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[&7] ABSTRACT

The invention relates Io a process for heaung the passenger
compartments of motor vehicles by means of the heat given

off
b the engine (I) via the coolant which is taken hack to

the cnginc (I) through coolant lines via a hc&t cxchangcr to
heat the passcngcr compartment, and a clcvicc for imple-
menting Ihe process. The heaung capacity provided lor the
passenger compartment can be markedly increased by the
use of a counterflow heat exchan er (3) aml reducing the
coniant tlow through the engine (I) and/or the heat
exchanger (3) by a proportion determinedly the permissible
limit values of engine cooling. A counterflo characteristic
can bc obtained, in particular, by thc scrics connection of
convenuonal cross-flow heat exchangers. Further improve-
ments are possible by specially designing Ihe heat exchanger
lins and the dimensions and insulation of the coolant lines
(2, 4) 'I'he process of the invention is particularly applicable
to aciditionai heat sources fitted upstream of the passenger
compartment heat exchanger.

42 Claims, 10 Drawing Sheets
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5,860,595

MOTOR VEHICLE HEAT EXHANGER

BACKGROUND OF THE INVENTION

The invention relates to a process lor heating Lhe passen-
ger compartments of motor vehicles by means of the waste
heat given otf hy the eng,ine via the liquid or gaseous
coolant, which is fccl back to thc cnginc throu h coolant
lines via a passcngcr compartment heat cxchangcr in order
to heat thc passcngcr compartment, and a dcvicc for implc-
menung the process. in

Agamst the backdrop of constant improvements in the
efliciency of combusnon engines, dnve technology aml
aerodynamics in motor vehicle constructinn, simple thermo-
dynamic considerations quickly make it apparent that con-
sidcrablv morc cfficicnt methods must bc dcvclopcd in '-'uturc

for utilising thc waste heat given otf by thc cnginc for
heating purposes, particularly for heating the passenger
compartmenL.

Depemhng on the efliciency and the drivm ~ intuanon,
vehicles with highly eflicient diesel engines already on the
market today display problems with heating the passenger
compartment under extreme climatic cnnditions in addition
to thc very slow heating-up of thc engine and thc passen cr
compartment, thc heating capacity while driving at low
loads is often insulficient Lo achieve a comlortable climate in
the passenger compartment, even alter a relatively lon ~

journey
Therefore, some motor vehicle manufacturers are trying

to eliminate this heatmg capacity deficit by means of an in
additional, fuel-firccl or clcctrically hcatcd heat source, as
sufflcicnt heating capacity for thc passcngcr compartment
could not be provided by opumising Lhe coolant system
alone. This is not surpmsing at first glance, as the mtofant,'eating

systems currenily on Lhe marl et are already the
product of many years* optimisatinn involving vanatinn of
the conlant, fresh-air and circulating-air mass flows, as well
as the gcomctry and position of thc passenger compartment
heat cxchangcrs and control valves.

Furthermore, thc loss of heat to thc surrouncling environ- an
ment can, for example, be reduced by thermal encapsulation
of the engine, improvement of the insulauon of the passen-
ger cnmpartment, recovery of heat from the exhaust gas, an
increase in the circulating air mass tlnw in the passenger
compartment or even by recnvery nf the heat still contained
in thc air escaping from thc passenger compartment into thc
surrounding cnvironmcnt via a waste-airifrcsh-atr heat
exchanger, meaning that the use of additional heating sys-
tems or heating energy can be at least partly dispensed with.

Howcvcr, these mcasurcs entail considcrablc adclnional sn
costs, which renders them unanractive, particularly for
smaller vehicles. That said, precisely this class of vehicles in
conjunctinn with highly eNcient engines already has very
low fuel cnnsumption and thus also little waste heat for
heating purposes as a result nf their low mass

The invention is based on the task of creating an eNcient
and low-cost process for reducing the lnss of heat tn the
surrouncling cnvironmcnt for motor vehicles ivith coolant-
heatcd passcngcr compartments, so that as little adclinonal
heating cncrgy as possible is nccdcd to heat thc passcngcr an
compartment. At the same time, the heating-up time of the
engine is to be reduced aml umlercoohn ~ of the engine when
stationary avnided as far as possible, with modifications to
existing vehicle components heing I ept to a minimum

Furthermore, a device lor implemenung the process is to es
be created which is to be as simple and inexpensive as
possible to manufacture and use.

2
SUMMARY OF THE INVENTION

According tn the invention, the task is solved in that a
passenger compartment heat exchanger with countertlnw
characteristics is used and thc coolant mass flow through thc
engine andior passcngcr compartment heat exchanger is
reduced, at least mtermittently, towards a proportion deter-
mined by the permissible limit values of engine cooling in
order to increase the heating capacity prnvided for the
passenger compartment

As is cnmmon knowledge, the limit values of engine
coolin, and thus of thc potential reduction of thc coolant
mass flnw, arc dcfincd by thc maximum pcrmissiblc prcssure
and the maximum permissible temperature in Lhe cooling
system, Lhe amount of heat to be dissipatecl by Lhe engme,
the ambient temperature, the temperature of the coolant
upnn entering the engine and the specific heat capacity of the
conlant

In convenuonal cross-tlow passenger compartment heat-
ing systems, the cnnlant mass flow through the engine in

many operating situations is much higher than the value
ncccssary for engine cooling, often morc than tcn times
higher, regardless of thc heating capacity ncedcd in thc
passenger compartment, in order to optimise the temperature
chstribunon in the en nne, Lhe temperature of Lhe combustion
chamber walls, the coolant tlow velocity encl Lhe rate of. heat
transfer to the passenger compartment air I'his also applies
to the coolant mass tlnivs through the passenger cnmpart-
ment heat exchan cr when thc thermostat is closed when
clnving in winter.

I urthermore, the experts agree that, above a certain limit,
incrcasin thc coolant mass flow or thc heat cxchangcr
surface area is incapable of bringing about a marked
improvement in Lhe heating capacity in the passenger com-
partment. The air temperature at the passenger compartment
heat exchanger nutlet is "saturated'*

The reduction of the coolant mass tlow through Lhe engine
and/or the passenger compartment heat exchan er according
to the invention is, hnwever, thoroughly expedient as, in
adclitinn to the transfer of heat from engine to coolant,
coolant tn passcngcr compartment heat exchanger fins and
passenger compartment heat exchanger fins to passcngcr
compartment air, thc loss to thc surrouncling environment
aLso has to be taken into mtnstcteratton, which has not
previously been the case.

Some previously known passenger compartment heating
systems with cross-flow passenger compartment heat
exchangers display dillerences of less than 10 K in the
conlant temperatures at the engine inlet ancl nutlet points
The same is true at the passenger cnmpartment heat
exchanger v:hcn the cnginc is ivarm. In this conmxt, thc
tcmpcraturc diflcrencc bctwccn thc cnginc inlet and outlet
can bc far smaller still in the case of thc coolant systems with
a passenger compartment heat exchanger lying parallel to
the small coolant circuit.

This is Lhe reason for the previous opinion that a coun-
terflow passenger compartment heat exchanger bnngs
harifly any advanta es as the air temperature at the passen-
ger compartment heat exchanger outlet is virtually "satu-
ratecf'n this context, i e the air temperature is almnst as
high as the cnolant tcmperaturc. Thus, only an incrcasc of
around 5 K in thc air tcmpcraturc at thc heat cxchangcr
outlet can be expected loflowing a temperature drop of 10 K
on the coolant side when using a counterflow passenger
compartment heat exchanger instead of a cross-flow design.
This does not justify the markedly higher cnsts of the
counterflniv configuratinn in motor vehicle applications



Furthermore, unnecessarily high heat losses occur rn the
coolant ines leading from the passenger compartment heal
exchanger back to thc cnginc, in thc coolant pump and in thc
cn ine crankcase Thc crankcase, in particular, not only
dissipates heat over a large surface, but also has additional
"thermal bridges'* at the engine mount and the flange-
mounled components.

