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dioxirlc fraction anti or thc humidity m thc passcngcr com-
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ary paramctcrs be obtained and analyzed for indirect detcr-
mtnaiion of. (he air parameter, and that ihe recirculaung atr
free(ton be adjusted as a function of. (he analysis.
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US 6.679,075 B2

METHOD FOR ADJUSTING THE
RECIRCULATING AIR FRACTION OF THE

INLL'T AIR DL'LIVERL'D TO A VLHFCLL
PASSENGER COMPARTMENT

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

The nght of. pnoniy under 35 U.S.C. flllq(a) is claimeri
based on German Patent Application No 101 2S I fiiiB, filed
Jun 9, 2001, the entire disclosure of which is hereby
incorporated by reference

BACKGROUND OF THE INVENTION
isThc prcscnt invention rclatcs to a method for adjusting a

recirculaung air fraction of. inlet air delivered to a passenger
compartment of a vehicle, and io an mr-condinoning system
for a vehicle

In known heating and cooling,'air-conditioning systems in
vehicles, the flow of inlet air drawn in by a fan and then
dclivcrcd to a passenger compartment can often l&c switched
in continuous increments bctwcen outside air and thc air
present in the passenger compartment by an ouisirle air/
rectrculating air adiustment device. This is done either by as
pressing a I ay on an operating control unit or by an
automatic control as a function of the vehicle speed
(dynamic pressure compensation) and/or as a function of a
signal from a pollutant as sensor. If a prolonged period of
time is spent in thc passcngcr compartment, there is a danger
in the recirculating air motte, in which the inlet air is
composed exclusively of air present in the passenger
compartment, that an mr mixture v:dl form in ihe passenger
compartment that is humid and deticient in oxygen, oiving
to the influence of the occupants Such humidity may lead to
fo ging up of thc vehicle windows or may cause thr
occupants to bc uncomfortable. In thc case of oxygen
deliciency, it leads initially io an iniudious deterioration in
driving capability riue to iaiigue and lacl of concenirauon.
Except in regions having a tropical climaie, therefore., ihe
system is generally run with a relatively high outside air
fraction As a result, however, the heating and air-
conditiomn system has an increased power demand.

A known method of preventing an cxcessivc concentra-
tion of pollutant gases and cxcessivcly high humidity in the „s
passenger compartment air is io sei ihe inlet air io a high
outsirie air fraction, without measuring and taking account
of the pollutant gas concentration and the humidity of the
passenger compartment air for this purpose Although
heating,'air-conditioning systems operating on this principle
arc incxpcnsivc to manufacture, since they do not require
any sensors for the pollutant ascs and/or huniidity in thr
passenger compartment air, they have a relatively hi h
power consumption.

EP (1 825 044 A2 thscloses a method for air mixture
control in a heatingiair-conditioning unit of a motor vehicle,
in which the humidity of the passenger compartment air is
mcasurcd by means of a sensor and thc recirculating air
fraction of thc inlet air is adjusted as a function of this
humidity. ALso known is thc usc of gas sensors in order to sti
determine the carbon dioxide content of. the passenger
compartment air The disrulvantage to these methods is ihe.

high cost of such sensors.

SUMMARY OF THE INVENTION

One obiect of the present invention is to provide an
improved method for adjusting a recirculating air fraction of

mlet air dehvered to a passenger compartment of a vehicle,
ivhich permits a simple and hence inexpensive construction
for a heating and cooling. air-conditioning system, which
nevertheless provides performance advantages

A further object of thc invention is to provirlc an improvcrl
apparatus for adjustin a recirculating air fraction of inlet air
delivereil to a passenger compartment of. a vehicle, as well
xs an improved heanng and ior air-comhtioning system and
an improveil vehicle embotlying such an apparatus and
system.

In accordance ivith one aspect of the present mvention,
there has been provided a method for adjusting a recircu-
lating air fraction of inlet air dclivcrcrl to a passenger
compartment of a vchiclc via an air-conrlitioning system, in
order to avoid exceeding a pretletermined limit value of at
least one passenger compartment air parameter, comprising.
determining at least one secondary parameter; from the at
least one determined secondary parameter, indirectly deter-
mining the passenger compartment air parameter; and
ailjustin thc recirculating air fraction as a function of thc
inilircctly dctcrmincd passen cr compartment air parameter.

