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1

VEHICLE COOLING/HEATING CIRCUIT

FIELD OF THE INVENTION

The present invennon relates in general terms Lo a

cooling/heating circuit for a vehicle and especially but not
exclusively for a vehicle with an electric motor fed by a fuel
ccfl.

Lo be regarded only as a concept proposal, and there is the
further proviso that, in eneral, it would probably only be
possii&le to provide a solution for smafl-category fuel-cell
vehicles

It is therefore Lhe obiect of. Lhe present invennon Lo speciTy
a coolin heann ~ circuit which, while requiring less instal-
lation space, can also be integrated into vehicles in higher
categories, especially those with a high mechanical pc&ver

BACKGROUND OF I1IE INVLiNTION 1(i

In a generally customary manner, a cooling/heating circuit
compnscs a cooler, which serves to give off heat to thc
cnvironmcnt. For this purpose, thc as&en&I&ly to be cooled,
e.g. Lhe engine or a fuel cell, is brought into thermal
interaction with a coolant fluid, whether directly or via a
further heat exchanger circuit, the fluid generally heing
conveyed in the cnniing/heating circuit by a pump driven
mechanicafly or by an electric motor Ib heat the interior of
thc motor vehicle, a heat exchanger is conventionally either „o
intcgratcd directly into the coolin,rhcatin circuit or, as in
soluttons which are already I nown, a secondary circuit
which transfers the heat from Lhe cooling,'heanng circuit to
a heating element is provided for heating purposes An
arrangement nf this kind is described, fnr example, in L'P-0

zs
(i3S 7i2

Howcvcr, it has recently been found that, particularly in
thc case of electric vchiclcs with a furl ccfl that have a high
mechanical clnving power, the entire heat output to bc
disstpated can only be removed by a single cooler at
consicierable expense, if at alL In Lhe case of. Lhe above-
mentioned vehicles especially, there is a striking difference
compared to vehicles driven by internal combustion engines
since waste heat can bc dissipated to only a niinimal extent
by means of thc exhaust as, if at afl. Another problcni
results from thc fact that not only is thc heat output to be
dissipateci high anci the installation space small, but also Lhe.

temperature level requirements for Lhe imhvidual assemblies
to be confed vary very widely. For example, the operating
temperature of a fuel ceil is currently abnut SO'., ivhiie
condcnscrs for exhaust gases or a connected air-conditioning
system, for cxamplc, which arc integrated into thc coolinb&
heating circuit, rcquirc significantly loivcr temperatures.

Cooling/heating circus! systems have therefore recently
been developed which have two constituent circu&L& which Ls

are, at least in part, at chlferent temperatures and each
contain at least one cooler in order in each case to cool at
least one assembly. Such a cooling/heating circuit of the
gcncric type in accordance with the preamble of claim I is
disclosed in bWarmcubcrtrager im so

BrcnnstoffzcHcnfahrzcu neue Amvcndungcn und
Anforderungen" [Heat exchanger in fuel-cefl vehicles-
new applications and requirements],
Brennstoifzellenfahrzeuge, Haus cier Technik, Nov. 30,
i 999 In the case of the concept disclnsed here, a high-
temperature cnoiant circuit is used to cool the fuel cell and
thc intcrcoolcr, if thc latter is cmbodicd as a liquid-cooled
hc&t cxchangcr, while a low-temperature circuit cools the
exhaust-gas condenser and other electronic coniponcnts,
where appropnate. Each of the circuiL& has a separate cooler,
the low-temperature cooler being arranged upstream of. Lhe.

high-temperature cooler in terms of airflow I lowever, since
in general the installation space available in vehicles is very
limited, there is a problem both with integration and with
heat dissipation in a vehicle since separate control and as

driving means arc required for each constituent circuit. As
stated by the authors, the solution described is accordingly