If, howcvcr, thc coolant mass flow is simultaneously
reduced by a factor of S, for example, according to the
invention, the temperature drop at the passenger compart- in
ment heal exchan er increases irom 10 K to 50 K, whrle the
air outlet temperature hardly chan es, i.e. the heating capac-
ity in thc passenger compartment is initially unchanged.
Howcvcr, thc heat losses along thc flow path from the
passenger compartment heat exchanger outlet to the engine
are drastically reduced by this Arlrlitional improvement of
the insulauon of the coolant line leading lo the passenger
compartment heal exchanger and,'or a reduction of rts cross-
scction, which is no problem if thc coolant mass flow is
reduced, resulus in a further reduction of the heat lost to the
surrounding environment. The coolant line leading back to
the engine is of secomiary importance in ibis context owin ~

to the reduced temperature level
Il is important for the process according lo lhe invention

that Ihe engine ouflel lemperalure oi. Ihe coolant increases
owing to the reduction of the heat lost to the surrounding
environment in conjunction with the unchanged waste heat
from thc combustion process and that Ihc heating capacity of
the passcngcr compartment heat cxchangcr is also substan-
tiafly mcreased as a result, as this is approximately directly
proportional lo Lhe coolanL inlel lemperalure—regardless of
the coolant mass flow—as long as systems where the
passenger compartment air is '*saturated** on the temperature
side are heing considered A temperature increase m the
re ion of thc cylinder head and in thc coolant linc leading to
the passcngcr compartment heat exchanger is far morc than
compensatetl ior by Ihe reduction of the losses. Ulumately,
the temperature drop at the passenger compartment heal
exchanger Ls not increased irom 10 to 50 K, but from 10 to
fiifl K, for example, by reducmg the coolant flow rate by a
factor of S. an

Negative effects of the process accorrling to the invention
on the combustion process or the poflutant emission of the
engine are not to be expected On the contrary, the coolant
tcmpcraturc in thc immcrliatc vicinity of thc combustion
chamber walls is higher than in Ihc original confi uration.

Thc process according to thc invention not only achicvcs
an incrcasc in thc maximum heating capacity under
cxtrcmcly cold conditions in winter, but also a reduction in
the heatmg-up time of the engine in many Llnvmg situauons

n
involving passenger compartment healing.

However, it is not always expedient to concentrate as
much heaung capacuy as possible on lhe passenger com-
partment. In the evenL of a low heaung capacity requirement,
the reduction of the coolant mass flow accordmg to the
invention can cause an excessively high coolant outlet
tcmpcraturc from thc cnginc, which can result in lhc fol-
lowing advcrsc cifi:cts

Iocalised overheating within the engine, vapour lock,
Hxcessive heat losses to the surrounding environment due

to a high coolant temperature in the entire coolant
circuit,

Drastic increase in the heat lost to the surrounding envi-
ronment due to opemng the thermostat for the large
coolant circuit, 65

Unnecessary increase of the pumping capacity of the
coolant pump.

In such operating conthuons, u is expedient to completely,
or at least partly, override the reduction of the coolant mass
flow.

Various control strate ies are conceivable for defining or
llctccting thc point from which concentration of thc wasrc
heat on the passcngcr compartment is no longer cxpedicnt.
In winter, lor example, lhe opuon "maximum heaung capac-
itv'an be sel via a valve in the coolant circuit by means of
a manually operated sivitch. I loivever, the coolant mass tlow
can also be automatically defined by switching or control
valves which are activated when a certain ambient tempera-
ture is excecdcd, for cxamplc Furthcrmorc, thc load status
of thc engine can be dctcctcd by means of circuits and thc
reduction ol lhe coolant mass flow overridden if a limit load
or hmil rpm speed is exceeded, for example ii -'f. the
nominal rpm speed or -'f the nominal torque is exceeded
This measure is expediently used parallel to the detection of
the heating requirement, for example via the coolant tem-
perature or ambient tcmpcraturc. As thc mcasurcd and
control varialilcs mcntioncd arc dctcctcd for controfling thc
engine anyway, these could be integrated into lhe engine
management system.

A further control strategy is, for example, detection of the
dtflerence in coolant temperature between the engine outlet
and inlet points Hy detecting this vanaiile, excessive
mechanical stress caused by tcmpcraturc gradients in thc
engine block can be avoided, for cxamplc. Deactivation
above a specified temperature diilerence can also indirectly
prevent excessive temperatures in the engine.

Overheating of the engine or opening of the thermostat for
the large coolant circuit can be avoided by measuring the
coolant temperature at the engine outlet or the vapour
prcssure in thc coolant, or by dctccting thc prcssure pulsa-
tion in thc small cooling circuit. In thc most simple
configuration, the reducuon of lhe coolant mass flow is lo be
overmdden as soon as the measured vanables menuoned
exceed a limit value. However, more sensiuve applications
involving regulation of the coolant mass flow are also
conceivable

In order to achieve high incrcascs in thc healing capacity,
it is expedient to rcducc the coolant mass flow as much as
possible. In extreme cases, the outlet temperature of the
coolant lrom the counterflow passenger compartment heat
exchanger can then be in the region of Ihe ambient
temperature, thus achieving minimum heat loss to the sur-
rounding environment To this end, it is expedient to regulate
the coolant mass flow as a function of thc coolant Icmpcra-
turc at thc heat cxchangcr outlet or of thc diflercncc rclativc
to the ambient temperature. The ultimate magnitude of. this
temperature dilference relative to the ambient temperature or
of Ihe absoluie, temperature level depends on whether an
adriitional control unit is available to monitor the engine for
locaiised overheatin This may be dispensed ivith unrler
certain circumstances if a certain safety margin is obscrvcd,
meaning that thc corresponding costs can bc saved.

In addiuon to the thermal stress, lhe necessary oil tem-
perature must also be taken into consitierauon when reduc-
ing the coolant temperature al the engine inlet. This is
important for energetic reasons, as well as for avoiding
increased wear 'I'herefore, it may be arlvantageous to use
part of thc increase coolant tcmpcraturc at thc engine outlet
spccificafly to heat thc cnginc oil An oil heat exchanger in
the vicinity of. the coolant ouflet is expedient to Ihts end.

As a complete energy balance of the motor vehicle shows,
the reduction of the coolant mass flow through the engine
anti the passenger compartment heat exchanger according to
the invention in conjunction with a countertlow passenger



compartment heal exchanger is a highly efi'ective measure
for increasing the heatmg capacity in the passenger
compartmentMiy way of reducing the heat lost to the
surrounding environment althnugh a reduction of the cool-
ant mass flow though thc cnginc alone also cnablcs a markcrl
improvcmcnt in thc passcngcr compartment heating capac-
ity while reducing the heat lost lo the surroumhng
environment, as the coolanL lemperalure is increased lo a

higher value in this way. 'I'his results in a virtually linear
increase in the passenger compartment heating capacity used
for the motor vehicle A potential increase in the heat lost to
the surrounding cnvironmcnt by thc fccd linc to thc passen-
ger compartment heat exchanger is compcnsatcd for by the
greater amount of heat extracted from Ihe coolant, cmiseri by
both the increase in the feed lemperauire and the counter- is
floiv arrangement, the reduction of the rliameter of the feed
line enabling a further reduction of the heat losses

As already described, the air temperature at the outlet of
the passcngcr compartment heat cxchan cr is at a hi hcr
lcvcl in thc process according Io thc invention, this bein zo

equivalent lo an increase in the heanng capacity of the
passenger compartment heat exchanger.