In accordance with another aspect of thc invention, thcrc
is provided a device for adjusting a recirculating air iracuon
of mlet air delivered io a passenger compartment of a vehicle
via an air-conditioning system, in order to avoid exceeding
a predetermined limit value of at least one passen er com-
partnicnt air parameter. The device comprises a system for
determining at least one secondary parameter, a calculation
dcvicc for indirectly dcterniinin thc passcngcr compart-
meni air parameter irom the at least one determined sec-
ondary parameter, anil a device for adjusting the recirculat-
ing air fraction as a function of the indirectly determined
passenger compartment air parameter.

In accordance with yet another aspect of the invention,
thcrc has bccn provided a heating andior air-conditioning
system for a vchiclc having a rlcvicc for arljusting thc
recirculating air fraction of ihe mlet air delivere&l to a

passenger compartment of ihe vehicle, wherein the device
compnses a device of the typic described above. A vehicle
embodying such a heating andior air-conditionin system is
also provided accordin to the invention

I'urther objects, features and advantages of the present
invention ivill iicconic apparent from thc detailed descrip-
tion of preferred cnibodinicnts that foflows, when consid-
ered together with ihe accompanying ligures of drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

In thc drawings:
FIG. I is a schematic view shoivin a rcprcscntation of an

exemplary cmboilimcnt of a hcatingicooling system for a
vehicle according to the invenuon;

FIG. 2 is a calculation flow dia ram of an embodiment of
the calculation of a maximum arlmissiblc recirculating air
fracuon of. the inlet air deliveretl to a passenger compartment
from ihe indirectly determined carbon dioxide concenirauon
of. the passenger compartment air,

FIG. 3 is a diagram represenung an embodiment ior
adjusung the recirculating air fraction of the inlet air in order
to boost the efficiency of a heatinwcooling facihty,

FIG. 4 is a diagram represenung an embodiment ior
adjusting the recirculating air fracnon of the inlet air in or&ter
to prevent a critical andior uncomfortable air hum irhty in the
passenger colnpartment; and

FIG. 5 is a dia ram representing an embodiment of a

control structure for adjusting the recirculating air fraction
of the inlet air delivered to the passenger compartment
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DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Thc method of thc invention serves for adjustmcnt of a
recirculatmg air fraction of the inlet air delivered to a
passenger compartment of a vehicle, in order to avoid
exceerling a predeterminecl limit vahie of at least one air
parameter of the passenger compartment air. This air param-
ctcr is, for example, thc carbon dioxide content or the
humirhty In thc method, thc secondary parameters arc
obtained (either through measurement, calculation and or
assumption) and analyzed for indirect determination of the
air parameter, aml the recirculating air fraction is adtusted as
a function of the analysis. This air parameter of the passen-
ger compartment air is thcreforc not measured directly by
means of sensors, as provided in knoivn methods, but is is
ascertained from predetermined and,'or measured secondary
parameters Analysis ot'he secondary parameters in order to
determine the required air parameter is preferably performed
by means of a control facility, such as a microconiputer, for
cxamplc. Where thc air parameter in question is thc carbon

o
dioxide concentration or thc humidity of thc passenger
compartment air, it is possible to dispense with expensive.
sensors for the direct measurement of. these parameters, so
that the costs of a heating and cooling air-conditioning
system for the vehicle can be reduced.

as
In an especially preferred embodiment of the method, at

least the carbon dioxide fraction and the humidity of the
passenger compartment air are determined indirectly by
taking account of at least two of thc secondary paranietcrs in
each case, and thc recirculating air fraction of thc inlet air is
preferably set as high as possible as a funcnon of. these.
values of the passenger compartment air. This boosts Ihe.

elhciency of the heating and coohng,'air-conclinoning
system, so that a reduction in the primarv energy consmnp-
tion needed to operate the heatingiair-conditioning system is
possible. Furthermore, thc humidity of thc passenger com-
partment air can bc raised to a icvcl perceived as comfort-
able by Ihe occupants. At the same lime, however, Ihe
rectrculating air fraction of. the inlet air is always only lust
high enough to reliably preclucle Ihe occurrence of. critical
carbon dioxide concentrations in the passenger compartment
air, which might lead to fatigue and loss of concentration on
thc part of thc occupants, and to fogging up of thc vehicle
winrlows duc to an cxccssiveiy high air humidity in the
passenger compartment.

