
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
US009908383B2

(12) United States Patent
Hevl et al.

(10) Patent No.: US 9,908,383 B2
(4s) Date of Patent: Mar. 6, 2018

(54) AIR CONDITIONING SYSTEM FOR A
MOTOR VEHICLE

(71) Applicant. VISTEON GLOBAL
TECHNOLOGIES, INC., Vmi Burmi
Twp.. Ml (US)

(72) Inventors. Peter Heyl, K(tin (DE), Dirk
Schrueder, Manclung (DE), Hans
Hammer, Pfafl'enhofen (DE); Jorg
Bodewig, Kerpen (DE)

(s() Refcrcnces Cited

IJ 8 PAI'I!N1 IX)('I JMIINT)

4,412,432 4 " it I9&i3 grendel

6,&05,375 4 8,20(&0 lakano ct al
6,640,889 BI " I I 2003 Harte

6,862,892 BI " 3 2005 bleyei

(('ontimied)

6250 5 02
6& 527

B60H I 00885
165&202

B60H I 00878
62 &244

(65) Priur Publication Data

US 2014/0075972 A I Mar. 20, 2014

(30) Fureign Applicatiun Priority Data

Sep. 17„2012 (DE) ....................... 10 2012 108 731

(51) lnt. Cl.
06011 I/32 (2006 01)
BGOH I/00 (2006.01)

(52) U.S. CI.('P('. BGBH I/0((507 (2013 01): B60H I/00899
(2013 01), Bdi0H I/00907 (2013.01): B60H

200l/00957 (2013.01): FOIP 2060/08
(2013.01)

(58) Field of Classification Search
CPC ......... B60H I/00507; B60H I/00899: FOIP

2060/08
Scm appl&canon lilc for complete search lnstory.

(73) Assigncc. HANON SYSTEMS, Dae)con-s& (KR)

(
"

) Notice Subject to any disclaimer„ the term of tlus
pa&cut &s cxtcndcd or adjustc&1 under 35
U.S.C. 154(b) by 502 days.

(21) Appl. No 14/029,150

(22) Filed: Sep. 17, 2013

FOREIGN PATENT DOCUMENTS

DE 4207859 Al 9 1993
DE 102008035089 Al 2&2010

(Contimied)

Prim&iri Ex»&niner Orlan&lo E Av&lcs Bos&ines

(74) .(itoroev, .( ent, or Fir&o I&uncs D. M&lier,

Shumaker, Loop & Kendrick. LLP

(5 I) ABSTRACT

ll Claims, 6 Drawing Sheets

1'he invention relates to an air condit&on&ng system ti&r

condit&otung the air of a passenger space of a motor vcluclc,
die system including a refri erant circuit with a compressor,
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1

AIR CONDITIONING SYSTEM FOR A
MOTOR VEHICLE

('RO)S-RlililigliN( E I'0 Rt!I,AI llD
APPLICATION

line dpphcatiou claims priority io Gcnnan Non-Provi-
sional Patent Application )ariel No Dl'. 10 2012 I OS 711 g
filed Sep. 17. 2012, hereby incorporated herein by reference
in its entirety. 111

I'l II,D Oli 'll 11 1 INVEN'I'ION

The invention reLates to an air conditioning system for
conditioning the air of a passenger space of a motor vehicle
with a refri emlnt circuit. comprising a valve arrangement
consisluig ol valves having diffi:rent valve cltacdctcnstics.
Thc invmilion rclalcs lo au air condtltonuig system wilh a
niolor cooing circuit and a refrigerant circuit. which is
formed tilr a combined chiller and heat pump mode as well zo

as for a reheating mode for heating, cooling and dehumidi-
fying the air to be conditioned for the passenger space. v. ith
an inner heat exchan er and a heat exchanger for supplying
lit:dl lrolu tllC COOIBtit to lllc ILhlgCIdilu WhCicitl lhC CL11n-

poIICIIIS 111 lilt: rclrigCIBIII CIICUII BIL'. BndiigLd 111 SiiCh

manner that the inner heat exchanger is active or inactive in
different operating modes The invention further relates to
the design of a heat exchanger of the refrigerant circuit for
supplying heat from the refrigerant to the air lo be condi-
tioned for the passenger space. Moreover, the invention lo

