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METHOD AND DEVICE FOR HEATING AND
COOLING A COMPARTMENT OF A MOTOR

VEHICLE

This application is a divisional of application Ser. No
09/278,000, flled Mar 29, 19r/rh noiv U S. Pat No Ci,276,
153.

This application claims the priority of German patent
application No 198 13 673.0, filed Mar. 27, 1998, the
disclosure of which is expressly incorporated by reference.
herein

BACKGROUND ANO SUMMARY

Ol'HL'NVLiNTION

The present mvention relates to a particular Inethod arid a
particular device for heating and cooling a compartment

Lip 0 424 474 Bl describes a method and a device for
operating a transcritical vapor compression circuit. A
compressor, a radiator, an expansion unit, and an evaporator
are connected in series with one another by lines carrying
coolant, and form an integral circuit for the coolant. In Ibis
circuit, the pressure on the high-pressure side is abnve the
critical pressure of the cnolant

Ilowever, the method knnwn from this publication has the "s
disadvantage that thc cooling power is controlled by chang-'ngthc specific enthalpy of the coolant by varying thc
prcssure and/or thc tcmpcrature. Eflicient power regulation
with a supercntical process pressure is not feasible with Ihe
melhorl anil Ihe device descnbed in EP 0 424 474 BI, since

I)
environmental intluences, such as outside temperature,
humidity, solar radiation and so on, severely interfere ivith
thc control of thc coolin power by diflcrenccs in cnthalpy
of diflcrcnt dcgrces in thc evaporator. A considerable regu-
lation cxpcnsc is required for regulating power in this way.

DE 44 32 272 C2 describes a method for operatin ~ a
cold-generating system for air-conditioning vehicles. The.

cold-generating system comprises, as circuit components, a
compressor, a heat exchanger, an expaiisinn unit, and aii
evaporator, vvhich are cnnnected in series and form an
integral closed circuit for the coolant. To produce cooling
power, thc circuit is opcratcd on thc high-prcssure side at a
supercnlical pressure anil, simultaneously, on ihe low-
pressure side al a subcritical procesinng pressure. Heat
energy is supplied to Ihe coolant on Ihe high-pressure side.
'I'he mass tlow of the coolant in the circuit is varied by
regulating the throughput of the coolant in the cnmpressor

The disadvantage of this method is that the cnmpartment
of a vchiclc can bc air-conditioned only under certain
conditions since thc compartment air flow supplied to the
compartment can essennally only have energy wilhdrav:n
from il. Only cooling of. Ihe compartment is posinble with
this cold-generating system

Hence, one object of Ihe present invention is to expand a
coolant circuit that essentially operates lranscnucally i or air
conditioning vehicles in such a fashion that the heating
power transferred to the compartment air is prnvided
cihcicntly, comfortably, and at a certain temperature level.
Additionally, it is an object of the invention to provide a
modern vehicle concept for air conditionin an interior of a sti
motor vehicle which provides required cooling or heaung
power nearlv independently of. the operating slate of. Ihe.

internal combustion engine and of influences in the envi-
ronment such as the outside temperature, humidity, sniar
rarhation, ctc 65

This obiect is achieved according to the invention, during
a cnoling operation, liy conducting a medium in the circuit

through a compressor, an ambient heat exchanger, a throule
device, aml an inlenor heat exchanger, which are connected
in series and form an integral closcrl circuit. A supcrcritical
pressure is produced on a high-prcssure sirlc of thc circuit
and, at the same time, a suhcritical pressure is produced on
the low-pressure side of the circuit. On the loiv-pressure side
of the circuit, heaL is supplied to Ihe medium in the circuu
through the interior heal exchanger. The mass flow of the
medium in the circuit is varicrl liy regulating thc throughput
of thc medium in thc circuit in the compressor

Dunn ~ a healing operauon, Ihe medium in the circuit is
conilucted sequentiafly through the compressor, the intenor
heat exchanger, the throttle device, the ambient heat
exchanger, and ior an exhaust heat exchanger Consequently,
the high-prcssure sirlc of thc circuit rluring the cooling
operation bccomcs the low-prcssure side anil the low-
pressure side of Ihe circuit during the cooling operauon
becomes the hi h-pressure side. The medium in the circuit
is guided in the inlenor heat exchanger at a supercntmal
pressure, and heat from the medium in the circuit is trans-
ferred to the compartment air being supplied to the com-
partment. The mass flow of the mcrlium in thc circuit is
rc ulated by regulating the throughput of the medium in thc
circuit in the compressor. Additionally, Ihe pressure in Ihe
intenor heat exchanger is regulated Io a value below an
admissible pressure.