Thc prcscnt invention also rclatcs to a heating and/or
air-conditionin system for a vchiclc, which comprises a
device for adlusting Ihe recirculating air fraction of. Lhe inlet
air deltvered Io a passenger compartment of. the vehicle. The
device is controllable/adluslable by means of a control
facility, with the control facility operating in accordance
with the above-described method.

The methorl descrilied in more detail below serves for
adjusting the recirculating air fraction of the inlet air deliv-
ered to a passenger compartment of a vehicle, so that the
recirculating air fraction is just lar e cnou h to ensure that
a limit value of, in this case, a total of tive air parameters,
namely, the carbon dioxide concentration aml Ihe humidiiy
in the passenger compartment mr, is not exceeclecl.

Thc inlet air is composed of outside air and air drawn sc
from the passenger compartment, the lauer of which is
termerl recirculating air. The outrnde air fraction anil Ihe.

recirculatmg air fraction of the inlet air together always give
I00%, i.e., if the recirculating air fraction is, for example,
65% of the inlet air, this gives an outside air fraction of 355k

In the context of the present invention, a vehicle is taken
to mean, for example, a passenger car or a truck 'I'he

passenger compartment is Lhe part of Ihe intenor of the
vehicle that can be occupied by at least one occupant

FIG. 1 shows a schematic rcprcscntation of a section of an
cxeniplary embodiment of a heating and air-conditioning
system 1, which has an air passage 5 connected Lo a

passenger compartment 3. To Ibis passage outside air,'I'rash
air can be dehvered by way of a first duct 7 anil recirculaun ~

air, i e, air draivn from the passenger compartment 3, by
ivay of a second duct 9 The air floiv escapin from the
passen cr compartment 3 duc to leakage is inrlicatcd by an
arrow 12.

The heannJatr-conditioning system I furthermore com-
prises a device 11 for adjusting Ihe recirculatin air fraction
of the inlet air delivered to the passen er compartment 3,
which in this case has a flap 15, which is pivotablc about an
axis 13 running pcrpcndicular to thc plane of projection of
FIG. I and can be operated iiy means of a servomotor (not
shown). The recirculating air fracuon of the inlet air is
increased or reduced according to the position into which Lhe

flap 15 is swiveled
l)ownstream of the flap 15 in the direction of flow, there

is arranged in the air passage 5 a fan 17, which can be driven
by means of a drive (not shown). An evaporator 19, which
is part of refrigeration system (not shown), is located down-
stream of the fan 17. A healing facility (not shown) for
heaung the inlet air cooled by the evaporator 19 is preferably
located downstream of Lo Lhe evaporator 19, viewed in the
direction of iloiv of the inlet air. It is typically a heat
exchanger that is coupled to the en ine cooling system and
circuiatcs warm en ine coolant for heat exchange with thc
cooled inlet air. The heat cxchangn is prcfcrably also
arran ed m Lhe air passage 5. The inlet air composed of
outside air aml or recirculating air, depending on the posi-
lion ol. Ihe flap 15, passes from Ihe air passage 5 into Lhe

passenger compartment 3 by way of at least one opening
and or nozzle 21, that can generally be closed by means of
flaps, vancs or the like.

Thc drives for thc flap 15 and the fan 17, thc arljustmcnt
of the evaporator tcniperaturc Ta,,,n, thc heating facility and
any other components of the healing and air-conditionin ~

system I are actuated by a conventional control lacihty (not
shoivn in detail)

A preferred embodiment of the method accnrdmg to the
invention is described in more detail beloiv with reference to
FIGS. 2 to 4. In thc case of a stationary vehick, thc aim is
to set the hi hest possible recirculating air fraction in order
to iioost thc eflicicncy of the hcatin and air-conditioning
system 1, especially in order Io reduce its pnmary energy
consumption, andror to adiust Lhe humidity of the passenger
compartment air I'„„„„ to a level that is comfortable for an
occupant of the passenger compartment 3. At the same time,
however, the intention is to avoid a cntical carbon dioxide
concentration, in the case of a single occupant, which can
learl to fatigue and lack of concentration, anil an cxcessivcly
high humidity, which can lead to fogging up of the vehmle
wimlows. For this purpose, however, it is not intended either
to use a gas sensor to determine carbon dioxide concentra-
tions in the air or to use a sensor for determinin the air
huniirlity.