ICIIIICS lo B IUClhod for OpCldliilg B IL'frigeiiiiil CIICUII Uf Bit

mr condiuomng syslmn when an emcrgcncy ts dcteclcd

BACKOROIJND OF THE INVENTION
ls

In Ihc motor vehicles known from Ihe poor arl. Ihc waste
heal of Ihe miguic ts uscxt fiir heaung Ihe supply air for the
passenger space. 'I'he waste heat is transported by means of
the coolant circulated iii the motor cooling circuit to the air
conditioning system. and there it is transferred vio the do

heating exchanger to the air flowing into the passenger
SPdCtl

Known installations with coolmil-atr heal exch mgcrs pull
Ihe hcaluig energy from lhc cooling circuit of an cfficimil
combustion eimine of the vehicle drive I'hese installations
no longer reach the required level for a comtbrtable heating
of the passen er space if the environmental temperonires are
low in order to cover the total heat demand of the passenger
space. Similar slalcmcnls apply to tnslallalions in veluclcs
with hybrid drive. o

When the total heat demand of the pdsscngcr sp me cluuiot
be covered using the heat from the inotor cooling circuit,
reheating measures are required. such as electrical resistance
heaters (PTCJ or fuel consuming heaters. A more efficient
possibility ofheating the air for the passenger space is a heat ls
pump with air Bs a heal source, whcrcm lhe relngcrmil
circuit is uscxl both as thc sole heating device and also as thc
It:lli Bliilg IUCBSUIC.

'lite air-air heat pumps known in the art v hich are
desioned for the combined chiller and heat pump nxlde and io
also for the heating mode, absorb heat from the environ-
mental air.

Heal pump systems tn wluch thc energies can be
exchanged between the rcfngccdnt and lhc air Ibcqucnlly are
unablc to sunultaueously dchumidil'y Bnd heat the mr sup- ss
plied to the vehicle 'I'his has the consequence that the air
conditioniim systenl of a motor vehicle cannot be operated

IISiiig CIICiilaliilg Bii itl 10w Cnviroiltllcilldl tCtilpcl'itlUIL'S. Iil
the case of an operation using circulatin air. the air circu-
latcs back out ol Ihe passcngcr space. Duc to thc dclicienl
dehuniidification function. the remaining air humidity as
well ds lllc w B tel cilliiildliiig frolu tile occiipiiilm 111 lllc lonli
of vapor would lead Io fogging, of the wmdshields.

In conventional air conditioning systems, at environmen-
tal temperatures above 20" ('.. once the thernlal comfort has
been reached. the air supplied to the passenger space is
cooled to approximately g'. to 10'., dchumidtlicd tn Ihe
process. and subsequently heated with low heating power to
thc desired supply mr tcmperaturc. Thermal comfort
includes, for example. a target tenlperature filr the passenger
space of approximately 20'. Io 2fi'.

(ilycol-air heat punips use the coolant of the combustion
engine. which usually corresponds to a water-glycol mix-
ture, as a heat source In the process, heat is removed from
the coolant. Consequently. the combustion engine is oper-
ated fiir a longer lime pcnod at low lcmpcralures. wluch has
a negative effect on the exhaust as emissions and on the
liicl consumption. Duc lo the uilcnnitlenl opcrauon of Ihe
combustion engine in hybrid vehicles, a sufficiently high
coolant tcmpcrauirc is not reached in thc case ol'longer trips.
lior this reason, the start-stop operation of the combustion
engine is intcrruplcd dl low enviromnental Icmpcralures.
'I'he combustion engine is nol sivitched off

In Herman Pat. Appl. Pub. No. DE 10 2010 024 775 Al,
a device for air conditioning vehicles is described, which can
be operated both in the heating and also in the cooling mode.
Thc device comprises a relhgerant circuit, which comprises
a themial environmental module v,ith a condenser for the
heal Iranslcr lo lhe emiroiuncnlal air. a lhcnnal inlerior
module with mi evaporator, and a heat register for treating,
supply atr I'or the passenger space, aud an expansion module
with an expansion valve and with a compressor for com-
pressin the refrigerant. In addition. the device is desi ned
v ith a thiid heat exchanoer, ivhich is connected in a shiftable
manner to a fluid circuit that is independent of the refrigerant
circuit. The components c;m be svsttchcd with aul of valves
so that the refrigerant can admit heat in the heating mode via
thc cotuicwlablc llutd heat exchanger or thc coudcuscr ol'hc
ambient module, or via both. which m turn can be exchanged
with the uwcrlcd condensation cncrgy vui thc passenger
compartment module lo Ihc passenger-compartment fi:ed atr.