A particuhir device according to the invenuon operates
such that, dunng the heatmg operauon, the compressor, the
interior heat exchanger, the throttle device, the ambient heat
exchanger, and the exhaust heat exchanger are connected in
series and a medium in the circuit can be expanrled m the
throttle dcvicc to a tcmperaturc below an intake tcmperaturc
of thc medium in the circuit in the compressor. Thc merhum
can be exposed Io ambient air m the ambient heat exchanger,
heated in the exhaust heat exchanger by exhaust from Ihe
engine, and compressed in the compressor Dunng the
cooling operation, the compressor, the ambient heat
exchanger, the throttle device, and the interior heat
cxchan er arc arrangerl in series, and the mcrlium in thc
circuit may bc exposed to anibicnt air in thc ambient heat
exchanger and expamled in the throttle device to a Iempera-
lure below a compartment air temperature. The compart-
ment air can he exposed to the medium in the circuit in the
interior heat exchanger

9/tth the method according lo the invention, Ihe mass tlow
of medium in the circuit is varied as required in an advan-
tageous fashion as a function of the required heating power
and the quantity of heat supplied from the environment
and or thc exhaust heat from the cnginc. As a result, air
conditioning permanently installed according to thc prior art
for coolmg can be used in a simple fashion for heating the
mtenor of the motor vehicle.

It is also advanta eous that only that compressor povvr
Ihat is absohilely necessary for comfortable heating is drawn
and Ihe temperature of a medium in the circuit is maintained
in the interior heat exchanger at a temperature level such that
a suitable temperature of the compartment air is ensured for
safe operation of the niotor vehicle in traflic

In an advantageous fashion, ivhen the device accordin to
the invention is used for heating a compartment of a motor
vehicle, the medium in thc circuit is successively cxpandcd
in thc throttle dcvicc to a subcritical process prcssure, hcatcd
in the ambient heat exchanger anil/or the exhaust heaL
exchanger, compressed in Ihe compressor to a supercnucal
process pressure, anil cooled in the interior heat exchanger
with cold compartment air, so that the compartment can be
heated with the heated compartment air.
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Another advantage of operating Ihe circuit umler subc&nli-
cal process conditinns is that no phase change of a circu-
lating medium takes place in the interinr heat exchanger
Instead, the circulating medium is permanently conducted in
thc subcmtical range through thc interior heat exchanger and,
therefore, a much higher quantity of heat can l&e transfcrrcd
from the circulating medium lo the compartment air Amuch
higher elhciency is achieved in the circulating process than
in conventinnal circulating processes that operate in the
subcritical range. 1(i

By regulating or controlling the throughput of thc com-
pressor in combination with Ihe heal uptal e by the ambient
heal exchanger, il is possible to react flexibly anti rapidly io
desired temperature changes in the compartment air in Ihe
compartment or to compensate flexibly and rapidly for
influences such as intense solar radiation

It is cspccially advantageous in a suprrcritical process that
a much higher quantity of heat can be transferred from Ihe
circulating me(hum lo the compartment air supplied to Ihe
compartment with known heat evchangers, since the circu- o

lating medium is cnnducted at a much higher temperature
through the interior heat exchanger I'his ensures that com-
ponents already present and known from the prior art can be
uscrl without any design changes.

as
The arrangemenl of the components accorriing to Ihe

invention makes possible a thermndynamic circulating pro-
cess in vvhich the heating power can be prnvided to a
sutf&ctcnt dcgrcc in a simple manner under nearly all oper-
ating states of thc internal combustion engine.