First, a maxiniuni admissible recirculating air fraction of
thc inlet air is preferably determined, so as to avoid a critical
carbon dioxide concentration of the air in the passenger
compartment 3, which can be assumed to be 2e!rs for
example. For this purpose, the maximum admissible carbon
dioxide concentration for the passenger compartment air is
used to calculate the maximum admissible mixing ratio for
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the inlet air ilrawn in by the fan 17, which is explained in
more ilelail below with reference lo the diagram represenierl
in FIG. 2

As can be seen from HG. 2, the carbon dioxide mass flow
from the passenger compartment 3 is determined by rukling
together the leakage air flow imhcated by arrow 12 in FIG.
I and an air flow drawn from thc passcngcr conipartmcnt 3
via thc second duct 9, and multiplying the result by an
assumed carbon dioxide concentration in the passenger
compartment air. The assu meit carbon dioxide concentrauon
in the passenger compartinent air may in straightforward
cases be assumed to be equal to the critical carbon dioxide
concentration, which this part of the control uses as target
value. It is thcrcforc not measured. In a second stage, thr
critical carbon rhoxidc concentration of thr passenger com-
partment air is multiplied by Ihe air mass present in Ihe
passenger compartment 3, and the resuh is then divided by
the duration d I'f a control stage and added to the carbon
diovide mass flow from the passenger compartment 3 In a
third stage thc carbon dioxide mass flow pcr occupant and zo
unit time is multiplied by thc number of occupants of the
passcngcr compartment 3. Thc result of the multiplication of
the leal age air flow aml Ihe carbon dioxide concenirauon of
the outside air is then adiled to Ibis in order to obimn ihe nei
carbon dioxirle mlet flow into the passenger compartment
caused by the occupants and leakage This is subtracted from
thc carbon rlioxidc mass flow cscapin from thc passcngcr
compartment, thcrcby giving thr niaximum admissible inlet
flow of carbon dioxide through thc opcnin s 21 or nozzles
into the passenger compartment 3. This is divided by the air
mass flow of Ihe inlet air, thereby giving a maximum carbon
diovide concentration in the inlet air delivered to the pas-
senger compartment 3, from which in turn an assumed
carbon rhoxidc concentration of thc outside air is subtracted.
For morc rcliablc operation, an increased value is selected
for thc carbon dioxide concentration of thc outside air, as can
be measured, Ior example, in inner city traflic. In order to
obtain the maximum admistuble recirculanng air fraction of
the inlet air, the difference is finally calculated between the
assumed carbon dioxide concentration in the passenger
compartment air and the assunicd carbon dioxide concen-
tration of thc outside air. The diffcrence bet&veen the maxi-
mum carbon dioxide concentration in thc air blown into thr
passenger compartment and Ihe assumed carbon dioxide
concenlrauon of the oulsxle air is thvided by Ibis result in
order to obtam the maximmn admissible recirculating air
fraction of the inlet air, at which a critical carbon diovide
concentration of the passenger compartment air can be
reliably avoided.

The number of occupants of the passenger compartment
can bc dctcctcd, for example, by sratl&clt lock switches or a
scat occupancy sensor known in thc art, or in thr simplest
case assumed to bc equal to the niaximum permissible
occupancy of. the passenger compartment.

It will now bc explained with reference to FIG. 3 how a ..
suitable recirculating air Iraction of. the inlet air can be.

calcu lalerl, which boosts the cooling and heating capacity of
the healing aml air-i:omhnoning system I, in order to make.
better use of the potential energy saving. If the outside
temperature 'I'„,„„ is less than the passenger compartment
air tcmpcraturc T,„„„„ it may be used to cool thc passcngcr
compartment 3. This is advantageous where thr setting for
the passenger compartment mr temperature is less than Ihe
actual value of the passenger compartment mr temperature
measured by a sensor. The recirculating air fraction can then ss
be determined from the diagram represented in Fl(& 3 as a
function ot'he temperature difFerence bet&veen the set actual

passenger compartmeni air temperature along a continuous
Iirsi characlerisnc line 23. If. Ihe out&i&le temperature T „„„i,
is greater than thc tcmpcraturc T„„,„, of the passenger
compartment air, however, it can bc uscrl for heating thc
passenger compartment air. This is the case where the setting
for the passenger compartment air temperature T„„„„ is
greater than the measured actual value of. the passenger
comparimenl air temperature. The recirculating air Iraclion
can in this case bc taken from the dia ram along a scconrl
characienstic line represenietl by a tlashed line. In both cases
Ihe outside air frachon of. Ihe inlet air is increased conunu-
ously over lhe temperature ditferenlial, or Ihe recirculating
air fraction of the inlet air is reduced, as can be seen from
the path of the characteristic lines 23 and 25 in I'l(l 3.