SIJMMARY OF THE INVENTION

Thc purpose of im cmbodimcnt of the prcscnt uivmitton ts
to provide an air condiuonmg system with an air distnbuuon
system, which can be adapted to ditferent installation spaces
with simple means, in particular to a high and shalloiv
installation space and is adaptable for use in different types
of motorized vehicles. It slmuld be possible to use the same
components in each case. The intenuon w lo minuntze thc
costs incurred, particularly for tlm dcvclopmmil, lite desi ui.
thc mamifacturc. theasscmbly. and the mainlcnancc.

An advantage of an embodiment of the present invention
is to further develop an air conditioning system with a
refrigerant circuit for different opemting modes. and to mal e
available a method for the opemltion of the reihigemlnt
circuit, 3stuch ts used, as a result of lite displaccmcnt of Ihe
relrigcrant ui Ihc rcfngcrdni circuit, lor lhc protection of Ihe
vchiclc occupants ui the case ofan cmergmicy. An Bdvmilage
is to ensure a high operating safety with minimal expense
and maximum comfort for the passengers ususo a small
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instdllauon space. and to bc able to operate the air conCh-
tionin system with maxinnlnl efliciency in various operat-
ing modes

'Ihe problem is solved according to an embodiment of the
invention by an air conditionin system for conditioning the
air of a passenger space of a motor vehicle with u refrigerant
clrmiil. The rcfrigcranl circuit compnscs a compressur, a
heal cxchmlgcr for Ihc heal cxchangc bet ween Ihe refn ermll
and the environment. and within a first secondary flow path,
and a heat exchanger for supplying heat froin the refrigerant Ia

to the air to be conditioned for the passenger space 1he
refrigerant circuit comprises. in addition, a valve armnge-
ment with a branch. formed in the flow direction of the
refrigerant at'tcr Ihc compressor. a valve arran ed between
the brmlch and thc heat exchanger for Ihe heal cxchangc
betiveen the refrigemsnt and the environinent. as well as a
valve arranged between the branch and the heat exchanger
filr supplying heat front the refrigemlnt to the air to be
conditioned for the passenger space.

According to an embodunent of the invention. Ihe valve lo
arrmlgcd betwccn the branch and Ihe heat exchmgcr for
supplying heat from thc rctblgcrmu lo thc mr to bc cond&-
tinned for the passenger space has a NO valve characteristic,
and the valve arranged between the branch and the heat
exchmlger for the heat exchange between the refrigerant and
the envirolunent has an NC valve characteristic. The refri-
erant circuit is. in an embodiment of the invention. Is
advantageously designed filr a combined clutter mid heal
pump mode as wcfl as for a reheatulg mode.

Accordin to an alternative embodiment of the invention, lo
the valve arranged between the branch and the heat
exchanger for supplying heat from the refrigemlnt to the air
to be conditioned for the passenger space is desi~ed with an
Nl 'alve characteristic, and the valve armsnged benveen the
branch and thc heat exchanger lilr Ihe heat exchange ls
belwcxn Ihc refngermlt and the envlronmcnl Is dcslgncd
with an NO valve characteristic.

1'he valve armsngement provided in the flow direction of
the refrigerant after the compressor can, in addition to the
arrangement of two separate 2-2-lvay valves, also be do

designed as a combination in a g-2-way valve.
According to unothcr cmboduuenl of lhc ulvention, thc

refrigerant circuit has au additional secondary flow path with
vahc. wtu:rcul Ihc tlow path extends, startm thorn thc

connection between the valve of the valve arrangement,
which is arranged in the direction of the heat exchanger for
the heat exchange betv een the coolant and the envirolunent,
and the heat exchanger itself. The flow path extends up to the
inlet Into the compressor. Thc valves of thc valve arrange-
ment mid salve of the sixondary ttois patlw are designed In o

a combination preferably as a 4-2-isay valve.
1'he problem is also solved by an air conditioning systenl

according to an embodiment of the invention with a refrig-
erant circuit desi~ed for a combined chiller and heat pump
mode as well as for a reheatin mode circuit which corn- Ss