SUMMARY Oi TIIL'NVL'N I1ON

According to thc invention, thc above object is achieved,
in thc case of a coolin 'heating circuit of thc generic type
with at least two constituent circuits which are, at least in
part, at difierent temperatures and each contain at least one
cooler in order in each case Lo cool at least one assembly, by
virtue of the fact that the constituent circuits are coupled
fluid-mechanically to one another. In other ivords, there is an
intcrrclationship at least as rc arcls thc flow in thc constitu-
ent circuits involvccl, resulting in simplified common control
of the respective constituent circuits ancl or a fluicl drive for
Lhe respective conshtuent circuits that requires less instal-
lation space. Any further auxiliary circuits, e g. a thermo-
dynamic air-conditioning circuit, a conventional and&or ther-
modynamic heating circuit and the like can optionally be
coupled to cithcr of thc constituent circuits, althou h thcsc
aclclitional circuits shoulcl not bc thought of as constituent
circuits according to thc definition given in the above
description and the auached claims.

The constituent circuits are advantageously coupled to
one another either by means of a common pump, tive pumps
vvith a common clrivc or by means of a clcvicc that, on thc
basis of the flow in onc constituent circuit, brings about flow
in another consiituent circuit. Although the use oi. just one
pump allows a design that Lakes up a minimal amount of
installation space, a considerable amount nf installation
space can still be saved if use is made of two pumps with a
common drive In addition to coupling by means of one or
morc pumps, thcrc is a large nun&bar of further ways of using
fluicl floiv in one circuit to bring about fluid flow in another
circuit. Purely by way of. example, menuon will be made
here of. means based essentiafly on Lhe principle of an elector
pump, and of a turbine, ivhich, ivhen arranged in one of the
constituent circuits, allows mechanical power transmission
to a pumping medium in another constituent circuit

In a preferrccl cmbodimcnt, there is not only coupling in
terms of floiv but also thermal coupling, thus allowing
tcmpcraturc transfer and, in this context, it is possible, in
particular, to use a common line section. The possibihty of
Lemperature transfer lrom one consutuent circuit Lo another,
in particular from a constituent circuit at a lower temperature
to a constituent circuit at a higher temperature, advanta-
geously makes it possible to conipensatc for thermal peaks
in thc constituent circuit at hi hcr tempcraturc or to provide
a re ion at moclcrate tcmpcrature in thc latter. It should bc
mennoned that the thermal coupling can be proviciecl either
bv mixing fluicl or without exchanging tluids, e.. by means
of a heat exchanger.

In order to take account of the respective operating states
of the assemblies to be cooled and&or constituent circuits, the
couplin in terms of flow anclior thc tcmpcrature transfi:r
between thc constituent circuits can bc made controflabhn
This control can be achievecl m a parucularly simple manner
by means of adiustable valves, although other means, e.g.
transmission& with various transmission ranos, are also
possible ivhere, for example, two pumps with a common
drive are provided



In a particularly preferred embodiment, the fluid-
mechanical and)or temperature coupling takes the form of
one cnnstituent circuit acting as a cnntrni circuit for the other
constituent circuit If, for example, a ln&v-temperature circuit
is provided as a control circuit for a high-temperature circuit,
an appropriately arranged mctcrin valve can l&c used to take
fluul from a temperature circuit at high temperature to
enable it to be cooled signiiicantly in the low-temperature
constituent circuit, sn that this lower-temperature fluid can
be fed hack intn the original cnnstituent circuit 1))

In a particularly preferred embodiment of the present
invention, at least onc of thc asscniblics to l&e cooled
comprises a fuel cell, which is associated with onc of the
constituent circuits via a heat exchanger, for example. Most
currently available fuel cells require the use of deionized
water, lerwhng to the use at present of an auxihary circuit
with a heat exchanger

It is furthermore advantageous if at least one of the
assemblies to be cooled is an air-conditioning condenser,
which is, in particular, arranged at thc cooicst point in thc
coolin@'heating circuit. It is a wcli-known fact that air-
condittomng condensers require a relatively low tempera-
ture level, for which reason air-conditioning systems have
generally not been provuled in fuel-cell vehicles up to now.
However, since high-class vehicles with a correspnndingly
high engine output are now in demand, it is necessary in
terms of vchiclc comfort to provide an air-conditioning
system for such vehicles.