I'inally, a maximum admissible recirculating air fraction
of the inlet air is calculated, in order to avoid excessively
high humidity in the passen er compartment air I'his is
cvaluatcrl by way of a humidity limit for the avoirlancc of
foggin and an uncomfortable humirlity accordin to
"Fanger'humidity comfliri index). As can be seen from ihe
diagram accordin ~ io FIG. 4, for this purpose ihe tempera-
ture on the inside of a window is hrst calculated, usmg a
windoiv temperature model, based on the speed of travel
V&„„, r the outside temperature 'I'„,a„ the passenger com-
partnicnt air tcmpcrature T„„„i„, thc output of thc fan 17 and
the time. Accorrlin to this calculated window tcmpcraturc
and the number of. occupants, who contnbule to an increase
m the humidity of the passenger compartment air through
their transpiration, a first set temperature for the evaporator
19 is calculated, which is needed in order to keep the
humidity of the passen er compartment air tn a level such
that thc vehicle vvindows cannot fo up. In this it is assumcrl
that thc rclativc huniidity at thc evaporator 19 is just less
Ihan 100%, particularly 909% io 95~!c,. Heating ihe inlet air to
Ihe level of ihe passenger compartment air by means of ihe
heating facility, arran ed on the outlet side of the evaporator
19, then produces a drying of the inlet air according to the
h-x diagram. I'or calculating the humidity comfort index a
constant limit is assunierl for thc enthalpy of thc passenger
compartment air. Taking into account the insolation anil any
air slraulication logelher with ihe passenger compartment air
temperature, this enlhalpy is Ihen used to calculate the
absolute humidity that needs to be set, from which the
influence of the occupants again needs to be subtracted This
desired absolute hmnidity downstream of the evaporator 19

gives a second sct tempcraturc for thc evaporator 19.
The term "air stratification** means the temperature of the

inlet air admitted to the passenger compartment varies over
the hci ht of the latter. Thc inlet air dchvcrcrl to thc footwcll
of thc passenger compartment usually has a higher tcmpcra-
lure Ihan Ihe air flowmg into ihe passenger compartment in
Ihe herul area of. the occupants.

The lesser of thc two first and scconrl evaporator sct
temperatures calculated is then compared with the actual
temperature of ihe evaporator 19 measured by a sensor. If
the actual temperature of the evaporator 19 is less than or
equal to the set temperature determined, a recirculating air
fraction of I00c/a can bc run for adjustmcnt to an acceptable
humidity of thc passcngcr compartment air Thc grcatcr thc
upward deviation of thc actual tcmperaturc of the evaporator
19 from ils sel value, Ihe more ihe outside air frachon needs
lo be increased as a precaution in order to ensure reliable
operation, even ivhen the refrigeration system is nol in use

FIG. 4 shows a diagram, in which ihe recirculaung air
fracuon of Ihe inlet mr is plotleil on the ordinate axis and ihe
temperature differential bet&veen set and actual temperature
of the evaporator 19 is plotted on the abscissa. A character-
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istic line 27, by means of which the recirculating air fraction
can be determined as a function ot'he temperature
differential, is drawn in on the diagraln. The precise positioii
of the characteristic line 27 can be evaluated along with the
outside tcmpcraturc, so that an cxccssivcly high outside air
fraction of thc inlet air is not needlessly set in tropical
condittons, i.e, humiri and hol comhtions.