pnscs a compressor, a heat exchanger for Ihc heal cxchangc
bclwoml thc rcthgcrant and Ihe envlromnenl, and a valve
Bnangcd between thc compressor and lhe heal exchanger.
Moreover. Ihe refrigemlnt circuit coinprises a second stx-
ondary flov path. which extends from a branch to an io
opening and is designed with a heat exchanger tilr supplying
heat front a coolant of a motor cooling circuit to the
ret'rigcranl ot'he refngcrmlt circuit ds well as with an
upstream expansion device. The rctngerdnl circull further
conlprlscs iul huuu hcdl i xch ulgcl tol i xchangulg hcB! final Ss

the high-pressure side to the low:-pressure side of the refrig-
emnt circuit.

According to a design of Ihe invention, thc branch mid thc
opening of the second secondary flow path as v ell as a third
secondary liow path arc arranged with an addiuonal valve in
such a manner that the inner heat exchanger is active in the
clutter mode and umcln e or active in the heat pump mode.

According to an alternative embodiment, the refrigerant
circuit ls designed in such a nlanner that the inner heat
exchanger is inactive in the heat pump mode, that is to say
no heat is exchanged in the inner heat exchanger

Thc brmlch of thc second secondary tlow path on Ihe
hi h-pressure side and the openin on the low -pressure side
arc arranged In thc flow direction ot'he refmgcrant ul thc
heat pump mode in each case either after the inner heat
exchanger or bcforc Ihc inner heat exchanger. Iu adihnon, a

tlurd secondary flolv path ivith the valve extends starting,
from the connection between the valve of the valve arrange-
ment, which is arranged in the direction of the heat
exchan er for the heat exchange between the refngerant and
thc mlvlronmcnb aml lie heal exchanger itsclt; up to thc ullel
into the compressor. The tlurd secondary flow path opens on
the low-prcssure side ullo the coolant lute arranged between
the inner heat exchan er and the compressor

According to a further embodiment of the invention. the
coolant circuit is designed in such a nlanner that the inner
heat exchanger is active in the heat pump mode. that is to say
heat is exchanged in the inner heat exchan er.

Thc branch ot'he second secondnry liow path Is arranged
iu the flow direction ot'hc ret'rigerunt of thc valve armngc-
ment m the heat pump mode after the inner heat exchanger
at lugh pressure, and the opening is arranged before the imler
heat exchanger at low pressure ln addition, the third sec-
ondary flow path with a valve extends starting 1'rom the
connection between the valve of the valve arrangement,
which ts dlriulgcd ul lhc dllccllon of flli: hcdl cxchangcl fol
the heal exchange bclwccn Ihe refrigerant and Ihe cnvlnnl-
meul, and lhe ical exchanger ilselti up lo thc inlet inlo Ihe
inner heat exchanger. '1'he third secondary flow path thus
opens on the loiv-pressure side into the refrigerant line
leadln to the inner heat exchanger.

The problem is solved by means of an air conditioning
device according Io ml cmbodimcnt ot'he ulvcntlon for
conditioning thc air ot'a pnssenger spuce of a motor vchmle,
compnsing a refrigerant circuit with a heat exchmlger tbr
supplying heat fmm the refriuerant to the air to be condi-
tioned for the passenger space.

According to the embodiment of the invention, the heat
exchan er is designed in a single row and with a depth in the
range from 10 nuu lo 20 mm as well as 1'or Ihe transmission
of a power of up lo 7 kW The depth of thc lmdt exchanger
here refers lo thc extent of lhc heal exchanger ul thc liow
direction of the air '1'he depth is thus obtained fmm the
extent perpendicularly to the base area of the heat exclmnger,
wherein the base area denotes the area perpendicular to the
tlov direction of the air. that is to say the area ttuough wlfich
thc dlr flows ului thc hcdl cxchangi:I or out ot lhc hi:dl
cxchangcr. Thc depfll of the heal exchanger ctm bc 12 nun
to 20 nun, and il is optimtdlxt in a manner specitic Io a oven
vehicle in the range from 10 nlm to 12 nlm

According to an embodiment of the invention, the air
conditioning system comprises a motor cooling circuit with
a heat exchanger for supplying heat from the coolant to the
air lo bc conditioned for the passmlgcr space. Thc heal
i:xchiulgcr Is iuldngcd hl flli: tlilw dlri:ctlon of thc air lo be
condinoncd for the passenger space and Is In a row with Ihe
heat exchanger for supplying heat front the refrigemlnt to the
air to be conditioned filr the passenger space. 'the heat
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i:xchdngc& through which thc cool&&at flows ls BISBngi'.0

before the heat exchanger through &vhich the refrigerant
flow s.