It is advantageous if at least two, in particular in each case
lo

two, assemblies to be cooled from the group comprising the.

intercooler, the fuel cell or fuel-cell heat exchanger, the.

exhaust-gas cnndenser and the fuel cooler, are connected
directly in series in a constituent circuit In particular, it is,
for example, advantageous if the intcrcoolcr and fuel cells
arc conncctcd directly in series since, ideally, thc air to bc
feil to thc fuel ceil should bc approximately at thc operating
temperature oi. the fuel cell. The same apphes to the fuel
cooler and it is thereiore arivantageous to connect it in series
with the intercooler and/or the fuel cell.

ao
It is advantageous fnr at least two, in particular three,

assemblies to be cooled ivhich have a low heat nutput and or
rcquirc a low tcmpcraturc levci to be provided in parallel in
onc of thc constituent circuits. In particular, these asscmblics
can be an intercooler, an air-conriiuoning condenser, a fuel as
cooler, an inverter or even the electnc motor itself..

Since certain assemblies to be cooleri, e.g. the air-
conditiomng condenser, the exhaust-gas condenser and the
intercooler require relatively low temperatures and/or a
relatively small cooling capacity, it is preferred that at least
onc, in particular two, of thc above-mentioned assemblies
should bc conncctcd upstream of thc assenil&ly to be cooled
with the highest heat output, which will usually be the fuel
cell in the case of a fuel-cell vehicle.

To enable the different temperature levels of the consnui-
ent circuits coupled in terms of flnw, which can nptionally
also be cnupled thermally subject to certain cnnditions, to be
cxploitcd in an optimum manner, it is prcfcrrcd that at least
onc, in particular two, asscmbiics to bc cooled which have
a low heat output and&or require a relatively low 0)
temperature, selecteri from the group compritung the air-
comhtiomng condenser, the exhaust-gas condenser and the.

intercooler for example, is/are arranged in a constituent
circuit &vhich rloes not contain the assembly tn be conied
with thc highest heat output. 6&

I'inally it is preferred that the coolers in different con-
stituent circuits should be arranged in separate air ducts In

the case of two conshiuent circuits, for example, it would be
possible to arrange the cooler of the lo&v-temperature con-
stituent circuit in a decentralized manner, i.e at a different
location from that of the conventional cooler in knoivn
vehicles.

IIRILI'ILS('Rl RIION Ol'll IL'RAWINGS

Further advantages and features of the invention will
emerge from the following description of a number of
currently preferred embodiments, which is given with ref-
crcncc to thc attached drawings, is provirlcd purely by v ay
of illustration and is not intended to restrict thc invention. In
the drawings.

lqG. I gives a systematic view of a coolinwheatin circuit
as a preferred embodiment of the present invention,

FIG. 2 sho&vs a slightly modified cmbodimcnt compared
with that in FIG. 1,

I'IG. 3 shows a variant of the embodiment in I'IG I,
FIG. 4 shows an alternative prcfcrrcd embodiment of a

coolingihcatin circuit according to the invention,
FIG. 5 shows yet another varuint of the embodiment in

I'I(IS I to 4,

FIG. 6 shoivs a possible fluid-mechanical couphng
bctwcen constituent circuits in detail, based on thc principle
of. an elector pump,

I'IG. 7 shows a preferred embodiment nf a coolin
heating circuit according to the invention, one constituent
circuit being dcsigncd as a control circuit for another con-
stituent circuit,

FIG. 0 shows a vanant embodiment of. that in FIG. 7, and

lqG. 9 shows yet another preferred embodiment

DETAILED DESCRIPTION OF THE
INVLNTION

FIG. 1 shows the sy&tamale structure of a preierred
embodiment of a cooling. heating circuit according to the
invention The coolingiheating circuit shown here is
intcndcd for a fuel-cell vehicle anil is therefore used prima-
rily to cool a fuel cell 1. Together with a system of lines, a

punip 9, an expansion tank 2 and a heat cxchangcr 11, thc
fuel cell I forms an assembly to be cooled. Fuel celLs which
are currently available commercially are operated at tem-
peratures bet&veen SO''nd SS'., the heat output to be
dissipated corresponding approximately to the electrical
po&ver that can be obtained In order therefore to cool the
assembly 10 includin the fuel cell I, thc heat cxchan cr 11

has connected to it a first constituent circuit 30, which has
a cooler 31. The cooler 31 is subt ected in the convenuonal
manner to ambient air, a fan bemg provided in the customary
manner to ensure sufficient air exchange. 'I'he fluid emerging
from the cooler 31 should have a temperature nf no more
than 75'., preferably about 60'. 'I'he tluid contained in
thc first constituent circuit 30, which can be a mixture of
&vatcr and lycol for example, is move(I by a fi:cd pump 39.