I'IG. 5 shnws an overview of the control structure for
setting the highest pox&sit&le recirculating air fraction of the
inlet air, which takes account of (I) thc aforcnientioncd '"
maximum recirculating air fraction of thc inlet air deter-
mined for Ihe avoidance of. a cntical carbon dioxide con-
centration in Ihe passenger compartment air, (2) ihe appro-
priate recirculating air frachon for boosting the heahng/
cooling capacity of the heating,'air-conditinning system I,
and (3) the maximum admissible recirculating air fraction
for thc avoidance of an cxccssivcly high humidity of the
passcngcr compartment air. The smailcst of the determined
or calculaleri admissible recirculating air fractions of. Ihe.

inlet air is sel by means of the device 11, the flap 15 in Ihe.

exemplary emboiliment described v:ith reference io Ihe.

figures heing swiveled into a corresponding position accord-
ing to its characteristic line 29 plotted by ivay of example in
a diagram shown in FIG. 5. Thc characteristic linc 29
rcprcscnts thc proportion of outside air recirculating air "'lowingin the inlet air over Ihe position of. the flap 15.

The method described with reference to the figures is
distinguisherl in that the recirculating air fraction of the inlet
air can be arlvantageously controlled or regulated without

I)
thc nccrl for rclativcly expensive sensors for direct mcasurc- '

mcnt of carbon dioxide concentrations and or the humidity
in the passenger compartment mr.

I'or calculating the maximum admissible recirculating air
fraction in order tn avoid a critical concentration of carbon
dioxirlc in thc passcngcr compartment air, it was assumed at
thc start of thc calculation, described with rcfcrence to FIG.
2, that the carbon ihoxide concentration in ihe passenger
compartment 3 is equal Io the cnlical carbon dioxide con-
cenlrauon. Since, however, as explained with reference lo
I IG. 5, the device 11 dnes not necessarily set the maximum
admissible recirculating air fractinn for the avoidance of a
critical carbon dioxide concentration, but if necessary onc of
thc other suitable and)or pcrmissil&ic dctcrmincd recirculat-
ing air fractions, it is possible, in order to provule a more. as
sophisticated level of control, to provide a model of. Ihe.

carbon dioxide concentration of the passenger compartment
air based on the current value I'his model is virtually the
reverse ot'he part of the control with the input variable
"position of thc outside air-recirculating air mimic" (flap 15)
anil thc output variable "current carbon dioxide concentra-
tion in Ihe passenger compartment air', as has been
described with reference to FIG. 2. Insteari of the maximum
admissible recirculating air traction, therefore, ihe recircu-
lating air fraction actually set is used, and the calculation
described &vith reference to I'IG 2 is reversed.

In an advantageous embodiment, the settin of thc
requireri recirculaung air fraction and preferably also Ihe
calculations or rielermining stages descnberi above are per-
formed by means nf the control,'regulating facility fnr the
heating and)or air-conditioning system Another, possibly
already existing, computer can obviously also be used for
thc calculations.

It will be noleri, in summing up, that in order io determine
the maximum admissible recirculating air fracuons (FIGS. 2 ss
and 4) and the apprnpriate recirculating air fraction (FIG. 3),
a plurality of secondary parameters were used in each

mstance, which are sometimes measured by sensors already
present in the vehicle or &vere adopted, i e., established by
assumption or from empirical values.

Thc advanta es ensuing from thc methorl accorrhng to the
mvenuon obviously also accrue where, instead of three
recirculaun ~ air fractions, as described with reference to
FIGS. 2 lo 5, only one of. the maximum admissible recir-
culating air fractions, for example, is determined and set

Thc foregoing description of prcfcrrcd cmborlimcnts of
the invention has bccn presented for purposes of illustration
and description only. It is noi intemle&l to be exhaustive or
lo limit the invennon to Ihe precise form disclosed, and
modifications and variations are possible and)or would be
apparent in light of the above teachings or may be acquired
from practice of thc invention. The cmbodimcnts werc
chosen and dcscribcd in orrlcr to explain thc principles of thc
invention and its practical application to cnablc one skillcrl
in the ari io uulize the invention in vsnous embodiments and
with various modiiicaiions as are suited to the particular use
contemplated It is intended that the scope of the invention
be defined by the claims appended hereto and that the claims
encompass all embodiments of the invention, including the
disclosed embodiments and their cquivaknts.

What is claimed is:
1. A method for adjusting a recirculating air iracuon of

mlet air delivered io a passenger compartment of a vehmle
via an air-conditionin system, in order to avoid exceeding
a predetermined limit value of at least one passenger com-
partment air parameter, comprising:

delermimng ai leasL one seconilary parameter in a manner
Ihat does not include directly measunng said at least
one passen er comparlmeni air parameter or use of a
relatively expensive sensor;

from thc at least onc determined secondary paramctcr,
inrlircctly determining thc passenger compartment air
parameter; and

adjusting the recirculating air fraction as a function of the
indirectly determined ptissenger compartment air
paramctcr.