In add(non, Ihe supplementary vehicle heahng that is
provided routinely can be eliminated, thus resulting in
weight production and hence a reduction of fuel consump-
tion by thc motor vehicle in an advantageous nianner.

BRIEF DESCRIPTION OF THE DRAWINGS

Advantageous improvcmcnts and designs of the invention
are reflecleri in the claims and will become clear Irom Ihe.

embo(hment descwbed below v:ith reference to the riraw-
iilgs. so

FIG. 1 is a schematic view of a device for heating and
cooling a compartment of the motor vehicle;

FIG. 2 is an enthalpy-pressure graph of a vapor compres-
sion circuit operated under transcriticai prncess conditions;

as
and

FIG. 3 is a view of a combination expansion valve design.

DL(S('RIP lqON Ol TI IL'RI.'I LRRL'D
EMBODIMIiN I'

so
I'IG I is a schematic vieiv of a vapor cnmpression circuit

or a circuit I that can be operated under transcritical process
conditions. Thc circuit has, connected successively in series,
a compressor 2, an interior heat cxchangcr 3, a throttle
device 4, an ambient heat exchanger 5, and an exhaust heat ss
exchanger 6 designeri as a countercurrent heal exchanger as
circuit components.

Circuit 1 can be used for both heating anti coohng a
compartment of a motor vehicle ivith an internal combustion
engine 7 In this circuit, the sniid arrows indicate the flo&v

direction of thc circulating mcdiuni during a heating opera-
tion and thc dashed arrows indicate thc flow direction during
a cooltng operation. The medium in the circuit is com-

p re ascii to a supercrnical process pressure by the compressor
2 driven bv an engine 7 and enters a line 5 connected to a ss
3,'2-way valve that is used as a mode sivitch 9 fnr a cooling
or heatmg nperation nf circuit I In addition, a collecting

container 17 is provided in the circuit 1 on Ihe intel e side of
the compressor 2 to collect surplus medium in the circuit as
a circuit component in the circuit l.

During the heating operation, the medium in the circuit is
conducted from the mode switch 9 through a linc 10 to thc
interior heat exchanger 3 which is located on thc high-
pressure side of. the circuit 1. There, Ihe medium in the
circuit is exposed to compartment air which is supplied to
Ihe compartment, with the compartment air being heated by
the medimn in the circuit. The medium in the circu(t passes
through a line 11 to the throttle device that is designerl as an
expansion valve 4 and flows from there through thc 3(2-way
valve 12 to thc ambient heat exchanger 5 where it is exposed
to ambient air. In expansion valve 4, the medium in thc
circuit is expanded to a subcwncal process pressure so that
all of the circuit components between the expansion valve 4
and the oompressor are on a low-pressure side of the circuit
I during the heating operation

The medium in the circuit is then conducted through a hne
13 to thc exhaust heat cxchangcr 6 and heated by thc hot
exhaust ascs front internal combustion engine 7. Then, thc
medium m the circuit flows through a circuit valve 14 and
a line 35 lo Ihe compressor 2, complehng the circuit 1

If. Ihe temperature of Ihe medium in the circuit dumng the
heating operation downstream from expansion valve 4 is
above the ambient temperature or if there is a danger of icing
in heat exchanger 5, then a bypass linc 16 is opcncd by the
3(&-way valve 12. Thc linc 13 is closed at thc same time. In
this position of thc 3 2-way valve 12, thc ambient heat
exchanger 5 no longer has the meihum in the circuit flowin ~

through il.

Because Ihe ambient heat exchanger 5 no longer has the
medimn in the circuit tlowing through it, icing of the
ambient heat exchanger 5 is avoided m a s(mple fashion
Morcovcr, no heat energy is rcmovcrl by thc cooler ambient
air from thc medium in thc circuit. Thc medium in thc
circuit, therelore, enters the exhaust heat exchanger 6 at a
hi her temperature than would be Ihe case after giving up
heat energy to the environment.