In the embodiment illustrated in FIG. 1, the Iirst consutu-
ent circuit 30 furthemiore contains an expansion tank 2, the
electric motor 32 to be cooled, including the inverter asso-
ciatcrl with it, and a hcatin heat exchanger 33 by means of
&vhich thc interior of thc vchiclc can bc hcatcrl. Finally, thc
Iirst conshiuent circuit 30 also contams a bypass line, which
can be controlled by means of a three-way temperature valve
36 to enable the luel cell 1 to reach the desired operaung
temperature more quickly during a starting phase of the
vehicle



The cooflng/heating circuit iflustrateri in FIG. I iurther-
more comprises a secoml constituent circuit 2U, which is
provided with a dcccntralized cooler 21, i.c. the cooler 21
docs not interact in terms of air flow with thc cooler 31 of
the brat constituent circuit. 'I'he cnndenser 22 of an air-
conditiomng system foot shown) is connected doivnstream
of the cooler 21. Once the fluid in the second consntuent
circuit 20, which in the present case is identical ivith the fluid
in the tirst constituent circuit 20, has passed through the
condenser 22, it is fed intn the first constituent circuit 30 io
upstream of thc pump 39 in said circuit, thc pump 39 thus
actin both on thc first constituent circuit 30 and on the
seconri constituent circus! 20 on the inlet sirie. Follov:ing the.

pump 39, the two constituent circuiL& 2U, 3U branch again, a
3-way metering valve 38 being provided in the embodiment
dlustrated, allowing the fluid to be distributed in a controlled
manner between the two constituent circuits. Between the
mctcrin valve 38 and thc punip 39, the two component
streams flow in a common linc section 37', with thr result
that Lhe two constituent circuits are at essennally Lhe same
temperature after the metenng valve 38, this temperature
heing in a range bet&veen the outlet temperatures of the two
coolers 21, 31, preferably less than 60''he

fluid in the second constituent circuit 20 then passes
thrnugh an intercooler 23, which is intended tn cool the air
used to feed the fuel cell I, ivhich has first of all been
comprcsscd and thrrcforc heated up. The Quid, which has
bccn hcatcd only sli htly by thc intercoolcr since the latter
generally has a heat output of 5 kW, then passes into an
exhaust-gas condenser 24, which is provided i or the purpose
of cooling the air emerging from the fuel cell I, aflowing the
vapor absnrberl from the fuel ceil to be cnndensed (for use
in steam reforming fnr the preparation of the fuel fnr the fuel
cell). After passing through thr exhaust-gas condenser 24,
thc Quid reaches an expansion tank 2 and, finally, a fuel
cooler 25, bcforc thc second constituent circuit 20 returns to
the cooler 21. The fuel cooler 25 is provided for the purpose.
of cooling the fuel coming, for example, irom a steam
refnrming process to the nperating temperature of the fuel
cell I ao

The concept illustrated in FIG. 1 thus mal es it possible io
provide the various assemblies to be cooled at the desired
temperatures and with the required cooling capacity, using
just onc pump 39. In particular, it is possibic to keep the
condcnscr 22 of thc air-conditioning system at temperatures Ls

of below 60'. and to keep the exhaust-gas condenser at
temperatures of arouml or below 60'. In the descnpnon
that follows, purely iflustrative ligures for temperature and
power are given fnr the various assemblies in the individual
constituent circuits 20, 30 In the first constituent circuit 30,
thc tcmpcraturc on thc outlet side of thc cooler 31 is about60'. Thc clcctric motor 32 with its associated invcrtcr
provides a heat output of about ZO kW, with thc result that
the temperature is then below about 7(t'. The heat output
of the heat exchanger 11 ts about 6(t kW, giving rise to a
temperature of about 80' at the outlet. This temperature
is sufflcient for the heating heat exchanger to heat the
intcnor of thc vehicle when required. The cumulative heat-
ing power in thc first constituent circuit 30 is thus about 80
kW; this heat output can br dissipated by available coolers, s&