2. A method as clainicrl in claim I, whc rein thc at least one
passenger compartment air parameter composes ai least one
of. Lhe carbon dioxide content and/or Ihe humidity in the
passenger compartment air and wherein said determining is
carried out in a manner that does not use a gas sensor to
determine carbon dioxide concentration and)or does not use
a sensor to dctcrminc passcngcr compartment air humirhty.

3. A method as claimed in claim I, whcrcin a first
secondary parameter comprises a maximum admissible limn
oi. Ihe recirculaiing air fraction for avoiding a cwlical maxi-
mum carbon dioxide concenlraiion in Ihe passenger com-
partment

4. A method as claimed claim I, wherein a second
secondary paranietcr comprises thc outflow of carbon diox-
ide from the passen cr compartment

5. A method as claimeil m claim I, wherein a third
secondary parameter comprises Ihe input of carbon dioxide
mio the passenger compartment tlue to Ihe respiration of at
least one occupant

6. A method as claimed in claim I, wherein a fourth
secondary parameter comprises thc input of carbon dioxirlc
into thc passen er compartment due to leakage thcrcin.

7. A method as claimed in claim I, wherein a liflh
secondary parameter comprises the number of occupants of
Ihe passenger compartment.

g. A method as claimed in claim 7, wherein the number of
occupants is detected by means of at least one sensor, or is
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assumed lo be equal lo Ihe maximum admissible occupancy
of the passenger compartment.

9. A method as claimed in claim 8, wherein the at least one
sensor cnmprises seatbelt lnck switches nr seat nccupancy
sensors.

10. A method as claimed in claini I, wherein a sixth
secondary parameter composes carbon dioxide concentra-
tion in Ihe outside air.

11 A methnd as claimed in claim 10, wherein the carbon
dioxide concentration in the outside air comprises a constant in
value which is equal tn a carbon dioxide cnncentration
mcasurablc in a high vehicle concentration traflic.

12. A method as claimed in ciaini I, ivhcrcin thc maxi-
mum admissible mixing ratio of. recirculating air and outside.
air in Ihe inlet air in order to avoid exceeihng ihe crincal
maximum carbnn dinxide cniicentratioii in the passeiiger
compartment is determined as a functinn nf multiple sec-
ondary parameters

13. A method as claimed in claim I, whcrcin a seventh
secondary paramctcr comprises thc actual air temperature in an

the passenger compartment and an eighth secondary param-
eter comprises the outside air lemperalure.

14 A methnd as claimed in claim 13, wherein a suitable
recirculating air fraction for optinubing the enercy consump-
tion of a conling/heating facility is detemiined as a function "s

of thc scvcnth and eighth secondary paranietcrs together
with a dcsircd SET air temperature forniin a ninth second-
ary parameter

IS. A method as claimed in claim I, wherein a tenth
secnndary parameter comprises a predetermined limit equal
to a maximum admissible limit for the recirculating air
fraction in order to avoid an excessively high humidity nf the
passcngcr compartment air.

16. A method as claimed in claim I5, whcrcin thc limit is
selected so that window fogging and optionally an uncom- is
forlable humidity determined according to bFanger*'/
humidity comlorl index are avoided.

17 Methnd as claimed in claim I, ivherein an eleventh
secondary parameter comprises a temperature on the inside
of at least onc window of the vehicle. dn

18. A method as claimed in claim 17, wherein thc window
inside temperature is determined by means of. a wimlov,
temperature model baswl on Ihe speed of. !ravel, ihe outside.
air temperature, the passenger compartment air lemperature,
the nutput of a fan nt'he heating,'cooling facility and the ds
time

19. A method as claimed in claim I, comprising scttin a
first SET tcmpcraturc of an evaporator of thc hcatinbr
cooling facility, at which Ihe humulily of the passenger
compartment air is 1 ept at a level such thai the windows of. sn

the vehicle are free of logging, said lirst SET temperature
heing determined as a function nf the temperature detected
on the mside of one windoiv and the number nf occupants
prcscnt in thc passenger compartnient.