llowever, comfort in the passenger compartment is not
determined by the heatmg capacity nf the passenger com-
partment heat exchanger, but substantiafly by the tempera-
ture and atmospheric humirlily in thc passcngcr compart-
ment. Arouml 20'o 30', can bc rc ardcrl as thc target
temperature for the air in Lhe passenger compartment al
winter temperatures, which means thai Ihe entire air mass
floiv leaves the passenger compartment at this temperature
in vehicles without circulating air. At an ambient tempera-
ture of —20'. and an air temperature of +SO' at the outlet
of thc passcngcr compartment heat cxchangcr, a ivasteair
tcmpcraturc of +25'. signihcs a heat utilisation rate of
35.7% in lhe passenger compartment. 33

If. Ihe air mass flow remains unchan etl, the increase of
the air temperature al Lhe passen er compartment heal
exchanger outlet from Sfl' to (ifl', enabled with
certainty by the reduction of heat losses accorrling to the
invention, not only significs a 14.3% incrcasc in the hcatin ao

capacity of thc passcngcr compartment heat cxchan cr, but
the corresponding reducuon of the fresh-air mass flow aLso

opens up Ihe potential ior improvin ~ Ihe heal ulilisation rate
in lhe passenger compartmenl to 13.5%. Despite a hi her
passenger compartment heating capacity and given a corre-
sponding reduction of the fresh-air mass flow, less heat is
thus still cxtractcrl from thc engine cooling circuit than in
today's conventional coolant-heated passenger compart-
ments. Vta a correspomhng increase in the return tempera-
ture of lhe coolant to Ihe engine, these savings m turn ailecl o

the engine outlet temperature, this in turn alfectin ~ the
efliciency of the passenger compartment heat exchanger, etc

The latitude for such measures is limited by the maximum
permissibk coolant tcmpcraturc and thc ncccssary minimum
air flow through thc passenger compartment. In morlcrn 3

motor vehicles, the latter is pnmanly governed by the speed
and outlet impetus of Ihe air al lhe nozzles needed in order
to protect the windows against misung, the mass flow
needed in order to remove the atmospheric humidity pro-
duced by the passengers and the air mass flow needed m
order to extract sufflcicnt heat from thc coolant for the
passenger compartment. Furthermore, noise problems anrl
the air flow perceived as a "draught" al excessive speeds aLso

determine the mass tlow.
Talung these boundary conihuons into consitlerahon, the as

potential reduction of the fresh-air mass flow in conjunction
with the reduction of the cnolant mass flow through the

engine aml lhe counterflow heal exchanger according lo the
invention is primarily limiterl by the danger of winrlscreen
misting. 'I'he eflect of the lower air velocity and lnwer air
mass flow is, however, largely compensated fnr by the high
tcmpcraturcs of thc air at thc nozzle outlet of thc windscrccn
rlcfrostcr, in particular. In systems with circulatin air, thc
outlet velocity of the air can also be adjusted in order to
avoid winriscreen misting.

I'aking into account the ranges for the temperature and
humirlity of the ambient air to be expected in practical
dnving, as well as the share of atmosphenc humirlity pni-
rluccd by thc vchiclc passcngcrs, it can bc shown that thc
critical conditions "cxccssivc humirlity of thc passcngcr
compartment air" and "insuflicienl temperature of Ihe pas-
senger compartment air*'o not normally occur
simultaneously, at least if the engine is warm.

At extremely low temperatures, where some known
vehicles already have heatmg problems, the humidity of the
ambient air is so low that, once it has been heated to a
tcmpcraturc of +25', in thc passcngcr compartment, thc
glazing need nol be expected to mist, even if the fresh- ur
mass flow is reduced. Conversely, the danger of misting may
be considerably higher at ambient temperatures arnundi0'.'.,but the available heating capacity is generally suflicient
to ensure a pleasant passenger compartment temperature
without any special mcasurcs being taken. In order to fulfil
cxtrcnic heat rcquircments in thc passcngcr compartment at
low ambient temperatures, it is thus expedient lo reduce the
trash-air flow through lhe passenger compartment heat
exchanger Apart from manual controls, automatic actuators
which reduce the fresh-air flow below a certain ambient
temperature or humidity of the ambient air are particularly
suitable for this purpose. Of course, thc rclalivc atmospheric
humidity in the passcngcr compartment can also bc used as
a signal for the reduction of the fresh-air throu hpul.

Further advantageous conligurauons of Ihe process
according to Ihe invention are described in Ihe sub-claims.
In motor vehicles ivith electric motors as drives, for
example, part of the heating capacity can be generated by
controlling thc clcctric drive energy.

Motor vchiclcs often display arlditional hcatin systems
fiir additional heatm ~ of the passenger compartment. In such
cases, the addiuonal heat is to be pnmanly concentrated on
the passenger compartment, this being done as eificiently
anti inexpensively as possible, i e. with a minimum of
adriitinnal heating energy from sources nnt serving to propel
the vehicle, whcrc thc heating-up time of thc cnginc is to bc
reduced if possible and as fciv modifications as possible
mrule lo the existing vehicle components.

Particularly effective use of the heating capacity of the
additional heat source is possible by integraung the adth-
tional heat source into the process accorrling to the
invention, as ivell as taking the preferred configurations into
consideration.

In hitherto known passenger compartment heating sys-
tems will cross-flow heal exchangers, the passenger com-
parlmenl heanng capacity is reduced to a greater or lesser
iiegree when ihe coolant mass tlow is reduced-il the adth-
tional heating is not switched on I'his reductinn initially
results in a slight, then an excessive drop in the outlet
tcmpcraturc from thc passcngcr compartment heat
exchanger, ivhilc thc cnginc outlet tcmpcraturc of thc cool-
ant rises in return, thus parually compensating ior the
iiecrease in Ihe, passenger compartment heaung capacity.
The heat lost to the surrounding environment increases
greatly as a result of the elevated engine temperature,
meaning that a relatively high coolant flow through the



passenger compartment heat exchanger is needed in order to
ensure eflicient passenger cnmpartment beating of the type
knoivn to date. 'I'he input of arlrlitional heat via an additional
heat source between the engine outlet and the passenger
compartment heat cxchangcr thus results in only a sli ht
incrcasc in thc coolant tcmpcraturc and thc cflcciive hcatin
capacity in the passenger compartment in such a coolant
system with a high coolant throughput. A nouce able mere axe
in the passenger compartment heating capacity is ultimately
only produced by the gradual increase in the engine
temperature, ivhich is extremely inefflcient owing to the high
amount of heat lost to thc surrounding environment. In some
cases, for cxamplc, only 50~m of thc additional capacity
input by the addiuonal heating reaches the passenger com-
partment via the heating heat exchan er. is

If the waste heat from the combustinn engine is less than
the heat fed in via the additional heating, the expediency of
the reduction of the coolant mass flow accordmg to the
invention bccomcs obvious, if, for example, the engine
waste heat is I kW and thc coolant mass flow throu h thc zo

passenger compartment heat exchanger ts reduced rn such a

manner that the boiling point of ihe coolant rs virtually
reached after 4 kW additional heating capacity are mput, the
coolant outlet temperature from the passenger compartment
heat exchanger is very low in the process accorrling to the
invention, with virtually all of the additional heat anil the
necessary cnginc cooling capacity of I kW bein use(1 for
the passenger compartment Thw situanon exists in electnc
vehicles, in parucular, in which the waste heat from the
poiver control system may possibly also be used in addition
to the ivaste heat of the motnr by means of the process
accordin to the invention

When using thc process according to thc invention, it is
thus ncccssary to incrcasc thc coolant mmpcraturc available
ai the passenger compartment heat exchanger by a certain zs
amount by means of the addiuonal heanng if the coolant
mass flow w reduced—assuming that the basic level of the
engine inlet and outlet temperatures is reduced. In compari-
son ivith hitherto known processes, this necessitates only a
modcratc increase in thc coolant tcmpcraturc at thc inlet to ao

the passcngcr compartment heat exchanger. Accordingly, in
companson with hitherto known processes, a lower coolant
temperature at the engine outlet is necessary in orrler to
mamtain a spec:iliad heaung capacity in the passenger com-
partment heat exchanger I'he ratio nf the heat lost to the
surrounding environment via the surface of the engine and
the coolant lines to thc non-incrcascd heating capacity at the
passenger compartment heat cxchangcr can thus bc drasti-
cally reduced in comparison with a conliguration without
addiuonal heating Despite an unchan ed passenger corn- o

partment heating capacity, the capacuy of. the additional
heating can thus ultimately be throttled.