thus allowing a stanilaril cooler to be used for the cooler 31.
In thc second constituent circuit, thc outlet temperature of

the cooler 21 is slightly lower, e.g. about 45'. This
temperature makes u possible Lo dissipate heat from the
condenser 22 of. Lhe air-conditioning system in a suitable es
manner The condenser 22 provides a heat output of about IO

kW, with the result that the temperature ot'he coolant fed

mto the lira( consntuent circuit 30 upstream of the pump 39
is below that at the outlet eml of Lhe cooler 31. At Lhe 3-way
control valve 38, sonic of thc coolant is in turn rcmovcrl,
&vith thc common linc section 37 lcadin to a homogeneous
temperature, &vhich is like&vise below the outlet temperature
of the cooler 31. I or example, the temperature in the
constituent circuit ZO after the branch can thus be aboutSS'.

The intercooler Z3 proviiles a heat output of about 5 kW,
with thc result that thc teniperaturc after it is below 60'.,
this tcmpcrature being well suited to satisfactory cooling of
the exhaust-gas condenser. The exhaust-gas condenser pro-
vides a heat output of about ZO kW, with the result that the
temperature after LL is about 7(t'. Before Lhe coolant
reaches the cooler 21 again, it passes through the tuel cooler
25, which provirlcs a heat output of about I kW. The person
skilled in the art &vill recognize that the overall concept
accordingly aflo&vs improved handling of the heat output to
be dissipated, and the amount of space required is mimmal,
especuifly since lust one pump is requirerl to dove both
constituent circuits 20, 30. The 3-way me&erin valve 38
morcovcr niakcs it possible to adjust the overall system to an
cxtremcly wide range of operating states of thc inrlivirlual
assemblies to be cooled, allo&vin cooling capacity available
in the second constituent circuit 20 to be transferred to the
lira& constituent circuit 3U anil vice versa

FIG. 2 sho&vs a slightly modified cmbodimcnt compared
&vith that sho&vn in I l(i. I The basic structure of the
coolingihcatin circuit shown in FIG. 2 corresponds essen-
tially to that shoivn in FIG. 1, and thc description of thc
inrlividual asscmblics and components will thcrcforc not bc
repeated where these correspond, and Lhe same applies to Lhe

description of the other ligurew In contrast to FIG. I, Lhe

exhaust-gas condenser in the case of the embodiment shown
in I'IG 2 is arranged after the condenser 22 for the air-
conditioning system. By arranging the exhaust-gas con-
dcnscr 24 in this subsection of constituent circuit 20, which
will al&vays be at a lower tempcraturc than constituent circuit
30, san&factory condensanon of the exhaust gases can be
main(&mad at all times, even if the fuel cell is being operated
in the maximmn-load range and the temperature of the first
constituent circuit 30 is sli htly high overall, compared with
that dcscribcd above.

I'IG. 3 sho&vs another preferred embodiment of a pre-
ferred cooling heating circuit, a first constituent circuit 30
with corresponding asseniblics anti a scconrl constituent
circuit 20, likewise with corresponding asscmblics, being
provided as in thc two preceding embodiments In contrast
to the preceding embodiments, however, there is no mixin ~

between Lhe fluids in the two constituent circuits, aflowin ~

different coolants to be used in the two constituent circuits
20, 30 in this embodiment. Accordin to the invention,
howcvcr, the tivo circuits arc couplcrl in terms of flow since
a turbine 39" is arranged after the pump 39 in the first
constituent circuit 30 anil can drive a pumping medium 29
in Lhe second constituent circuit ZU by mech&meal power
transmission. The pervom skilled in the art should be aware
that a transmission (not sho&vn) can be provided bet&veen the
turbine 39" and the pumping medium 29 in order to effect
controflcd couplin in terms of flow. In adrlition to thc
possibility of using diffcrcnt fluids, thc embodiment illus-
trated in FIG. 3 also has the arlvantage that thc tcmpcraturc
m the second consntuent circuit ZO can be kept at a lower
level overall, although this also has the effect that it is not
possible for peak outputs in the first constituent circuit 30 to
be covered by coolin capacity in the second constituent
circuit 20.

