti a method for controllin the air-conditioning sys-
tem.

(3) Descwpuon of Related Art
JP-A-4-378 I53 discloses a heating,'cooling circuit fnr an

air-conditioning system with a rleicing mode, deicing being
carried out hy increasing the degree nf opening of an
expansion valve and by rcrlucing thc quantity of air supplicrl
to an interior heat exchanger. In this case, since thc dc rcc zo

of opening oi the expansion valve is increased, both the
interior heat exchanger anti the exterior heat exchanger act
as condensers I'urthermore, since the quantity of air sup-
plied to the mterior heat exchanger is reduced, the radiated
heat quantity at the interior heat exchanger is reduced, and
conscqucntly thc rarliatcd heat at thc exterior heat cxchangcr
is increased correspondingly, with the result that thc icc is
melted, while the passenger compartment ts further heated
by the interior heat exchanger, albeit with a reduced maxi-
niilni po&ver io

JP-A-6-77636 discloses a heating'cooling circuit for an
air-conditioning system with an interior heat exchanger
which scrvcs as a condenser and with an cxtcrior heat
cxchangcr which serves as an evaporator in a heating mode,
in order to heat the passenger compartment. In a deiroshng &5

mode for the extenor heat exchanger, part oi the rein erant
is transferred directly from a compressor to the extenor heat
exchanger as a result of the opening of a 1&ypass, in order
thereby to bypass the interior heat exchanger and an expan-
sion valve. In this way, thc cxtcrior heat cxchangcr acts as &o

a condenser and thc ice is mcltcd by thc condensation heat
in the exterior heat exchanger. The heat capacity of the
interior heat exchanger is thereby reduced.

In both of the Japanese publicauons mentioneil above, the
heat capacity of the interior heat exchanger is reduced, even
though a reduction in the temperature in the passenger
interior is minimized In thc case of a continuous operation
of the air-conditioning system, the dcfrosting mode has only
a sight inliuence, but, in an air-i:onduionmg system oi a
motor vehicle which is operateri, for example, for only one o

hour, a defrosung mode oi, for example, 30 mmutes has
some effect, so that there is a certain reduction in tempera-
ture in the passenger compartment

Accorrling to a heating/cooling circuit, disclosed in EP 0
788 910 A&, for an air-conditioning system in a motor s
vehicle, a delay mode is descnbed, in which the ileposition
of ice on the extenor heat exchanger ts delayeil, with the
result that the heaung duration can be prolon ed and a

defrosting mode postponed
Air-conditioning systems of this type still do not satisfy ro

some rcquircmcnts, particularly with rcgarrl to thc duration
of thc rlcfrosting mode.

SUMMARY OF THE INVENTION
&5

The object of the invention is to avoid nr at least reduce
the abovementioned rlisadvantages and to provide an

improveri heating/coolin ~ circuit for an air-conditioning
system of a motor vehicle and also a method for controlling
the air-conditioning system.

'I'his object is achieved by means of a subject having the
fi:aturcs of claim I, an air-conrlitiomng system having thc
fi:aturcs of claini 16 and a method as claimed in claim 17.

According to ihe invennon, there is a heating/cooling
circuit for a motor vehicle, with an evaporator for the
cooing of air to he supplied to an interior, with a heating
heat exchanger for heating the air to he supplierl to the
interinr, with an exterior heat exchanger, with a compressor
for thc convcyancc of rcfri crant, with a first expansion
mcmbcr which is assigned to thc evaporator, with a second
expansion member which is assigned to the exterior heat
exchanger, anti v:ith refngerant lines, via which the above-
mentioned components are connected to one another, a
defrosting connection of the circuit comprising the com-
pressor, the exterior heat exchanger and the second expan-
sion member. By means of a rlcfrostin connection of this
type, thc refrigerant expericnccs tirst a prcssure increase in
the compressor anti subsequently, if appropnate even beiore
expansion, a discharge of. heat in the iced-up exterior heat
exchanger In this case, the exterior heat exchanger is heaterl
by the circulating refrigerant in the defrosting mode carried
out hy means of the defrostin connection In this way, the
iced-up cxtcrior heat cxchangcr can be dcfrostcd quickly,
particularly when thc cnginc cooling rcquircmcnts cannot bc
sat&&lied by means of an air quannty which is reduced on
account oi icing-up.