Hven in engines with a bypass in the coolant circuit, the
reduction of thc coolant flow through thc adrliiional hcatin
and thc passcngcr compartment heat cxchan cr according to s
the invention causes a signilicant improvement. However, as
mixin ~ of the coolant flow transported through the bypass
line anil the coolant tlow from the passenger compartment
heat exchanger branch prnduces an elevated mixing tem-
perature at the engine inlet, the arlvantages compared with
conventional proccsscs arc somewhat smaller in this case

As already dcscribcd, thc process according to ihc inven-
tion is based on a signilicant reducuon of the heat lost to the
surrounding environment. If the coolant line leailmg from
the engine to the passen er compartment heat exchanger aml es
that leading from the passenger compartment heat exchanger
outlet to the engine are adrlitionally insulated and/or their

cross-section ts reduced, which is not usually a problem if
the coolant floiv is reduced, this results in a further reduction
of the heat lost to the surrounding environment.

I'he reduction of the coolant flow through the arlrlitional
heating and passcngcr compartment heat cxchangcr or
through thc engine according to thc invention, which, as
already mennoned, can be controlled via valves or realised
through the structural design of the line cross-sections, thus
represents a highly eflective measure for increasing the
heating capacity in the passenger compartment by reducing
the heat lost to the surroundmg environment In this context,
when usin actuators (valves or switchablc throttlcs), thc
heating capacity of thc additional heating is conccntratcd on
the passenger compartment if required, ultimately resulting
in an increase m the temperature of the Iresh air conveyed
into the interior of the vehicle.

(:ontigurations are knoivn for heat exchangers for heating
the passenger compartments of motor vehicles with the
waste heat of the drive engine via a cooling medium, whcrc
the heat of thc cooling medium is cxchangcd with thc
passenger compartment air via a passenger compartment
heat exchanger in order to heat the passenger compartment.

Ilowever, particularly according to the above, there is a
need for eflicient and low-cost heating of the passenger
compartment air while reducing the heat lost to the sur-
rounding environment, as well as for a reduced installation
volume and wcignht. In particular, such a heat cxchangcr
configuration should necessitate as few modilicauons as
posiuble to the existmg vehicle components aml, if
necessary, be easy to exchange for cnnventinnal heat
exchanger configurations or easily manufacturerl using their
components.

Such a heat cxchangcr is charactcriscd by thc fcaturcs of
claim 39, thc following subclaims rlcscribing advantageous
configurations. The heat exchan er conligurauon according
to the invention can be used parhcularly advantageously in
contunction with the process claimed according to the
invention, as well as with the device for implementing the
prncess.

Thc drastic reduction of thc coolant mass flow throu h thc
passenger compartmi,nt heat cxchangcr pursuant to thc
priicess according to the invention thus permits considerably
smaller flow cross-sechons of the heat exchanger pipes, as
well as smaller cross-sections ol. the coolant hnes upstream
and downstream of the passenger cnmpartment heat
exchanger, the pressure of the coolant pump remaining
unchanged and with a corrcsponrling rlcsign of the cooling
fins provided on thc heat cxchangcr pipes. At thc same time,
the heat exchanger conliguranon according to the invention
ihsplays considerably better heat transler owing to us coun-
terflow characteristics, meaning that the number of heat
exchanger tins can be reduced In general, the mass of the
heat exchanger and the mass of the coolant lines can thus be
reduced, owing to a reduced circumfcrcncc and lower wall
thickness, as can thc mass of thc coolant. The rcsponsc
behaviour ol the passenger compartment heaun ~ can be
improved as a result. Furthermore, the reducnon ol'he heat
lost from the hose hnes to the surroumling environment
resulting from the passenger compartment heating system
according to the invention, which can be improved even
further by suitable integration into thc cooling circuit of thc
engine, is of significance. This rcrluction rclatcs to both thc
reduced surface area of the hose hnes aml, in parucular, the
reduced temperature of the coolant lines leading from the
passenger compartment heat exchanger bacl to the engme.
The heat lost at the coolant pump and the crankcase of the
engine can be especially reduced by increasing the pressure



of the coolant feed pump and the pressure loss at the
passenger compartment heat exchanger

The coolant tlow through the passenger compartment heat
exchanger is advantageously rerluced by aniund 50'yn and
morc in comparison with torlay's conventional values, the
coolant throughput particularly being lower than I I/min pcr
kW heating capacity transferred to the passenger compart-
ment air when using today's conventional water,'glycol
mixture at a low engme speerl anil an ambient temperature
of —20''. The inside diameter of the cnolant line connected
to the passenger compartment heat exchanger is advanta-
geously less than ll mm in passcngcr cars.

According to thc invention, a dcvicc for implcmcnhn the
process w charactewsed in that at least 3 cross-fiow heat
exchangers connected in senes are used as the counterfiow
heat exchanger configuration, the passenger compartment
air being heated in at least 3 stages anil the coolant being
cooled via these 3 stages.

BRIEF DESCRIPTION OF THE DRAWINGS

An example of the invention is descnbed below arul
illustrated on the basis of the ligures. The ligures show the
following

FIG. 1 A schematic rcprcscntation of a dcvicc accorrlin
to thc invention with countcrfiow heat cxchangcr anil air-
side conn ol,

I'IG 2 A schematic representatinn of a device according
to the invention ivith counterflow heat exchanger and cool-
antside control,

FIG. 3 A schemauc representation of a device accorihn ~

to the invention with otunterfiow heat exchanger and water-
side bypass,

FIG. 4 A schematic rcprcscntation of a further conhgu-
ration of thc dcvicc accorrling to thc invention with coun-
terfiow heat exchanger,

I'IG 5 A schematic representatinn of a device according
to the invention with a bypass which can be closed via a
throttle,

FIG. 6 A schemauc representation of a device accorihn ~

to the invention with counterfiow heat exchanger and addi-
tional heatin,

FIG. 7 A further configuration with additional heating,
FIG. 8 A schematic representation ol a heat exchanger

based on the counterfiow pnnciple ffiaj and a convennonal
heat exchanger based on the cross-fiow principle (88)h

FIG. 9 A further configuration of a heat cxchangcr bascrl
on thc counterfiow principle,

FIG. 10 A schematic representation of a heat exchanger
configuration with counterflnw heat exchanger.

DLig('RIP'11ON Ol'HL PRLI'ERRL'D
L'M 00 D I M LN'IS

In the conligurauon with air-side control of the passenger
compartment temperature shown in FIG. I, the lrqui&l cool-
ant is transporterl from engine I via feed line 2 to passenger
compartment heat exchanger 3 and then via return line 4,
thermostat 5 and coolant pump 5 hack to cnginc 1. In this
context, it must bc noted that thermostat 5 largely closes the
large cooling circuit indicated by lines 7 and 8 as long as
no excess waste heat is available.