In the case of the embodiment illustrated in I'IG. 4, the
fluid-mechanical coupling is provided by two pumps 29, 39',
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which can act on the respective fluuis by means of. a
common drive. As also in the case of the embodiment shown
in FIG. 3, a transmission can be provided bctwccn thc drive
an(I at least onc or both of thc respective pumps tn enable thc
flow velocities in the twn cnnstituent circuits tn be set in a
controllable manner In this embodiment, the saving of
installation space is achieved substantuilly by means of the
common drive for the two pumps 29, 39'therwise, the
same advantages m terms of thermodynamics nbtain as in
the case nf the embndiment shown in HG. 3

The embndiment illustrated in ItIG. 5 represents a slight
modification nf the embodiment shnivn in FIG 4. In this
cmborhmcnt, thcrc is not only thc fluid-mechanical coupling
but also thermal coupling, without mixing of thc fluids
taking place however. In order to establish the themtal ts
couphng, the two constituent circuits 20, 3U interact by
means of a heat exchanger 28. This embodiment ihus makes
it possiliie to use difFerent fluids in the constituent circuits
although, in contrast tn the embodiments shnivn in ItlG8 3
and 4, thermal peaks in thc constituent circuit 30 can be an
covcrcd by cooling capacity in cnnstitucnt circuit 20. In
order to ensure satisfactory condensatinn in thc exhaust-gas
comlenser 24, irrespective of. operating states, this comlenser
coulil, iT. appropriate, be arranged as in the vanant embodi-
ment shown in I'IG. 2, i.e before the thermal interaction
lietween the twn constituent circuits 20, 30 nccurs

FIG. 6 shows a partial view of another way of. coupling
the constituent circuits 20, 30 thermally and in terms of flow
'I'he arrangement shnwn in I'IG. 6 is based on the principle
of a water cjcctor pump. In other wnr(LS, a line section nf the
second cooling circuit 30 after the punip 39 is fcd into the
first constituent circuit 3U in such a way that the tlow in
constttuent circuit 30 has a sucuon eITect on consutuent
circuit 20. In a part of the common line that is further
downstream, they can branch niF again In the embodiment is
shown, this liranch is represented simply in the form of an
opcnin»n the linc but it would also bc possible to provide
at this point an arran cmcnt similar to the infccd, making it
possible to allow for a possible flow profile or temperature
prolile. If the feed opening anti the discharge opening were an
in ahgnment, for example, fluiri could be fed in at a low
temperature and removed at a relatively lnw temperature

FIG. 7 shows another preferred embodiment of a cooing,'eaung

circuit according to the invention, which dilTers
signihcantly in concept froin the preceding embndiments. In as
this embodiment too, cnrrespnnding cnmpnnents are pro-
virlcrl with corresponding rcfcrence numerals. The first
constituent circuit 30 once again contains a cnolcr 31 of
conventional construction, which can be acted upon by a
fan. Arranged downstream of the cooler 3U is an electnc sn

pump 39, which ilelivers the coolant. After the electnc pump
39, the conlant passes into an exhaust-gas cnndenser, in
which the exhaust gases frnm a I'uei cell I, which cnntain
water vapor, arc condensed. After thc exhaust-gas
condcnscr, thc fuel cell 1 is cooicd via a heat cxchan er 11,
aller which the flow passes through a fuel cooler 25 and a
heating heat exchanger 33. In the embodiment under
consirieration, the secoml constituent circuit 20 is designed
as a cnnling bypass that forms a thermal control circuit A
liranch is fnrmed for this purpose dnwnstream of the pmnp
39. Provirlcd downstream of thc branch, in the second
constituent circuit 20, is a metering valve 26, enabling thc
output of the electric pump 39 to be thverted proporuonately
to the seconri constituent circuit 2U in a controllable manner.
In the embodiment illustrated, the second consuuient circuit ss
20 includes the cnndenser 22 of an air-cnnditioning system,
the interconler 23 and the electric motor 32 pius the asso-