Preferably, the second expansion member follnws the
compressor In this case, preferably, the seconrl expansion
member precedes the exterior heat exchanger Since the
suction pressure is determined csscntially by thc coldest
point in thc dcfrosting circuit, in this case said suction
pressure is determined by the iced-up extenor heat
exchanger, so that it is possible to have a higher defrosting
capacity than ii the exterior heat exchanger were arranged
upstream of the expansion member I or this purpose, in the
defrosting mnde, the refrigerant is compressed m the com-
pressor, conducted to thc expansion mcmbcr, cxpanrls thcrc
and discharges its heat in thc cxtcrior heat cxchangcr, thc
heat melung ice which is locaterl in the exterior heat
exchanger.

Preierably, the second expansion member is controllable,
in particular continuously, and can he activated electrically

Sn that the capacities of the heat exchangers can be
matched cvcn morc cffectivcly to thc demand, preferably thc
compressor power, too, can bc controllcrl by thc adjustmcnt
of the strol e volume or of. the compressor rotational speeii.

Preferably, a sensor is provirled in the air upstream of the
exterior heat exchanger, this sensor preferably determining
the exterior temperature of the air This may preferably he
cerned out directly upstream of the exterior heat exchanger,
but also at any other points at which an exterior tempcraturc
changed substantially by infiucnces cannot bc measured,
such as, for example, on the intake tract oi the air-condi-
tioning system. The sensor is preferably a temperature
sensor.

Preferably, a sensor is provided in the refrigerant dnwn-
stream of the exterior heat exchanger, in particular in the
rc ion located on thc low-prcssure sirlc, that is to say
anywhcrc between the outlet of the cxtcrior heat cxchan cr,
the outlet of the evaporator anil the &nlet into the compressor.
This sensor may determine, for example, the temperature oi
the refrigerant. Accordmg to an ahernauve, the sensor may
determine the pressure which is closely related to the
temperature



US 7,003,975 B2

BRIEF DESCRIPTION OF THE DRAWINGS

I'IG I shows a heating/cooling circuit according tn the
invention in the coolin operating mode;

FIG. 2 shows the hcatingicooling circuit accorrling to thc
invention in the heating operating modh;

I'IG 3 shows the heating/cooling circuit according to the
invention in the reheat operating mode; 5

FIG. 4 shows lhe heanngicooling circuit accortlm ~ to the
invennon in the defrosnng operanng mode.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS ao

A hcatingicoo ling circuit 10 according to the invention for
an air-conthnoning system for a motor vehicle has an
evaporator 14 arranged in an air-conditioning unit 12,
which, as a rule, is arranged in an instrument panel of the es
motor vehicle, and a heating heat exchanger 16 follnwing
the evaporatnr 14 on the air side Via a blower (not illus-

The heanng/cooling circuit preferably compnses a control
device tvhich controls the heating/cooling circuit as a func-
tion of the temperatures determined by means of the tem-
perature sensors, that is to say switches to the defrosting
motlc andior back again to thc normal morlc, as rcquircd.

Prcfcrably, COz is used as refrigerant for the heating or
cooling circuit accortiing to the invenuon, since CO is
opnmally suitable lor a heat-pump mode, such as can be
carried out by means of the circuit according to the inven-
tion When COa is used as refrigerant, preferably an internal io

heat exchanger is provided for the exchange of heat between
a high-prcssure-side and a low-prcssure-sirlc section of the
hcatin icooling circuit. Thc result of usin CO as rcfriger-
ani is thai some of the operating poinls lie in supercnlical
states, so that lhe discharge of heat often tal es place without
condensation.