The heat transferred to the passenger compartment is
controlled by ad)usung the fresh-air mass fiow transported
from line 10 through line 11 via passenger compartment heat
exchanger 3 anil line 13 into the passenger compartment

10
with the help of. blower 9. In this context, the temperature of
the air transported via numerous noxzles into the passenger
compartment is a mixed temperature nf the air masses
distributed to lines 11 and 12 via control valve 14 ln some
applications, thc control valve is also positioned down-
stream of the passcngcr compartment heat cxchan cr.

In an advanced development of the heating circuit accord-
ing tn the invention, passenger compartment heat exchanger
3 is designed as a countertlow heat exchanger with switch-
ablc throttle 18, thc throttle being activated by means of
manual or automatic switches or controls. To this cnd, sensor
17 can be used in connection with electronics 16, for
example. It ts now important that the coolant fiow is not
throttled with the help of throttle 18 with the aim of reducing
the heating capacity in the passenger compartment, but that
throttling is used to increase the efi'ective heating, capacity in
the passenger compartment In other worrls: "Throttle open"
means rcduccd heating capacity in the passcngcr
compartment, but a warmer engine block, *'Throttle acti-
vated'eans mcreased heating capacity in the passenger
compartment, but a cooler engine block, although the area of
the combustion chamber ivalls still remains warm in both
throttle pnsitions.

In thc event of reduced heating capacity rcquircmcnts, thc
precision control must ensure that thermostat 5 lor ihe large
coolant circuit is not opened by an excessive increase in the
coolant temperature in this context The control system in a

particularly expedient form of the process according to the
invention therefore reduces the throtthng of the coolant

ic
throughput if a prcciscly defined upper limit of thc coolant
tcmpcraturc is rcachcd.

In cases where only the heaung capacity delict( in the
passenger compartment under extreme climauc comhuons is
to be remedied aiul where ii is otherwise unnecessary to use
the available waste heat as efficiently as possible, the swit-
chability of throttle 18 can be dispensed with anil a fixed
throttle installed. In this context, thc dimensions of thc
coolant-side flow cross-sections of passcngcr compartment

p
hca t cxchanger 3 can a Iso assumc thc thro tt Ic fu nc tion . In
this application without a switchable throule, thermostat 5 of
the large cooling circuit must be open, if the coolant energy
is not to be dissipated from passenger compartment heat
exchanger 3. In contrast to the optimum version with swit-
chablc throttle dcscribcd above, this means that thc waste
heat can not bc optionally conccntratcd on thc passcngcr
compartment or engine I and can only bc directly trans-
ferred to the surrounding environment in a small number of
exceptional situations. However, it may be advantageous to

n
dispense with the benefits of keeping the engine block as
warm as possible for cost reasons

Depending on the design of thermostat 5, it may be
ncccssary to move this from thc position illustrated in FIG.
1, and locate it at thc coolant outkt of thc cnginc. It is then
ensurecl that the engine does not overheat, particularly in the
event ol extreme redu cion of the coolant mass fiow through
the passenger compartment heat exchanger, even without an
adriitinnal temperature sensor

Instead of using throttle 18, the speed of the coolant pump
„o can also be varied in order to adjust thc coolant mass flow

through the passcngcr compartment heat exchanger.
Altcrnativcly, an clcctric pump can also bc used, in which
the coolant mass fiow is adtusted by acnvation and
ileacnvation, as well as pole reversal or closed-loop control,
tor example

I IG 2 shows a corresponrhng circuit with coolant-side
control. Ilere, control valve 14 opens water-side bypass 15



in order Lo is, reduce the amount of heat transferred to the
passenger compartment

In the coolant mrcuit shown in I'l(i 3, a water-side liypass
15 is provided within the small cnnling circuit in addition to
the circuit iflustratcrl in FIG. 1, meaning that only part of the
coolant transported in thc small cooling circuit flows via the
passenger compartment heat exchanger. This is pnmanly
used for temperature-sensitive engines in order to achieve as
homogeneous a temperature distribuuon as possible in the
engine block and cylinder beati lc

The circuit shown m I'IG 4 is primarily used in
temperature-sensitive engines with a corresponding design
of thc engine-side coolant rlucts. In order to rcducc the
heating capacity, thc coolant flow through thc passen cr
compartment heat exchanger is reduced and even com-
pletely blocked in extreme cases.

In Lhe practical examples shown in FIGS. 1 to 4, thermo-
stat 5 can also be located at the forl nf the large cooling
circuit (line S) at the engine outlet

ZO
In this context, it must be mentionerl that throttle IS m

FIGS. I and 2 can bc intcgratcd in control valve 14 by means
of a suitable design.

Anothi,r version (FIG. 5) only rcduccs thc coolam flow
through the engine by parually or completely closrng bypass
15 via throttle 1S. If the dimensions of passenger compart-
ment heat exchanger 3 are suitable, the coolant mass flow
through engine I is reduced in this context, while the coolant
mass tlow through passenger compartment heat exchanger 3
incrcascs. Thc coolant tcmpcraturc at thc cn inc outlet thus
rises, as docs thc heat lost by fccd linc 2 to thc surrounrlin
environment, however Furthermore, the coolant outlet tem-
perature from passenger compartment heat exchanger 3 is
elevated compared to the optimum version, meaning addi-
tional heat is lost via return line 4 and the engine block ss
lloivever, if the coolant flow through passenger compart-
ment heat exchanger 3 is sct a priori to a considerably lower
value than for torlay's conventional sysmms with cross-flow
passenger compartment heat exchangers by means of a

corresponihng pressure loss, lor example, the coolant Lem- ap
perature at the passenger compartment heat exchanger outlet
remains at a reduced level, even after increasing the flow by
closing valve IS In conjunction with the impmved heat
utilisation rate in thc passcngcr compartment resulting from
the incrcasc in air tcmPcraturc at Lhc Passcngcr comPartmcnt as
heat exchanger outlet, this still leads to a signilicant rncrease
in the eilecuve heaung capacity in the passenger compart-
ment.

(ionversely, it is sometimes alan more favourable not to
position throttle IS in bypass 15, as shown in I'l(i 5, but to sc
locate it directly in thc linc leading through passen cr
compartment heat cxchangcr 3, ix. doivnstrcam of control
throttle 14, cspccially in cn inca in which bypass 15 is
arranged very close to or even inside the engine. This results
in an unchanged, uniform temperature distribution wnhin
engine I, which is particularly advantageous for engines
sultject to high loads, while simultaneously reducing the
heat lost to thc surrounding cnvironmcnt. As already
described, this applies to thc coolant lines, as ivcfl as Lo the
advantages as rcgarrls thc tcmpcraturc Icvcl of thc air ac
transported mto the passenger compartment. In this version,
the switch to non-adlustable throttlm, parucularly through
the passenger compartment heat exchanger and the coolant
lines, is extremely simple. 'I'his is of particular advantage for
applications with arlditional heating 19. as

The sivitchable throttle will probably often be able to be
replaced by a self-regulating, throttle which generates a
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greater relauve drop in pressure in the event of a low coolant
mass flow, i e. also at loiv engme speeds than at high speeds,
such as a spring-loaded non-return valve, preferably with a
degressive spring characteristic

FIG. 6 shows a dcvicc for heating a passcngcr compart-
ment with additional heating 19, using thc waste heat from
engine 1. The coolant is transported from engine 1 via feed
line 2 into additional heaung 19 to passenger compartment
heat exchanger 3 and then via return line 4, thermostat 5 and
coolant pump 6 hack to engme I Additional heating 19 can,
for example, consist of a unit run on Itqutd fuel, an electric
heating coil or a heat accumulator in this context.