This is important shortly after the motor vehicle is started,
since the exhaust temperature is loiv during this operating
phase and so only a small amount of heat is available for
hcatin thc medium in thc circuit in exhaust linc exchanger
6.

During thc coolin operation, thc medium in the circuit is
guided through the compressor 2, the ambient heat
exchanger 5, the expansion valve 4, anil the interior heat
exchanger 3. 'I'he compressor 2, the ambient heat exchanger
5, the expansion valve 4, and the interior heat exchanger 3
arc connected in series anil form an integral closed circuit 1.

A supcrcritical prcssure is produced on the hi h-pressure
side of thc circuit I anil a subcritical pressure is producerl on
Ihe low-pressure side of circuit 1. Heal energy is supphed on
Ihe low-pressure side to the meilium in the circuit in the
interior heat exchanger 3

The mass flow of the medium in the circuit is varied in the
circuit 1 by regulating Ihe throughput of the merlium in the
circuit in compressor 2 l(or the heat(ng operat(on, the
high-pressure side of circuit I is connected during the
cooling operation to the low-prcssure side. Also, the low-
pressurc side of thc circuit I is connected to thc high-
pressure side during the cooling operation. The meihum in
Ihe circuit, thereflire, is guided dunng heating at a subcnucal
pressure in the intenor heat exchanger 3, thereby transler-
ring heat energy to the compartment air being supplied to the
compartment. In order to increase the quantity of heat that
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can be transferred, the medium in the circuit ts additionafly
guided through exhaust heat exchanger 6 .lust as in the
cooling nperation, the mass flow of the medium in the circuit
is adjusted in the circuit I during the heating operation by
regulating thc throughput of thc con&presser 2.

Parameters such as a specdic temperature of lhe compart-
ment or a required healing or coohng power serve as
regulating parameters

FIG. 2 shows an cnthalpy-prcssure graph of circuit 1

durin a heating operation according to FIG. 1. During )n

compression of the medium in the circuit in compressor 2,
the pressure in circuit 1 is ra)seri irom a starting pressure P-I
to a supercritical pressure P-II. The temperature of the
medium in the circuit rises from a temperature T-I to a
tcmpcraturc T-II. Thc compressed medium in thc circuit is is

then coolcrl in thc interior heat exchanger 3 l&y thc compart-
ment air flow supplied to thc compartment isobarically to a
temperature T-III. The process pressure of. lhe meriium in lhe
circuit, as il flows through expansion valve 4, is then
lowered isenthalpically to a subcritical pressure P-IV that o

corresponrLs to the starting pressure P-I. The medium in the
circuit then cnnLs to a temperature liIV that is in the
wct-vapor range of thc mcdiuni in the circuit. Then, the
medium in thc circuit, as a two-phase mixture, enters the
ambient heal exchanger 5 and/or lhe exhaust heal exchanger
6 The mixture is heated there by the ambient air and or lhe.

exhaust gases from engine 7 so that the liquid portion of the
medium m the circuit evapnrates

The heating pc)ver delivered by compressnr 2 to circuit I
) )

is calculated from thc product of thc mass flow of thc
medium in thc circuit and the diffcrence in cnthalpy of
process states I aml II. The product of the riilference between
the specific enthalpies of lhe meriiu m in the circuit in process
states IV and I anil the mass flow of the meriiu m in the circuit
produces the heating poiver absorbed at a ioiv temperature
level m ambient heat exchanger 5 The quantity of heat
transfcrrcd to thc compartment air in thc interior heat
cxchan cr 3 during thc heating operation is thc product of
thc rlift'crcncc in cnthalpy between the state points II and III

ec
in FIG 2 aml the mass flow of. the mednim in ihe circuit. The.

value of the spec)lie enthalpy of lhe me)hum in the circuit al
state pnint lit correspnnds tn the compression work supplied
to the medium in the circuit and the increase in enthalpy by
thc heat added dunng evaporation in ambient heat exchanger as
5 and)or exhaust heat cxchangcr 6.