Preferably, a heating bypass line capable of heing shut off
is provided in the heating/cnnling circuit for the refrigerant-
side bypass of thc heating heat exchanger. This line is
opened by means of a valve which is open solely in thc zo

defrosling mode. The hne supplies the expansion member
with Ihe refrigerant coming from lhe compressor.

In order to keep the refrigerant pressure losses between
the lines and heat exchangers as low as possible and so that
the optimal operating point according tn the conditions can
bc set in the cooling or heating modh, a heating bypass line
capable of being shut ofl's provided, for the rcfrigcrant-side
bypass of the heaung heat exchanger and of the expansion
member assigned lo the exlenor heat exchanger, and a

cooling bypass line capable of being shut off is provided, for to

fiypassing the evaporator and the assnciated expansion
member I urthermore, the evaporator nr heating heat
cxchangcr, as components, can thus bc disconnected com-
pletely if their functiomng is not required or would cvcn bc
disadvantageous. 35

So thai in the cooling mode, when only the evaporator is
operatmg anil cools the air to be supphed to the vehicle
interior, no refrigerant accumulates in the heating heat
exchanger, which is also necessarily confed liy the air cooled
by thc evaporator, since thc air flows through said heating Io

heat cxchangcr, a throttlablc linc is provided between a line
connected lo the heanng heat exchanger and a line at the low
prt:saute lt:vel oi. Ihe evaporator.

The invention is explained in detail below by means of an
exemplary emt»odiment, with reference tn the drawing in
which

trated), circulaung air or fresh air can be conveyed through
the air-cnnditioning unit 12, as is illustrated by an arrow, in
which case the air can be cooled in the evaporatnr 14 and
heated in the heating heat exchanger 16

Optionally, a further heating heat cxchan cr 20 is
arran cd upstream or downstream of the heating hest
exchanger 16 on ihe air side and is connected via ref ngerant
lines K lo an engine., nol illustrated, of the motor vehicle, so
that hot coolant can tlow through the heating heat exchanger
The functioning of this heatin heat exchanger 16 can be
controlled, as required, for example, by means of a heating
rc ulatin valve 40 or cise with the aid of flaps (nol
illustrated), by means of which thc air is lctl in thc dcsircd
rano lo the heating heal exchanger 16 or led past ihe laner.
The air thermally controlled in the air-t:ondinoning unit 12
can be supplied to the vehicle mterior via suitable outfiotv
devices.

In additinn tn the evaporator 14 and the heating heat
cxchan cr 16, the hcatin icooling circuit 10 has an cxtcrior
heat exchanger 22 and a compressor 24. Thcsc components
of Ihe heating/coohn ~ circuit are connected to one another
via relngeranl lines L„ lo L,a in Ihe way descnbed below. A
refrigerant collector 26 is provided in the line I.» on the inlet
side nf the compressor 24.

I'he evaporatnr 14 is assigned on the inlet side a first
expansion member 28 and the exterior heat cxchan cr 22 is
assigned on thc inlet side a further expansion mcmbcr 30.
The Iwo expantnon members 28 aml 30 can be activated
preferably electncally and can be controlled conunuously.
I'urthermore, valves 32, 34, 36, 38, 40 and 44 are providerl,
the functions of which are descrilied further below 'I'he

valves 32, 34, 36, 44 are switchin valves which can be
activated preferably electrically. Thc valve 3& is preferably
a throttle. Thc valves 32, 34, 44 may also form a structural
umt (what is known as a 4/3-way valve), in which case
construction space and coal benefits may arise.