crated inverter. As illustratetl, the above-menuoned assem-
bhes are provided connectetl in parallel in the second
constituent circuit 20. After flowing through said assemblics,
thc fluid in thc second constituent circuit 20 cntcrs a deccn-
tralixed cooler 21, after ivhich the cnnled fluid is fed hack
into the first constituent circuit 30 upstream of the electric
pump 39. Constructing the seconil constituent circuit 2U as
a thermal control circuit enables the inlet temperature for the
exhaust- as condenser 24 to bc arljustcd in a suitable manner
and, as with the preceding embodiments, only one electnc
pump 39 is required to pump the fluids in both constituent
circuits. In the emboihment illustrated here, a low tempera-
ture level is thus maintained in the secnnd constituent circuit
20, allniving the condenser 22 of the air-cnnditionin system
to be cooled in a suitable nianncr, an(I in particular it is
possiiiie to achicvc a tcmperaturc of about 55'. on thc inlet
side of the exhaust-gas condenser. Although the assemblies
m the secoml constituent circuit 2U in the embodiment
illustrated in FIG. 7 are shown connected in parallel, parual-
or ivholly-series connectinn nf these assemblies is also
possiiile

I'IG. 8 shoivs a variant embodiment of the embnrhment
shown in FI(i 7, a secnnd constituent circuit 20 likewise
heing assigned as a cnntrol circuit tn the first constituent
circuit 30. In the embodiment illustrated here, thc fuel cell
I, as thc asscmiily 10 to iic coolcrl, is cookd rlircctly by the
coolant circulaung in the Iirst and second constituent circuius
20, 30. As in the case of the preceding emboihmen(s the first
cnnstituent circuit 30 comprises an exhaust-gas condenser
24, ivhich is connected in parallel ivith the fuel cell m the
embodiment illustrated. In the embndiment illustrated, the
first constituent circuit 30 contains not only thc fuel cell I
an(I the exhaust-gas con(tenser 24 iiut also a heating-heat
exchanger 33, by means of which the intenor of the vehicle
can be cooled. The heaung-heat exchanger 33 is provided
with a bypass line ivhich, nn the one hand, makes it possible
to bypass the heatin -heat exchanger when heating of the
interior of the vehicle is not required and, on the other hand,
allows thc coolant to bc circulated several times at high
tempcraturc through thc heating-heat cxchangcr 33.

Arran ed in parallel in thc second constituent circuit 20
arc thc fuel cooler 25, thc intcrcooier 23, thc condcnscr of an
air-conditioning system and thc electric motor 32 with thc
associated inverter.

In addition to the advantages obtaincrl accorrhng to thc
cmbodinicnt shown in FIG. 7, the cmborlimcnt illustrated
here is distinguished by the fact that the temperature level
for the luel cell 1 to be cooletl and that for the exhaust-gas
cnndenser are essentially the same, making it easier to adjust
the temperature, adjustment being possible both by means of
thc pump 39 an(I thc adjustin valve 26. Morcovcr, con-
nectin thc asscmiiiics to be cooled in parallel in thc scconrl
constituent circuit 20 likewise niakcs for simplified control,
with the individual assemblies having essentially no thermal
eflect on one another owing to their connection in parallel.

Finally, FIG. 9 shows another vanant embodiment of the
embodiment shown in FIG. 7, corresponding componenus
being provided with the same reference numeraLs. For the
sake of brevity, components that have already been
descriiied will nnt be described again in detail. The variant
cmborlimcnt in accordance with FIG. 9 corrcsponrls essen-
tially to thc structure shown in FIG 8 as regards thc
assemblies to be cooleil, but the heaung-heat exchanger 33
has been provided in parallel with the cooler 31 in the first
constituent circuit 30, a metenng valve 36" ensurin ~ adtust-
able admission thereto. It should be mentinned that a bypass
line can also additionally be provided for the heating-heat
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exchanger 33, in a manner similar to that shov:n in FIG. g.
It should furthermore lie understood that although the adjust-
ing valves 26, 36" are shown as in-line valves, they could
alsn be designed as 3-way valves at the respective line
intcrscctions, and it would also bc possible to provide further
atljusting valves, c.g. at thc point where the first constituent
circuit 3U branches off toward Ihe fuel cell 1 aml Ihe
exhaust-gas evaporator 24, allowing Ihe fuel cell lo be
cooled satisfactorily at the expense of the evhaust-gas
condenser, for evample, if the fuel cell reaches a critical
temperature.