'lhe heat exchangers preferably have base areas of the
smnc d&mcnsions. The base areas of lhc difli:ren! heal
exchmigers are arranged with the seine mutual orientation

According to an embodnnent of the invention. the base
areas of the heat exchangers have base areas that diifer frnni
each other. The heat exchanger for supplying heat from the

I I&

coolant io the a&r to bc comhl&oned lor lhc passenger space
is advantageously designed with a depth in the range fmm
30 nun io 55 nun. Herc, a depth of30 nun to 45 nun &s

preferred
11&c problem &s solved w&th an a&r condiuonmg device

accordin to the invention for conditioning the air nf a
passenger space of a motor velflcle. with a refrigerant circuit
and a Inntor cooling circuit The refrigerant circuit conl-
prises: a compressor as well as a heat exchan er for the heat
exchange bctwcm& thc rel'ngcmnl and Ihe cnv&ro&uncut. with Ii&

a valve on one side„nnd a valve arranged between the
compressor and lhc heal exchanger: a ho&l exchanger for the
heat exchan e bet&veen the refrigerant and the air to be
conditioned for the passenger space. with a valve upstreani
in the flnw direction of the refrigerant; a receiver: a hrst
secondary flow path w&th a valve as well as a heat exchanger
for suppiyin heat from the coolant to the air to be condi-
uoned for the passcngcr space: a second secondary flow path
with d heal exchanger for supplyui heal from a coolant of
a motor conling circuit to the refrigerant of the coolant ic
circuit, and a valve, a third secondary flow path v ith a valve,
wherein the tlow path extends starting from the connection
between the valve armnged in the direction of the heat
exchanger for the heat exchange between the refrigerant and
thc cnviro&in&cnL Bnd the heat cxchim cr &tscll, up to thc inlet is
into lhc compressor, aud an &nner heal exchmigcr for
cxchanguig heal 1'rom thc lugh-prcssure side lo lhc low-
pressure side of the refrigerant circuit '1'he motor cooliag
circuit comprises a heat exchanger for the heat exchange
from the coolant to the air to be supplied to the passenger du

space as well as a valve.
According to unothcr cmboduuenl of lhc u&vention, thc

heal axehm&gcr for thc heal exchmige bet w iicn lhc refn germ&l

dnd Ihc env&ronmenl &s arranged in a fnuu arm& of Ihe motor
vehicle. 1'he valves formed around the heat exchanger for d

the heat exchange between the refrigemsnt and the environ-
ment as well as the valves of the first and of the third
secondary flow path as well as the receiver are provided in
thc arcs of a whccl case ol'he moior velucle. The valve
posit&oncxl upstream &n lhc flow ihreclion of lhc refn erm&l o

ol Ihc heal exchanger lor lhe heal exchange bclwiun the
refrigerant and the air to be conditioned fi&r the passenger
space. the valve of the second secondary flow path as well
as the valve of the motor cooling circuit are arranged &n nn
area of the rad&ntor tank of the motor vehicle. The heat &1

exchanger for the heat exchmigc between Ihc refn eranl and
the mr io bc cond&tioncd for thc passenger space of thc
refrigerant c&rcuu aud of lhc motor cooling circuit arc
accon&modated in an air conditioning, apparatus

Accordin tn an embodiment of the imention, the heat ic
exchanger of the second secondary flow path is arranged
with the associated valve in the area of the radiator tank of
thc motor vehicle.

According to a furllmr cmboihmciu of Ihe uivenlion. the
inner heat exchanger aud thc heal exchanger of thc second ss
secondary flow path are arranged with the associated valve
in Ihe area nf the wheel case of the Inotor vehicle

Thc heat cxchangcr for supplying heat 1'rom thc coolani to
the refrigerant in the second secondary flow path of the
refrigerant circuit and the heat exchanger for the heat
exchange from the conlant tn the air to be supplied to the
passen er space are advantageously connected parallel to
each other in the nu&tor cooling circuit by flow technolo y
and they arc prcfi:rdbly arranged so that they can each be
scq&aratcd from thc motor cooluig c&rcu&t v&a a valve or a
three-v sy valve

According to an advantageous embodinient of the inven-
tion, the products of the inner volumes and the densities of
the refngerant on the high-pressure side and the low-
pressure side of the refrigerant circuit are equal.