A value that dcscribcs the ciflcicncy of therniodynaniic
circuit processes is the "coelhcienl of performance*'OP,
whtch is riefined as lhe rano between the useful power
(coohng or healing power) and the compressor rlriving
power that is used The higher the useful pc)ver and the
lower the drivmg pc)ver used for compressor 9, the higher
thc COP.

If a constant useful power is desired, then thc driving
power of compressor 2 with increasing heat supply can be;;
reilucerl by the medium in the coohint in )uter)or heal
exchanger 3. If on lhe other hami lhe quantity of heat that
can be transferred in interior heat exchanger 3 decreases,
then a higher pnwer is supplied by regulation (not shown) to
thc compressor 2 so that thc desired heating power is „t)
available.

With constant suction prcssure and high pressure in
compressor 2, the dnving power of compressor 2 depenris on
the mass flow of. the medium in the circuit. With low cooling
and healing power, the required mass flow of medium in as
circuit I is small and, with a required high cooling or heating
power, the cnrresponding mass flnw ot'his medimn in the

circuit is large. In this way, lhe throughput of medium in the
circuit through compressor 2 and the mass tlow circulating
in the circuit I can be adapted to the requirement for heat and
the supply of loiv temperature heat in the same ivay

In a desi n of the circuit I that rliffcrs from thc prcscnt
cmborlimcnt, a form of regulation that is not shown is
prov)deil for adlusting a certain pressure level in circuit 1.

This regulauon regulates expansion valve 4 anil compressor
2. The opening cross section of the expansion valve 4 in lhe
simplest form of regulation can be designed to open ivider
as the mass floiv of the medium in the circuit delivered by
compressor 2 incrcascs. An adjusting dcvicc can bc provided
for controlling thc compression stroke to vary thc through-
put of thc compressor 2.

Teal series have shown that carbon dioxide (COc) is
especially suitable as a medium for lhe circuit in order to
operate the present circuit I with a good degree nf eiflciency
Because of the high volmnetric cooling power of carbon
dioxide, a srnafler volmne floiv of the medium in the circuit
is rcquircd in circuit 1 anil thc cross sections of lines 8, 10,
11, 13, 15, and 16 arc niuch smaflcr than when using
conventional coolants. In addition, because of the lower
viscosity and low flow rates in lines 8, 10, 11, 13, 15, and 16,
relauvely long i)nab especially sucnon lines, can be tra-
versed with ahnost no decrease in pressure.

On entering the interior heat exchanger 3, the two-phase
medium in thc circuit, rlurin cooling operation of circuit I,
is divirlcrl into various lines connected in parallel (not
shown) of interior heat exchanger 3. This ensures that in
each parallel hne, only that amount of medium in the circuit
will be introduced that can also evaporate. The meihum is
distrii&uted in the circuit differently in the evaporators and
heat exchangers knoivn from the prior art, ivith many knoivn
solutions using thc basic principle that thc medium in thc
system, after rlistribution into thc narrower lines and
capillaries, is injcctcrl into very much lar cr linc cross
sections. Because of lhe aud)lan expansion of lhe cross
section of the line, lhe medium in the circuit comes loose al
the expanded point from the walls of the line and then
evaporates as a result of the sudden expansion.

tyuring operation of circuit I as a heat pump or rluring the
hcatin operation, the flow direction of thc mcrlium in the
circuit in thc ambient heat exchanger 5 anil in thc interior
heat exchanger 3 is reversed. The reversal causes a sudden
reducuon of. cross section and)or a sharp reducnon in the
flow of. lhe medium in the system in intewor heat exchanger
3, which can result in considerable pressure drops and a
reduction of the ('OP

Thus, it is advantageous to use a medium in the circuit
such as carbon dioxide for cxamplc which, as mentioncrl
above, possesses a high volumetric coohng power in order
lo reduce lhe pressure losses. In or&ter lo transport the same
quanuly of heat usmg a medium in the circuit with a low
volmnetric cooling poiver, a much larger volume tlow of the
medium in the circuit is required which in turn causes a

necessary increase in the frictional losses in the hnes 8, 10,
11, 13, 15, 16 conrlucting thc medium in thc circuit and in
the pressure losses in thc internal heat exchanger 3.