Although the present invention has been described above
by way of example and completely v:ith reference lo cur-
rently preferred embodiments, the person sl fled in the art
should recogmze that a large number nf other possible
modihcations fail within the scope of the claims. In
particular, thc person skilled in thc art should recognize that
individual fcaturcs of onc embodiment can be combined in
any iles)rail manner with features of other embodiments.
Accordingly, it should also be mentioned thai although only
two constituent circuits have been riescribed above, any
number of constituent circuits is possible as long as there is
fluid-mechanicai coupling lietiveen at least two constituent
circuits as spccificd by thc invention. Finally, it should bc
mcntioncd that thc principic in accordance with thc inven-
tion can also be applied to other assemblies to be cooled.

In summary, it may at any rate be stated that the snlution
according to the invention allows significantly improved
cooling nf an extremely wide range of assemblies at ditferent
tcmpcraturcs and/or with difterent heat outputs without
cxccssivcly incrcasin thc required installation space or thc
number of components required.

What is claimeri is:
I A cooling/heating circuit for a vehicle ivith at least two

constituent circuits, said at least two constituent circuits
heing at least in part at different temperatures and each
containing at least onc cooler in order on each case to cool
at least one assembly, wherein thc constituent circuits are
coupkti fluid-mechamcally to one another, wherein al least
one of sairi assemblies to be cooled )stare connected
upstream of the one of said assemblies tn be cnnied that has
the highest heat output

2. A coohng/heating circuit according to claim I, wherein
thc constituent circuits are coupicd to one another either by
a common pump, two pumps with a common drive or by a
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device which, on lhe basis of. flow in one consutuent circuit,
brings about flow in another m)nstituent circuit.

3. A cooling heating circuit accorrling to claim 1, whcrcin
Ihe consnlueni circuits have lemperalure transfer means thai
allow a temperature transfer through a common line secuon

4. A coolin healing circuit according to claim 3, wherein
the coupling and)or temperature transfer betiveen constitu-
ent circuits can be controlled

5. A coolingheating circuit amording to claim 1, wherein
one constituent circuit is assigned as a control circuit to
another consiiluenl circuit.

6. The cooling heaung circuit according to claim 1,
wherein al least one of Ihe assemblies lo be cooleti inclmles
a fuel cell with a heat exchanger interposed for association
with one of the constituent circuits.

7. Thc coolin 'heating circuit according to claim 1,
wherein at least onc of thc asscmblics to bc cookd is a
condenser of an air-comhtioning system, said condenser is
arranged at a coolest point m the coolingrheaung circuit.

g. The cooling/heating circuit according to claim 1,
ivherein at least two of the assemblies to be cooled include
any two from the group including an intercooler, a fuel cell
fheat exchanger), an exhaust-gas contlcnser and a fuel
cooler, and arc conncctctl directly in series in onc of sairl
conslituenl circuits.

9. The cooling heaung circuit according to claim 1,
wherein at least two of Ihe assemblies to be cooled include
any tivo from the group inciudin an intercooler, an air-
conditioning condenser, a fuel cooler, an inverter and an
clcctric motor, and arc connected in paralkl in onc of said
constituent circuits.

1U. The cooling/heating circuit according to claim 1,
wherein at least one of. said assemblies to be cooled inclmles
al least one from lhe group mcluihng an air-conditionin ~

condenser, an exhaust-gas condenser and an intercooler
11 A heating air-conditioning system including a coohng/

heatin circuit according to claim 1, whncin at kast onc of
thc asscmblics to bc cooled inclurlcs anyone from thc group
inchirhng an air-comliuoning m)ndenser, an exhaust-gas
conilenser and an inlercooler, aml is/are arranged in one of
said consuluenl circuns that iloes not contain said assembly
to be cooled having the highest heat output.

12 A coolingrheating circuit according In claim I,
wherein thc coolers are arrangctl in separate air ducts.