In Ihe cooling mode (FIG. 1), that is to say when the mr
to be supplied to the vehicle interior is solely to be cnnled,
the heating/cooling circuit 10 is connected up as follows:

Starting front the conipressor 24, the refrigerant is sup-
plied to the exterior heat cxchan cr 22 by the lines L„L
anti La For this purpose, lhe valve 32 is opened anti the
valves 34 anti 44 are closed. In the exlenor heat exchanger
22, Ihe refrigerant, lakin ~ lhe form of hol gas, is cooled. The
refrigerant flows from the exterior heat exchanger 22 to the
first expansion member 28 via the lines Iw and I.s. When it
flows through thc expansion member 28, thc refrigerant
expands and is supplietl via thc linc L, to thc evaporator 14
in which Ihe refngeranl evaporates and heat is thus extracted
from the air Io be cooled. Vta a hne L», the refngerant is led
bacl to the compressor 24 via Ihe ref ngerant collector 26. In
order tn increase capacity, heat exchange between a high-
pressure-side section (line I.s) and a loiv-pressure-side sec-
tion (linc L,) takes place in an internal heat cxchangcr 42,
in thc present instance heat lacing transft:rrcrl from thc
high-pressure-side secnon lo the low-pressure-side section.

In the cooling mode, Ihe healing heat exchanger 16 is
inoperative, and lhe refngeranl is led via the line L, io the
latter and is let past the second expansion member 30, so that
the line I.a is used as a heatin bypass line

In thc hcatin mode (FIG. 2) whcrc thc air to be supplied
to thc vchicic interior is solely to be heated, thc evaporator
14 is inoperative and the healin ~ heat exchanger 16 is
operative. The heating cooling circuit 10 then operates as a

heat pump. The refrigerant is supphed as hot gas from the
compressor 24 via the lines l., and I.„ to the heating heat
exchanger 16, in tvhich the refri erant discharges heat and at
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lhe same ume heats the supply air. The refrigerant is
supplied via a line I.v to the seconcl expansion member 30
and is expanded there 'I'he refrigerant is supplied via a line
I.a to the exterior heat exchanger 22 which can then lie
operated as an evaporator in which thc refrigcram cvapo-
ratcs and extracts heat from thc cxtcrior air. Thc refrigerant
is supphed to lhe compressor 24 a ain via lines L u Lia (anti,
if appropnale, to a small extent Lr). The line L,„, which can
be shut otf via a valve 36, serves, in the heating mode, as a

cooling bypass line for the refrigerant-side bypass of the ic
evaporator 14. The internal heat exchanger 42 does not
function in thc heating mode.

In adclition, in thc heating mode, thc further heating heat
exchanger ZU can be operated by a healing regulating valve
40 being opened correspondingly, so that hot coolant can
floiv from the engine to the heating heat exchanger 20.

In the reheat mode (I'Ill 3), which serves for dehumidi-
fying and heating the air to be supplieci to the vehicle
interior, both thc evaporator 14 and the heatin heat
cxchangcr 16 arc opcrativc, so that thc air can first cool in zo

the evaporator 14 and the moisture contamecl in lhe air can
comlense out. Before the air is supplied to the vehicle
interior, it can lie heated again m the heating heat exchanger
16 and optionally also in the further heating heat exchanger
20

In thc reheat mode, thc rcfrigcrant is suppliecl from the
conipressor 24 to thc heating hest exchanger 16 via thc lines
Li anil Ls, so that, in lhe heating heat exchanger 16, the
relngeranl can discharge heat into the air. The refrigerant is
led to the expansion member 30 via the line Iv Depending io

on the setting of the expansion member 30, said refrigerant
can pass without any appreciable pressure loss or else lie
throttlecl to an advantageous prcssure. Thc refrigerant is lccl
to the cxtenor heat cxchangcr 22 via lhc linc La. Dcpcncling
on Ihe selung of the intermediate pressure, in the extenor ZS

heal exchanger 22 the refngerant extracts heat from the
extenor air or discharges heal into the exterior air. From the
exterior heat exchanger 22, the refrigerant is supplied to the
expansion member 28 via the lines I.n I.s and to the
evaporator 14 via the linc L,. Thc refrigerant is rcturncd to Io

the conipressor 24 again from the evaporator 14 via thc lines
L,.