Thc heat transfcrrcd to thc passcngcr compartment is
controlled by activation and rlcactivation of additional heat-
ing 19, as well as by adjusung the air mass transported from
line 10 through hne 11 via passenger compartment heat
exchanger 3 and line 13 mto the passenger compartment
with the help of blower 9 In addition to the reduction or
deactivation of the heat supply via additional heating 19, the
coolant floiv through passcngcr compartment heat
exchanger 3 can be largely rcduccrl or complctcly blockcrl in
order to reduce the heating capacity. The reducnon of the ur
mass flow or Lhe modilicauon of the coolant mass flow
through passenger compartment heat exchanger 3 is also
used to adjust the poiver output in the passenger compart-
ment in systems ivith onioff control of arlrhtional heating 19

Thc simultaneous rcrluction of thc coolant flow though
additional heating 19 and passcngcr compartment heat
exchanger 3 to incrcasc thc heating capacity in thc passcngcr
compartment when engine 1 is at operaung temperature and
additional heanng 19 is switched on would be inelfecuve
without the changes according to the invention, particularly
in systems in which additional heating 19 only supplies a
rclativcly small proportion of thc heating capacity, as thc air
outlet temperature could only bc slightly incrcascd, cvcn at
full additional heating capacity, oiving to thc conventionally
used cross-flow passenger compartment heat exchangers.

It goes without saying that addiuonal heating 19 can also
be used in the other devices according to the invention
pursuant to I'I(iS I to 4.

A cnunterflow heat exchanger configuration as shown in
I'IG Sn is particularly suitable for integratinn in motor
vchiclcs for gcomctrical reasons anti owing to thc spccific
advantages as rcgarrls installation. This conhguration can bc
achieved bv modifying a conventional passenger compart-
ment heat exchanger of cross-flow design as shown in FIG.
Sb for high heat transfer rates by increasing the number iif
partitions 7 within radiator tanks 20 anil 21 from one
partition to three.

If water inlet 2 and outlet 4 from thc coolant systems arc
correctly conncctcd, a certain counter-flow cflcct can
already l&c achieved with conventional cross-flow heat
exchangers, especially the dual-tlow routing of heat
exchanger pipes ZZ which transport coolant aml connect the
twn radiator tanks 20 and 21, these pipes transferring the
heat via cooling hns 23 to the air fed into the passenger
compartment, although this shows that thc system has bccn
optimiscd to achieve thc highest possible coolant flow. Thc
confi uration pursuant to FIG. Sa can bc achieved by simple
modification of the housing by increasing the number of
paruuons 24 provided within radiator tanks 20 and 21 from
one partition to three.

This inevitably resul(s in a reducuon of the coolant mass
flow through passenger compartment heat exchanger 3
owing tn an increase in the pressure loss, as a result of
dnubling the flow length, and due to increased turbulence
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losses at lhe inlet ami outlet of lhe coolant flow into the
individual heat exchanger pipes 22 nwing to an increased
coolant flow velomty

Depending on thc design of thc smail cooling circuit, with
or without a coolant bypass 15 close io the engine aml
parallel lo passenger compartment heat exchan er 3, the
delivery pressure of coolant pump 6 is more or less greatly
increased when the passenger cnmpartment heat exchanger
3 according to I'IG Sa is use&I 'I'he coolant line cross-
scctions or heat cxchangcr pipe cross-sections may have to
be adjusted in or&ter to prcciscly adapt thc coolant flow to a
greatly reduced level in comparison with the values for
conventional cross-flow heal exchangers. If the en one cool-
ing circuit displays a small cooling circuit with a coolant
bypass close to the engine and parallel to the passenger
compartment heat exchanger circuit, the passenger compart-
ment heat exchanger can bc used without taking the cross-
scnsitivitics as regards cnginc cooling into consideration, as
the extreme condiuon of a completely blocl ed coolant flow
throu h the passenger compartment heat exchanger is
already laken into account in convenuonal conliguranons.
When defining the coolant throughput according to the
invention, it only has to be ensured that the coolant tlow
through thc passcngcr compartment heat cxchan cr in the
re ion of low cnginc loads and pump spccds is exactly hi h --'noughthat suflicient thermal energy is transported to the
passenger compartment heat exchanger and that the air
temperature is simultaneously not too '*saturate&i'.

The original diameters of coolant feed and return lines 2
and 6 arc obviously too large, if thc coolant throughput is
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greatly rcduccd. Thc linc cross-sections at thc passcngcr
compartment heat exchanger and at the coolant hoses, as
well as the thickness of the hose walls, can thus be reduce&i.
lrurthermore, the dimens&ons of heat exchanger pipes 22 and
of the heat exchanger hns can be reduce&I in comparison with 35

conventional arrangements
The conliguralion shown in FIG. 0 illustrates a heal

exchanger in which the cross-flow heat exchangers are
connected in senex via heai exchanger pipes 22 with paralkl
floiv in conjunction iv&th semicircular flow diverters 25,
meaning that the passenger compartment air is heated in four
stages and thc coolant cooled via thcsc four stages in this
manner. This particularly results in a reduction of the
pressure loss on the coolant side, as the flow losses at the
inlet aml outlet of heat exchanger pipes 22 are lower This is
of parucu far sigmlicance in the heat exchanger accordrng to
the invention, as this displays a relatively high coolant tlow
velocity in the heat exchanger pipes, depending on the
application, meaning that high impetus and thus pressure,
losses result, particularly at points of discontinuity and at the
flov, outlets of. the individual heal exchanger pipes Z2 in a

heal exchanger according lo FIG. Sa.

I'urthermore, the surface of radiator tank 20 m contact
with the coolant, or the volume fille&I with coolant &n the
configurat ion accorrling to FIG. Sa, is considerably rcduccd.
Radiator tank 21 according to FIGS. 8a, b, is complctcly
dispensed with and is replaced by housing 26 which is
pnmamly in contact with air. The special design of rmiiator
tank 20 and housing 26 results in a further reduction of the
thermally active mass The flow through housing 26 can be
prevented by a special panel 27 with a corresponding
bending radius of heat cxchangcr pipes 22.

A heat exchanger according to the invention can be
manufactured by providing all parallel heat exchanger pipes as
22 with the necessary fins 23 in an initial step, before
bending the semicircular flow diverters 25, and then mstall-
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ing radiator tanl s 20 and Zf. This ensures that no heat is
conducted against the direction of tlow within lins 23

I urthermore, the coolant feed and return lines on radiator
tanks 20 and 21 display a nozzle or d&ffuser-like znne within
the radiator tank, or outside it as an option, to improve thc
flow behaviour, meaning that coolant-side prcssurcs losses
in the passenger compartment heat exchanger are reduced.
Like the design of heal exchanger pipes 22, as shown m FIG.
0, ibis is also of crucial importance for the present invention,
particularly in connection with the reduction of the tlow
cross-sections of the coolant lines, as well as ivith an
increase of thc flow velocity in thc coolant lines in order to
minimisc thc heat lost to thc surrounding environment and
the thermally active mass.

FIG. 10 shows a passenger compartment heat exchanger
in which coolant inlet Z and coolant outlet 6 are posiuoned
laterally and in which the cross-sections of the lines in
rariiatnr tank 20 are widened I'he cross-sections of the lines
can also be widened outside radiator tank 20

As illustrated in section A A, the conlant fed into
rariiatnr tank 20 is decelerated by diffuser 28 with virtually
nn separation, meaning that the dynamic pressure of the
coolant floiving in a considerably smalkr hose in compari-
son with FIG. Sa and at a higher flow velocity can bc at least
parually recovered. Owing to the low flow velocity, nol only
are the discharge losses from coolant tlow line 2 relatively
low, but the flow losses during distribution tn the individual
heat exchanger pipes 22 are also low

Return hne 6, which collects lhe coolant and accelerates
the tlow to a relatively high velocity within the hose line
again, displays similar advantages as regarrls the coolant
flow flowing out of radiator tank 20.

I)epending on the space required anti the opening angle of
the nozzle or ditfuser 28, feed line 2 and retuni line 6 can be
perforated in order to avoid flow separation.