When COc is userl as thc medium in the circuit, bccausc
of. lhe lower viscosity of. CO, anil lhe low flow rates that
result from the low volume flows in the lines, even relauvely
long lines, especially suction lines, can have the medium
flow through them with practically no decrease in pressure

Another advantage of CO& is that it is inert even at high
process temperatures. 'I'his means that, in the presence of
carbon dioxide, irreversible changes caused by nverheating
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can occur onlv at high temperatures at admixlures in circuit
I In addition, ('.Oz is a nonpoisonous, environmentally
friendly, anil nontlammahie material that can be used in a
motor vehicle without any safety problems.

By comparison with a reference cooling circuit in heating
circuits that arc opcratcd with a fluorine-hydrocarbon
(RI34a) as a medium in Ihe circuit, Ihe transcrilical cooling
circuit with COi shows the same or better performance
figures in a technically feasible temperature range of ihe heat
source 'I'he difference becomes even mnre pronounced as
the temperature during heat uptake becomes lower This is
csscntially based on thc hi her pressure ratio of the refer-
cncc process which inciudes a lesser isentropic coniprcssor
cfhcicncy.

Transcnucal cooling circuits are very good systems for
applications in which a high temperature spread for giving
off heat is advantageous and a heat source ivith nearly
constant temperature is available This is the case in a motor
vehicle vvith the air flnw to be heated for the vehicle interior
anil an uptake of heat from thc environment and(or thc
exhaust.

For safe operation of the niotor vehicle in traffic, thc
wintlshieltl must be I ept free of precipitation aml rleiced if.

necessary. For this purpose, an air flow is threcled al Ihe
windshield that has a temperature that is preferably higher
than 3(l'1

One cnterion for comfortable heating of the compartment
ts that it can bc travcrscd by an avcragc throughput of
compartment air through thc compartment or thc cabin. In
orrler Rir Ihe required heating power to be transmiued, Ihe.

air stream of. the compartment air must have a high tem-
perature. Thus, Ihe temperature of Ihe medium in the circuit
when heat is released in the interinr heat exchanger 3
determines the degree nf comfort that can be achieved in the
compartment of thc vchiclc. Thc temperature of thc niedium
in thc circuit at thc inlet and outlet of the interior heat
exchanger 3 designed as a cross-current heat exchanger
should be at least 30'. above the desired temperature of. Ihe
compartment. In order io achieve this setting, il is advania-
geous to keep the medium in the circuit supercritical when
heat is given off to the interior heat exchanger 3.

The pressure in the interior heat exchanger 3, hnivever,
must not evceed the admissible pressure for safety reasons
It is important to note that the circuit 1 and the components
of thc circuit, cvcn when thc motor vchicic is at rest, can bc
hcatcd by solar radiation, heat radiated from hot en inc
parts, manufactunng processes when repainting ihe vehicle,
etc., so that the medium in the circuit in the system is
evaporatetl anil expanils isochorically. Depending on Ihe
volume of the circuit I, with a part temperature of IIO to90',

a resting pressure increase of ff(f—9(f bars can be expected
in circuit 1. All of thc components of the circuit of thc device
that can bc opcratcd transcritically, especially the interior
heal exchanger 3, must be able lo safely nse to a pressure of,-,-
90 bars, keeping in minil suitable safety margins.

Aprcssurc-resistant design for the components is a critical
factor for the weight of. Ihe components since a high process
pressure requires, as a design measure in its simplesi form,
thicker waifs that result in a higher weight of the device.