Depemhng on the moisture content anci temperature of the
air, a specilic cooling capacity al lhe evaporator 14 is
required for the desirecl clehumidilication I'urthermore,
depending on whether the interior of a vehicle is still cold at
thc start of a trip or has already hcatcd up during thc trip, a
widely cliffcring hcatin capacity is requirccl for the subse-
quent healing of the air to a comiortable leveL By the
varuiuon of the expansion members 28, 30, the pressure in o

the exterior heat exchanger 22 can be sel icieally between the
pressure at the evaporator 14 and the high pressure at the
heating heat exchanger 16, in which case it must be remem-
bered that the high prcssure of thc hcatin heal exchanger 16
is clcpcndcnt not only on thc conveying volume of the s
compresvoir 24, bul, in particular, on the position of the
expansion members 28 and 3U anci must be set to a value
advantageous for the corresponciing boundary conditions.
'I'he expansion members 28 and 30 therefore cannot lie set
independently of one another. If the pressure in the extenor co

heat cxchangcr is high, that is lo say, the expansion mcmbcr
30 is opened wide and thc expansion member 28 is Lar cly
closed, lhe extenor heal exchanger discharges heat and the
ratio between the heating capac«y of lhe heat exchanger 16
and Ihe cooling capacity of the evaporator 14 is low. Such as
a setting is therefore advantageous in the case of a low
heating requirement

Il; by contrast, the expansion member 30 is increasingly
closed and the expansion member 28 increasingly openecl,
the pressure in the exterior heat exchanger 22 becomes
increasingly Ioiver and the discharged heat capacity of the
cxtcrior heat exchanger 22 falls. This results in a falling
spccific refrigerating capacity in thc evaporator 14 The ratio
of Ihe heating capacity in the heating heat exchanger 16 and
refrigerating capacity in Ihe evaporator 14 consequenlly
rises.

When the pressure in the exterior heat exchanger 22
becomes so loiv that the boiling temperature of the refrig-
erant assi ncd to it undcrshoots thc tcmpcraturc of lhc
cxtcrior air, the exterior heat cxchangcr then acts as an
evaporator and absorbs heal from lhe surroundings. This
leads to a further reduction in lhe specilic refngerating
capacity in the evaporator 14. 'I'he ratio of the heating
capacity in the heating heat exchanger 16 and the refriger-
ating capacity in the evaporator 14 thus rises with the falling
prcssure in thr exterior heat exchanger 22.

In order to match the availaiile cooling ancl hcstin
capacity to the current requiremencs, the expansion members
28 anti 3U must be, sel in such a way that, on the one hanci,
a high pressure advantageous for the overall capacity is
established at the heating heat exchanger 16 and, at the same
time, a pressure level suitable for the ratio of the cooling
capacity and thc heating capacity prevails in thc cxtcrior
heat cxchan er 22. Thc overall capacity can bc set via lhc
conveying volume of. the compressor 24 or else, within
certain limits, vui Ihe selection of the pressure level in the
heating heat exchanger 16

Preferably, the second expansion member 30 can be shut
off, so that, in the cooling mode, no refrigerant can pass from
thc linc L, into thc linc L, and consequently into the hcstin
heat cxchangcr 16. Aitemaflvciy, this shut-off may take
place by means of a nonreturn valve or nonreturn flap
arranged upstream or downstream of the expansion member
30.

Preferaliiy, the first expansion member 28, too, can be
shut ofl; so that, in the heating mode, no refrigerant can pass
under high pressure front the linc Ls into thc linc L, and
conscqucntly into the evaporator 14.

When, in the cooling mode, only the evaporator 14 is
operative, Ihe air cooled m Ihe evaporator 14 will cool the
heating heal exchanger 16 which Iollows on the air side,
with the result that it may happen that, in the course of time,
refrigerant accumulates in the heating heat exchanger 16 and
thc rcfrigcrant lines L„and L, and is then lacking in thc
remaining circuit. Moreover, thc system being at a standstill,
inadmisiubly high pressures could occur in the heaun ~ heat
exchanger 16 al high temperatures as a result of enclosed
refrigerant. In order lo avoicl this accumulauon, a line Ln
throttlable via a throttle 38 is provided, which makes a
connection betiveen a line, preferably the inflow line Iso
conncctcd to thc hcatin heat cxchangcr 16 and a line or
component which is at a low system pressure, that is to say
is locateci between the expansion member 28 and the inlet of
the compressor 24. In Ihe exemplary embodiment illustrated,
this is a return line La of lhe evaporator 14. This throttle 38
may be fomied by a valve, as in the exemplary embodiment,
a contraction in the line I.ii oi'capillary, a porous bocly or the
like In order to avoid an accumulation of refrigerant, thc
throttle 38 may have very small climcnsionin, so that there
is nol appreciable influence on the Iurlher Iuncnomng of the
circuit IU.