In general, the tioiv coefficient of a cross-floiv passenger
compartment heat exchanger with dual-flow coolant routing
of conventional design can virtually bc achicvcd using thc
passenger compartment heat exchanger according to thc
invention. The passenger compartment heat exchanger
according lo lhe mvention can be further improve&1 by
adriitinnally designin the transitions to the comparatively
thick coniant outlet and return lme cross-sections on the
engine as nozzles or diffusers. 'I'his saving of pressure losses
can ultimately also bc use&I to rcalisc a further reduction of
the linc cross-sections.

Virtually the same effec as ivith a conventinnal counter-
flow heat cxchangcr can be achicvcd by means of connect-
ing a larger number of cross-flow heat cxchangcrs in scrics.

As all four heat cxchangcr pipes 22 of thc passcngcr
compartment heat cxchangcr 3 shown in FIGS. 8a, b arc
conncctcd via common heat cxchangcr fins 23, a certain
proportion ol the heat is transported against the direcuon of
air flow by heat conduction in the Iin. It is therefore
experlient to interrupt heat exchanger fins 23 at least lncally,
or to locally reduce the wall thickness of these hns In this
context, it may bc advantageous for manufacturing reasons
to limit this to local interruptions or local reduction of thc
wall thickness in contrast to interruptions over thc cntirc
width of. the Iins.

Thc mcasurcs dcscribcd for prcvcnting heat conduction
against the &fraction of air flow are preferably to be imple-
mented in lhe centre, between the individual flows. A
potu&ave side-ellect is that these measures also increase the
turbulence of the air floiv, and thus the heat transfer. If the
demands on size are less stringent, heat cnnrluction can, of
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course, also be checked by enlarging the gapa between the
individual heat exchanger pipes.

I claim
I A process of heating a passenger compartment of a

motor vchiclc by means of waste heat given ofl'by an engine
via a fluid coolant, which is fell back to thc cnginc throu h
coolant lines via a passenger compartment heat exchanger in
or&ter lo heal the passenger compartment a passenger com-
partment counterflow heat exchanger (3); upon the tempera-
ture in the passenger compartment rlropping below a pre-
determined temperature, either reducing the mass flow of the
fluid coolant through thc engine (1) and thc passen cr
compartment counterflo heat exchanger (3) or rcducin the
mass flow of. Ihe tluid coolant throu h the passenger com-
partment counlerflow heal exchanger anil concurrently pro- is
viding additional heat at least intermittently towards a level
determined by permissible limit values of engine cooling,
and substantially simultaneously increasing the heating
capacity transferred to thc passcngcr compartment until the
predctcrmincd tcmpcraturc is reached in thc passen cr corn- zo

partment.
2. The passenger compartment heaung process as defined

in claim I wherein the fluirl cnnlant mass flow through the
engine (I) is reduced and the tluid coolant mass tlow through
the passenger compartment cnunterflow heat exchanger (3)
is rctaincd or incrcascd, and thc fluid coolant mass flow
through thc cnginc (1) is lower by at least a factor of 2 as
compared lo corresponding dnving situahons without maxi-
mum healing capacity requiremenls m Ihe passenger com-
partment io

3 The passenger compartment heating process as defined
in claim I wherein waste heat of the engine (I) is concen-
trated on thc passcngcr compartment by reducing thc fluirl
coolant mass flow in thc cvcnt of a maximum hcatin
capacity requirement and lhe reducuon of fluid coolant mass zs
flov, is discontinued in the event of a reduced hea«n ~

capacity requirement whereby a hi her proporuon of the
waste heat is used for heatmg up the engine (I)

4 The passenger compartment heating process as defined
in claim 1 wherein thc rcrluction of the fluid coolant mass ao

flow is partially or complctcly overridden as soon as ambient
temperature exceeds a certain hmit value.

5. The passenger compartment heaung process as defined
in claim 1 wherein the flu«l coolant mass flow rs only
reduced in a lower to middle range nf a charactenstic
diagram of the engine (I) and is rleactivated if a specified
nominal rpm spccd or spccificrl nominal torque of the engine
(I) ls cxcct:cieol.

6. The passenger compartment heaung process as defined
in claim 1 wherein the reducuon of the flu«l coolant mass o

flov, is partially or completely overridden as soon as the
temperature difference of the fluid coolant between an
engine outlet and an engine inlet exceeds a specified upper
limit.

7. Thc passcngcr compartment heating process as dcfincrl s
in claim 1 wherein the reducuon of the flu«l coolant mass
flov, is partially or completely overridden as soon as the
temperature of the fluiri coolanl al an outlet of the engrne (1)
exceeds a specified upper limit

5 The passenger compartment heating process as defined
in claim 1 wherein thc rcrluction of the fluid coolant mass
flow is partially or complctcly ovcrriddcn as soon as vapour
pressure or pressure pulsauon of lhe fluid coolant exceeds a

specilied upper hmit.
9. The passenger compartment heaung process as defined os

in claim I wherein the tluid coolant mass tlow is reduced by
the dimensioning of the coolant lines crnss-sections and/or
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via the geometry of the passenger comparlment counterflow
heat exchanger (3) and the fluid coolant mass flow
controflcd by opening and closing a thermostat (5) locatcrl in
a large cooling circuit of thc motor vehicle.

10. The passenger compartment heating process as
dehned in claim I ivherein the fluid coolant mass flow is
reduced until Ihe coolant temperature al an oullel Irom Ihe
passenger compartment counterflow heal exchanger (3)
rcachcs a spccificd lov cr limit.

11 The passenger compartment heating process as
dehned in claim I ivherein the fluid coolant mass flow is
reriuced until the coolant at an outlet frnm the passenger
compartment counter-flow heat exchanger (3) reaches a

specified temperature diflerence relauve to the engine outlet
tcmpcraturc.

12. Thc passcngcr compartment healing process as
dehned in claim I wherein the fresh-air flow through the
passenger compartment counterflow heat exchanger (3) is
reduced when Ihe fluid coolant mass tlow is reduced.

13. The passenger compartment healing process as
rlcfincd in claim 12 wherein fresh-air flov throu h thc
passenger compartment counterflow heal exchanger (3) is
only reduced if Ihe temperature or humidity of the ambient
air drops beloiv a certain limit value

14. The passenger compartment heating process as
dehned in claim 12 ivherein the fresh-air flow through the
passenger compartment counterflow heat exchanger (3) is
only reduced if thc tcmpcraturc of thc engine (1) or thc
temperature ol the coolant at an inlet to the passenger
compartment counterflow heat exchanger (3) exceetls a

certaui limit value
15. The passenger compartment heating process as

dehned in claim 12 ivherein the fresh-air flow through the
passenger compartment counterflow heat exchanger (3) is
only reduced if thc humidity of thc passenger compartment
air drops belov, a certain limit value.

16. The passenger compartment healing process as
tieiined in claim 1 wherein the reducuon of the fluid coolant
mass tlow can be manually rleactivated

17. The passenger compartment heating process as
rlcfincd in claim 1 whcrcin thc motor vchiclc is driven by an
clcctric motor, and at least a part of thc healing capacity for
the passenger compartment is eneraled by controlling elec-
tnc propultuon power of Ihe eleclncal motor driven vehicle.

18. The passenger compartment healing process as
dehned in claim I wherein the motor vehicle is the tluid
coolant is routed via an additional heat source (19) to heat
the passenger compartment.

19. Thc passcngcr compartment healing process as
tieiined in claim 15 wherein the waste heat of the engine (1)
and heat from an additional heat source (19) are concen-
trateti on the passenger compartment by reducing Ihe fluid
coolant mass tlow in the event of a maximum heating
capacity requirement in the passenger compartment and the
reduction of thc fluid coolant mass flow is rliscontinucd in
the event of a rcduccd heating capacity rcquircment whcrcby
a greater propornon of Ihe waste heat is used for hea«ng up
the engine (I).