20. Amethod as claimed in claim 19, comprising selecting ..
a constant value for Ihe enthalpy of the passenger compart-
ment air for determining a humiihty comfort index, and
using this enthalpy, while lal ing into account any insolalion
and any air stratiticatinn together with the passenger com-
partment air temperature, to calculate the absnlute humidity sc
of thc inlet air downstream of thc evaporator, from ivhich thc
humiihty infiucncc of thc occupants is optionally subtracted.

21. A method as claimed in claim 20, further composing
using a desired absolute humxhly of the inlet air down-
stream of the evaporator lo determine a aecoml SET tern- ss
perature of the evaporator, comparing the lesser temperature
of the first and second SLT temperatures nf the evaporator

with Ihe measured ACTUAL temperature of lhe evaporator
lo produce a temperature ihllerennal, and determining lhe
recirculating air fraction as a function of this tcmpcraturc
diffcrcntial.

22 A method as claimed in claim 21, comprising setting
a recirculating air fraction in the inlet air of up to tOII'ffrs

when the ACTUAL temperature of. Ihe evaporator is less
than or equal to the detemiined, lower SL'1'emperature of
the evaporator, whereby the humidity in the passenger
compartment air does not reach a cnlical level

23. A method as claimed in claim 21, comprising
invcrscly adjusting thc recirculating air fraction of thc inlet
air downwardly as Ihe deviation of the ACTUAL tempera-
ture of. Ihe evaporator from Ihe lower of the two SET
temperatures increases

24 A method as claimed in claim I, wherein the recir-
culating air fraction in the air delivered to the passenger
compartment is sct at the smallest of thc calculated admis-
sible recirculating air fractions dctcrmincd in order to avoid
(a) a cnncal carbon dioxide concentration in the passenger
compartment air and (b) exceeding of. the predetermined
limit for the humidity of the passenger compartment air, and
optionally at a level ivhich is suitable for bnosting the
heating cooling capacity of the air-cnnditioning system

25. A device for adjusting a recirculating air fraction of
inlet air delivcrcd to a passcngcr compartment of a vehicle
via an air-comhnomn ~ system, in order to avoid exceeihn ~

a predetermined limit value of at least one passenger com-
partment air parameter, comprising:

a system for determining at least one secomlary parameter
m a manner that does nol include directly measunng
said at least one passenger compartment air parameter
or use of a relatively expensive sensor;

a calculation device for indirectly determinin ~ the pas-
senger compartment air parameter from the at least one
determined secondary parameter; and

a device for adtustmg the recirculating air fracnon as a
function of the indirectly determined passenger com-
partment air parameter.

26.Ahcatin and/or air conditionin system for a vehicle
having a device for adjusting thc recirculating air fraction of
Ihe inlet air delivered Io a passenger compartment of the
vehicle, wherein the device comprises a device as claimed in
claim 23.

27 Aheating and'or air-conditionin system as claimed in
claim 26, wherein the system for determming at least one
secondary parameter coniprises a sensor for measuring at
least onc parameter sclccted from thc outflow of carbon
dioxide Irom the passenger compartment, the influx of
carbon dioxide into the passenger compartment due to
leakage therein, Ihe number of occupants of the passenger
compartment, the actual air temperature in the passenger
compartment and the outside air temperature.

28. A hcatin and ior air-conditioning system as claimed in
claim 26, vvhcrcin at least one of thc secondary paramctcrs
is selected from a maximum admissible limit of the recir-
ciilaliilg aii'raclloii lilt dviiidiiig a critical maximum cdrlioil
dioxide concentration in Ihe passenger compartment, the
input of carbon dioxide into the passenger compartment due
to the respiration of at least one occupant, carbnn dioxide
concentration in thc outside air, a predetcrmincd limit equal
to a maximum admissible limit for thc rccirculahng air
fracnon in order to avoid an excessively high humidity of the
passenger compartment air, a temperature on lhe inside of al
least one window of Ihe vehicle, the absolute humidity of the
inlet air downstream of the evaporator, and a temperature
differential calculated by usin a desired absolute humidity
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of the tnlet air rlownstream of Ihe evaporator to determtne a
secnnd SL'I'emperature of the evaporator and comparing
the lesser temperature of tirst and second SL''emperatures
of the evaporatnr with the measured A(:TUAl. temperature
of thc evaporator.

29. A vehicle comprising a heatmg amlror atr-
cnnditioning system, wherein said system comprises a heat-
ing andrnr air-conditinning system as claimed in claim 26