In a mode in which the ambient air serves as a heal source,
that is to say ivhen heat is absorbed from the ambient air in
the exterior heat exchanger 22 (heating mode, partially afso
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Lhe reheat mode), there is the nsk of icing-up of the extewor
heat exchanger 22, since, due to the extraction of heat,
atmospheric moisture, that is to say water, is precipitated on
the exterior heat exchanger 22, said water freezing at tem-
pcraturcs bcloiv O'. anil icing up thc exterior heat
cxchangcr 22. Thc airstream, indicated by an arrow in FIGS.
1 to 4, is thereby impeded when u ilows through. Since this
airstream aLwi llows via the coolant cooler (not illustrated),
which discharges the engine heat, a lack of action of air upon
the coolant cooler, along with an unfavorable driving state io

(high load), may put the engine at risk clue to overheating,
and it is thcrcforc ncccssary Lo monitor thc state of the
exterior heat cxchangcr 22. For this purpose, thc tcmpcrature
dilference between the temperature T, of the air at the inlet
and Lhe temperature Ta of the reingerant at the outlet of the
exterior heat exchanger 22 is determined Icing-up occurs,
that is to say a defrosting of the exterior heat exchanger 22
is necessary, when the temperature difference becomes too
rest. Conventional rcfcrencc values for thc tcmpcraturc

diifcrcncc T,-Te arc 3 to 10 K for an icc-frcc exterior heat zo

exchanger Z2 anil 10 to 20 K for an iced-up extenor heat
exchanger Z2, although there is dependence on the extewor
temperature

I'or the defrnsting morle (I'IG 4), the heating/cooling
circuit 10 can lie operated in such a way that a discharge of'eattakes place in thc cxtcrior heat exchanger 22, so that the
icc which has formed is rcmovcrl again.

In the ilefrosun ~ mode, Lhe refrigerant is led from the
compreswir 24 via the lines Lr anti L„ to the expansion
member 30 ivhere it is expanderl tn a low pressure. Subse- io

quently, it is supplied via the line I.a to the exterior heat
exchanger 22, in which it can discharge its heat, by means
of which thc ice can bc mcltcd and thcrcforc removed. Via
thc linis L, and Lac, thc rcfrigcrant is led via the refrigerant
collector Z6 to the internal heat exchan er 42, moperative in ss
this operaung mode, and the compressor 24.

In the defrosung mode, Lhe valves 36 and 42 are open,
while the valves 32 anil 34 are closed I'nrthennore, the brat
expansion member 28 is preferably cinsect and the second
expansion member 30 is controlled. LO

Thc encl of thc rlcfrosting operation can bc dctcrmined as
follows: the temperature T. of Lhe relngerant at Lhe outlet oi.

Lhe extenor heat exchanger 22 w determined aml is com-
pareil with a hmit value. The limit value is convenuonally
around S to IO' If the limit value is overshot, the
defrosting operation is concluded and the defrosting mode is
tcrminatcd, so that there can bc a changcovcr again to thc
heating mode or rchcat morlc

Accordmg to the exemplary embodiment, the defroshng
behavior is assisted in that, during the defrosnng mode, the o

airstream llowing through Lhe exterior heat exchanger ZZ is
minimized or completely preventerl In order to free the
exterior heat exchanger of the melterl ice, that is to say of the
melt ivater, as quickly as possible, a large to prcfcrably the
maximum airstream is bitcI)y conducted via thc cxtcrior heat s
exchanger Z2 at the end of the defrosim ~ mode, so that the
melt water is blown out of the extenor heat exchanger 22
and premature renewed icing-up can be preventeil.