2U. The passenger compartment healing process as
dehned in claim 19 ivherein the reduction nf the tlnid coolant
mass flow is partially or completely overridden as soon as
the temperature of thc fluid coolant at an outlet of the cnginc
(1) or an outlet of thc additional heat source (19) cxcccds a
specified upper hmit.

21. The passenger compartment healing process as
tieiined in claim 19 wherein the fluiri coolant mass flow is
reriuced at exactly the same time as the additional heat
source (19) transfers heat to the coolant.
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2Z. The passenger compartment heaung process as

defined in claim 18 wherein the motor vehicle is dwven by
a combustion engine, and an exhaust gas/fluid coolant heat
exchanger is used as the additinnal heat source (19).

23. A heating system comprising a passcngcr compart-
ment of a motor vehicle which is heated by utilizing the
waste heat iven off hy an engine of a motor vehicle, fluid
coolant lines connect a passenger compartment counter-flow
heal exchanger Lo a driving engine in order to heat the
passenger compartment, and means are provided for rctluc-
in thc fluid coolant mass flow through thc cnginc (1) anti or
the passenger compartment cnunterflow heat exchanger (3)
in the event of the temperature in the passenger compart-
ment dropping below a target value.

24. The heating system as delined in claim 23 wherein the
35passenger compartment counterflo heat cxchan cr (3)

includes at least thrcc cross-flow heat cxchangcr portions
connected in senes with passenger compartment air being
heated in at least three stages and the fluid coolant being
cooled via these three stages.

25. The heating system as delined in claim 24 wherein the
scrics-conncctcd cross-Ilov heat cxchangcr portions are
arran cd in a common housing (26), thc cross-flow heat
exchanger portions include pipes (22) through which the
fluid coolant tloivs and heat exchanger fins (23) in contact
with the pipes and the passenger compariment air whereby
the passenger compartment air can be heated by means of
the heat cxchangcr fins (23)

26. Thc heating system as dcfincd in claim 25 ivherein the
common heat exchanger fins (23) heat the passenger com-
partment air for all cross-flow heat exchanger portions
connected in senex.

27. The heating system as delined in claim 26 wherein the
heal exchanger Iins (23) are constructed and arranged such
that heat conduction along thc heat cxchangcr fins (23)
a ainst thc direction of flow of the passen cr compartment
air fed through the heat exchanger is reduced 35

28. The heating system as definerl in claim 27 wherem
recesses are provitled in the heal exchanger Iim (Z3) in an
area between the pipes (22) conveying the flunl coolant to
interrupt heat conduction against the direction of air flow,
andior that thc thickness of thc heat cxchan cr fins (23) is ao

locally reduced, and/or that a gap between the pipes (22)
conveying the fluid coolant is of such rlimensions that the
heal contluction against Lhe direcuon of. flow of the passen-
ger compartment air Ied through Ihe heat exchanger (3) is
ne ligiblc. a.

29. The heating system as tlcfincd in claim 28 whcrcin a
fluid coolant line (2) from the engine (I) to the passenger
compartment heat exchanger (3) at least partially includes a
consitlerably smaller tlow cross-secnon than a fluid coolant
line (4) leathng Irom the passenger compartment heal
exchanger (3) to thc cnginc (1).

30. The heating system as tlcfincd in claim 28 whcrcin a
fluid coolant line (2) from the engine (I) to the passenger
compartment heat exchanger (3) is at least partially hetter
insulated against the surrounding environment that a fluid
coolant line (4) leading from Lhe passenger compartment
heat cxchangcr (3) to thc cnginc (1).

31. Thc heating system as dcfincd in claim 30 ivherein the
inside diameter of the fluid coolant lines (2,4) connected to
the passenger compartment heat exchanger (3) is less than
ll mm in passenger cars. ac

3Z. The heating system as delined m claim 30 wherein a

nozzle-like reduction of thc fiuid coolant linc cross-section,
which permits largely separation-frcc coolant flow, is pro-
vided in the vicinity of the fluid coolant outlet fmm the
engine (1). 55

33. The heating system as delined m claim 30 wherein a
difiuser-lile expansion of the fluid coolant line cross-

secuon, which permits largely separation-Iree coolant flow,
is provided in the vicinity of a fluid coolant inlet into the
engine (1) and,'or into the housing of a fluid coolant pump
(6) and/or in the vicinity of a heat exchanger inlet

34. Thc heating system as dclincrl in claim 30 whcrcin thc
fluid coolant linc (2) leading aivay from thc cn inc (1)
exchanges heat with the engine oil.

35. The heaung system as delined in claim 30 wherein an
adrlitinnal heat source (19) is provided tn heat the passenger
compartment and the fluid coolant mass flow is reduced
when the additional heat source (19) transfers heat to the
fluid coolant.

36. Thc heating system as dclincrl in claim 30 whcrcin thc
fluid coolant mass flows through the additional heat source
(19) anil Ihe passenger compartment counterflow heat
exchanger (3) is reduced via the dimensioning, of the coolant
lines and/or via the geometry of the passenger compartment
heat counterflow exchanger (3).

37. The heating system as delined in claim 30 wherein the
heat source (19) is an exhaust gas,'coolant heat exchanger.

38. Thc heating system as dclincrl in claim 30 whcrcin thc
vchiclc cnginc includes an cxtcrnal exhaust gas recirculation
system, and the heat source (19) is an exhaust gas/coolant
heat exchanger in the external exhaust gas recirculation
system.

39. The heating system as delined in claim 30 wherein the
heat source (19) is a fuel-fired burner, an clcctric heating
system or a heat accumulator.

40. A heat exchanger system particularly arlapted for
heating a passenger compartment of a mntnr vehicle by
means of the waste heat given oflby an engine (1) with a low
amount ol waste heaL via circulated tluid coolanl compnsing
a plurality of heat cxchangcr pipes through which fluid
coolant floivs and which are in thermal contact with thc air
adapted to be fed into a passenger compartment, at least
three cross-floiv heat exchangers connected in series such
that Ihe heat transfer process has counterflow charactensucs
owing Lo correspontling rouung of the air flow whereby
passenger compartment air is hcatcrl in at )cast three stages
and thc fluid coolant is cooled via said thrcc sta cs and
wherein the cross-tloiv heat exchangers each include several
heat exchangers pipes arranged parallel to one another, and
the heat exchanger pipes include at least Lwo semicircular
flow diverters.

41. Thc heat cxchangcr as tlcfincd in claim 40 whcrcin thc
heat cxchangcr pipes (22) include heat exchanger fins (23),
recesses are provided in the heat exchanger fins (23) in an
area between the heat exchanger pipes (22) in ortler to
interrupt heat conducnon against Ihe direction ol'ir flow,
and/or the Ihicl ness of the heal exchanger Iins is locally
reduced, and/or that thc gap bctwccn thc heat cxchangcr
pipes is of such dimensions that thc heat conduction against
the direction of floiv of the passenger compartment air fed
through the heat exchanger (3) is negligible.

42. The heat exchanger as delined in claim 40 wherein the
heat exchanger (3) includes a radiator tanl (20) anil the
transition from thc floe cross-section of a fluid coolant fccd
linc (2) to thc radiator tank (20) includes a difluscr-like
expansion (28) of the pipe cross-section with a small open-
ing angle, which permits largely separation-fee flow, in
order to distmbute the fluid coolant to the imlividual heat
exchanger pipes (ZZ), aml,'or that the transition Irom the
radiator tank (20) to thc cross-section of thc coolant return
linc (4) includes a nozzle-like rctluction of thc pipe cross-
section, which permits largely separation-free tloiv, in ortler
to combine the fluid coolant originating from the individual
heat exchanger pipes (ZZ).
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