Therefore, it is advantageous for reasons relaled io weak-
ness to limit the maximum admissible process pressure in
circuit I to a value that correspnnds to the mavimum resting
pressure that rtevelops in the cooling circuit of the vehicle

The materials from which the channels that conduct Ihe ss
compartment air (not shown) are made in the prior art are
limited in their temperature resistance. I'hus, the material

strength, for example in PP maleriaLs, decreases rapirlly
afiovc 100'. The tcnsilc strength of thc aluminum mate-
rials used to make interior heat cxchangcr 4 anil lines 8, 10,
11, 13, 15 and 16 rlrops clearly ivhcn the tcmpcraturc
mcreases from 30'. Io 100'. Temperatures that increase
further result in a disproportionate decrease in strength. In
order to be able to use materials that are economical and can
he recycled, limiting the upper compression temperature of
thc medium in the circuit is advantageous. Thus a thermal
overload on the air guide channels as well as thc usc of
tcmperaturc-resistant cost-intcnsivc matcoals can bc
avoided. Moreover, an upper temperature of the compart-
ment air comlucted into the compartment of: the motor
vehicle should not exceed IIO'., since higher air tempera-
tures are quickly perceived as painful by the vehicle occu-
pants

The throughput of the compartment air tlow conducted
throu h the interior heat exchanger 3, in an additional
cmbodinicnt of the present invention not shown in greater
detail, can be adjusted in the interior heat cxchangcr 3 so that
Ihe pressure on ihe high-pressure side of. the circuit 1 is
regulated to a lixed pressure during a heaung operauon. The
throughput of the compartment air can be ad)usted m a

simple fashion by varying the air throughput m the interior
heat cxchan cr or using a blower, known from the poor art,
on the ventilating device of thc motor vchiclc. Another
possibility for re ulating thc throughput of thc compartment
air involves using adtustable air flaps in the channeLs of ihe
ventilating device ihal conduct the compartment air.

With these measures, the medium m the circuit is not
subjected to any phase chan e in the interior heat exchanger
3 and thc process pressure docs not fall below a supcrcritical
pressure so that thc advantages of the supcrcritical process
described above can be enjoyed.

Expansion valve 4, as shown schematically in FIG. 3, can
he designed in an advanta eous embodiment as a combina-
tion expansion valve in the form of a three-dimensional unit
This design can bc switchcil in both flow ilircctions for
expansion of thc medium in thc circuit.

Although the invention has been descwbed and illustrated
m deiml, it is to be clearly understood that the same is by
way of illustration and example, and is not to be taken by
ivay of limitation. 'I'he spirit and scope of the present
invention are to he limited only by the terms of the appended
claims.

What is claimed is:
l. A device for heating and cooling a compartment of a

motor vehicle powered by an internal combustion engine
composing a circuit with a compressor, an ambient heaL
exchanger, a throttle device, an interior heat exchanger, and
an exhaust heat exchanger which is to be heated hy exhaust
from the engine,

whcrcin, iluring a heating operation, the compressor, thc
interior heat exchanger, thc throttle device, the ambient
heat exchanger, and the exhaust heat exchanger are
connected in senes so thai a medium in ihe circuit can
he expanded in said throttle device to a temperature
heloiv an intake temperature of the medium in the
compressor, exposed to ambient air in said ambient
heat exchanger, heated in said exhaust heat exchanger
by thc exhaust from thc engine, and compressed in thc
ctimpressoi;

ivherein, during a cooling operation, the compressor, the
ambient heat exchanger, the throttle device, and the
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intenor heat exchanger are arrangerl in senex, with the.

medium in the circuit heing expnaed to ambient air in
said amliient heat exchanger and heing ex1ianded in
said throttle device to a temperature belniv a cnmpart-
mcnt air tcmpcraturc, and

wherein the compartment air ia exposed to the medium in
the circuit in said interior heat exchanger.

2. The device according to claim I, and further compris-
ing a bypass line provided between said throttle device and
said exhaust heat cxchan rr pcrmittin thc niedium in thr
circuit to bypass said ambient heat exchanger and be guided
directly into said exhaust heat exchanger.

3. The device accoriling to claim 1, wherein said exhaust
heat cxchan cr is a countcrcurrcnt heat exchanger.

4. The device according to claim 1, wherein the throttle
device is an expansion valve.

5. The device accordmg to claim 1, anil further compns-
mg a collect.in ~ coniainer t.o receive the medium in the
circuit provided on the intake side of. the compressor.

6. The device according to claim 1, wherein said com-
pressor has an adjusting device for adjustin the compres-
sion stroke.

r a r r