Preferably, ('0 is used as refrigerant, since (IOa has good
thermodynamic properties which make it suitable for a ro
heat-pump mode When CO is used, for incrcasc in capacity
an internal heat cxchangcr 42 is provided, which bwngs
about a heat exchange between a high-pressure-side section
(line Ls) and a low-pressure-side section (lme Lz).

The invention claimeil is: es
I A heatingicooling circuit for a motor vehicle, compris-

ing:

(a) an evaporator for the cooling of air to be supplied to
an interinr of the motor vehicle,

(b) a heating heat exchanger for heating the air tn be
supplied to the interior of the motor vehicle,

(c) an exterior heat cxchan cr, with a compressor for
conveyance of rcfri erant,

(rl) a Iirst expansion member which is assigned to the
evaporatiir,

(e) a second expansion member which is assignerl to the
exterior heat exchanger, and

(f) refrigerant lines, via which the abovementioned com-
ponents arc conncctcd to onc another,

wherein a ilefrosnng connection of the circuit comprises the
compressor, a single operable heat exchanger and the secnnrl
expansion member, and
whcrmn the sin lc operable heat cxchangcr is the cxtcrior
heat exchanger.

2 The heating cooling circuit as claimed in claim I,
whcrmn the second expansion member follows Lhc com-
pfcssol;

3 The heating'exutltng circuit as claimed in claim 1,
wherem the second expansion member precedes the exterior
heat exchanger.

4 The heating'exutltng circuit as claimed in claim 1,
wherein the second expansion member is controllable.

5 The heating/coolin circuit as claimed in claim I,
whcrcin thc power of the compressor is controllable.

6 The heating/coolin ~ circuit as claimed in claim 1,
wherein a sensor is provided in the air upstream of the
exterinr heat exchanger.

7 Thc hcatingrcooling circuit as claimcrl in claim 1,
wherein a sensor is provided in the refngerant downstream
of the exterior heat exchanger.

8 Thc hcatingrcooling circuit as claimcrl in claim 1,
whcrmn a sensor is provided in thc air upstream of thc
cxtcrior heat exchanger or in thc refrigerant downstream of
the exterior heat exchanger anil wherein the sensor is a
temperature sensor.

9 Thc hcatingrcooling circuit as claimcrl in claim 7,
whcrmn thc sensor is a pressure sensor which is arranged on
thc low-prcssure sirlc downstream of thc exterior heat
exchanger.

10 I'he heating. cooling circuit as claimed in claim I,
further comprising sensors and a control dcvicc, which
controls thc heating/cooling circuit as a function of thc data
dctcrmined by means of thc sensors.

11. The heating/cooling circuit as claimed in claim I,
further cnmprising CG refrigerant

12. The heating'cooing circuit as claimed in claim 1,
further comprising a cooling bypass hne, capable of being
shut oil; ior the refrigerant-side bypass of the evaporator anti
of the first expansion member.

13. An air-conditionin system of a motor vchiclc com-
posing a heanng/cooling circuiL as claimed in clmm l.

14. A method fnr controlling an air-conditioning system
having a heating cooling circuit comprising a defrosting
connection according to claim 1, the method comprising, in
a dcfrosting mode;

heating the exterior heat exchanger with the circulating
refrigerant;

compressin thc rcfrigcrant in thc compressor;
conducting the refrigerant to the expansion member;
cxpandin thc rcfrigcrant at thc expansion member; and
dtscharging its heat in the extewor heat exchanger, the

heat melting ice which is located on and/or in the
exterior heat exchanger.
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15. The method as claimed in claim 14, further compris-
ing determinin a temperature difference ('I',—T,) between a
temperature (T,) of the air and a temperature (Ta) of the
refrigerant at the outlet of the exterior heat exchanger is
rlctcrmincrl anil comparing thc tempcraturc ditfercncc
(T,-Ta) ivith a threshold value for the tcmpcraturc diflcr-
ence.

lb. The method as claimed in claim 15, further compris-
ing switching the air-conditioning system to the defrosting
mode if the threshold value for the temperature ditference ic

(Ti —Ta) is overshot
17. Thc method as claimed in claim 14, further compris-

in determining, dunng thc defrosting mode, a tcmpcrature
(Ta) of the refrigerant at the outlet of the extewor heat
exchanger and comparing the temperature (Ta) with a

threshold value for the temperature ('I;) of the refrigerant at
the outlet of the exterior heat exchanger, and terminating the
defrosting mode, when the threshold value is overshot.

18. Thc mcthorl as claimcrl in claim 14, further compris-
in, durin thc rlcfrosting mode, conducting no or only zo

mimmal air via the extenor heat exchanger.
19. The method as claimed in claim 14, further compris-

ing, during or after the termination of the defrosting mode,
conducting a large to maximum airstream via the heat
exchanger

20. Thc heating cooling circuit as claimed in claim 1,
whcrcin the defrosting connection further comprises a
relngerant bypass line which bypasses a further heat
exchanger thereby rendenng the further heat exchanger
liioperable io

21. A motor vehicle composing an air-conrlitioning sys-
tem according to claim 13.

22. A beating,'cooling circuit for a motor vehicle, com-
prising;

(a) an evaporator for the cooling of mr to be supplied to zs
an interior of the motor vehicle,

(b) a heating heat exchanger for heating the air to be
supplied to the interior of the motor vehicle,

(c) an exterior heat exchanger, with a compressor for
convcyancc of rcfrigcrant, an

(d) a first expansion mcmbcr which is assigned to the
evaptll'ator,

(e) a secoiul expansion member which is assigned to the
exterior heat exchanger, and

(f) refrigerant lines, via which the abovementioned com-
ponents are connected to one another,

wherein a rlc frosting connection of the circuit comprises thc
compressor, thc cxtcrior heat exchanger and thc scconrl
expansion member, and

wherein the healing/cooling circuit further composes a

heating bypass line, capable of heing shut ofl', for the
refrigerant-side bypass of the heatmg heat exchanger

23 A heating/cooling circuit for a motor vehicle, com-
posing.

(a) an evaporator for thc cooling of air to bc supplied to
an interior of the motor vehicle,

(b) a heating heat exchanger for heating thc air to bc
supplied to the mtenor of the motor vehicle,

(c) an exterior heat exchanger, with a compressor for
conveyance of.refngerant,

(d) a tirst expansion member ivhich is assigned to the
evapnrator,

(e) a second expansion member which is assignerl to the
exterior heat cxchan cr, and

(f) refrigerant lines, via which thc abovcmcntiontxl com-
ponents arc conncctcd to onc another,

wherein a defrosnng connecuon of the circuit comprises the
compressor, the exterior heat exchanger and the seconii
expansion member, and
wherem the heating,'cooling circuit further comprises a

heating bypass line, capable of heing shut ofl', for the
refrigerant-side bypass of the heating heat exchanger and of
thc second expansion mcniber.

24. A hcatinpgcooiin circuit for a motor vchiclc, com-
posing.

(a) an evaporator for the coohng of air to be supplied to
an intenor of the motor vehicle,

(b) a heating heat exchanger for heaung the air to be
supplied to the interior of the motor vehicle,

(c) an exterior heat exchanger, with a compressor for
cnnveyance of refrigerant,

(d) a tirst expansion member ivhich is assigned to the
evaporator,

(c) a second expansion mcmlicr ivhich is assigned to thc
exterior heat exchanger, anil

(f) refrigerant lines, via which the abovementioned com-
ponents are connected to one another,

wherein a defrosting connection of the circuit comprises the
compressor, thc exterior heat cxchan cr anil thc second
expansion member, and

wherein the heatingcooling circuit further composes a

throttlable line between a connectin line to the heating heat
exchanger and a line or component at a low system pressure

r r s