Thc method according lo an embodunm&t of thc uivent&on
for opcrdtu&g B rcfrigi:ldnl I:ac&i&i of Bn Bir conihlionuig
system ti&r conditioning the air of a passenger space of a
motnr vehicle, v,herein the refngerant circuit coinprises a
compressor, a heat exchan er for the heat exchange between
the refn erant and the environment„and a heat exchanger
for supplying heat froni the refrigerant to the air to be
condign&oned ihr thc passmigcr space, composes thc follow-
iug steps. dclectui an emergency by means of a veh&cle
environment sensor system and,'or a vehicle communication
and sv itching off the compressor

According to an embodiment of the invention, the refrig-
erant circuit is designed for a combined chiller and heat
pump mode as &veil as a reheating mode, and it comprises a
valve arrangemcnt ammgixl in the flow d&rect&on of thc
rcfngcrdnt aficr the compressor. The valve arrangement
comprises a branch. a valve arranged between the branch
and the heat exclmnger for the heat exchange between the
refrigerant and the environment, as well as a valve arranged
between the branch and the heat exchanger for supplyin
heat from the refrigerant to the air to be conditioned for the
passcngcr space. Thc refrigerant circuu &s opcralcd advan-
tageously &n such a mtutner that thc heat cxchangcr &s

exposed, li&r the heal exchm&gc bctw ceo the rcfngcranl and
the environment, to refrigemsnt having a pressure that devi-
ates from the high pressure The method prefemsbly com-
prises the foilowing additional step; opening of the valve
arranged between the branch and the heat exchanger for the
heat cxchangc betw emu the rcfrigcrani and ihc cuv&ronmenL
wh&lc thc valve arrdngml bclwemi thc branch m&d ihe heat
cxchangcr fi&r supplying heal from thc rcfrigcrani to the air
to be cnnditioned for the passenger space &s opened.

liy way nf the displacement nf the refngerant from the
heat exchanger for supplying heat from the refngerant to the
a&r to be conditioned for the passenger space through the
valve arrangement, thai &s lo say fluough thc opcncd valves
and via thc branch into thc heat exchm&gcr ihr thc heal
exchange bctwccn Ihc relh&geranl and lhc env&roiunenl, Ihe
high pressure in the heat exchan er arranged In the supply
a&r flnw to the passenger space is reduced

The heat exchan er for the heat exchange between the
refrigemnt and the environment has two connection sides for
rcfrigc&dnl hncs, v'bc&eh&. Cn II flrst connccholi sidim lhc
valve of Ihc valve arrangmnmit is arranged. m&d ou a siuond
connccuon sidcx iin ildihliondl v i&1 vc Is Brrdngixl. Thc valve
of the second cnnnection side of the heat exchanger is
advantageously opened. so that an additional voliune of the
refri erant circuit is available for the dispLacement of refri-
emsnt.

Addit&onal advantages of lhc refngcrant c&rmiit of thc air
condil&otung system according to m& cmbod&ment ol Ihe
invent&on compared to thc prior ari cau be suinmaridcd as
follows: rapid provision of hot a&r in the case of loiv
environmental temperatures and cold coolmg water of the
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motor cooluig c&rcu&i, reheating mode whereui Ihc healing
power of the reheating device is lower than the refrigeration
capac&ty of ihc evaporator, suuple, rehablc, and cnerget&-

cally optimal operation, m parncular in the heat pump ntode,
includ&ng duruig thc startup of ihc system, w&th regard io thc
power. eflic&micy and comff&ri to bc provided. maximum
usch&l l&fc of thc a&r cond&i&ouulg svsli:ul, n& pa&ticiilar iluc
to a niinimization of switching processes; and minintal
disturbing noises

BRIEF DESCRIPTION OF THE DRAWINGS

Additional deta&ls, features and advantages of the inven-
tion result from the follov in description of embodiment
examples m reference to the associated dmwings. The
figures sluiw the air conditioning system ivith the refrigerant
cu cuIL

FIG. 1 &llustrutes au a&r condit&o&ung system w&th the
refrigerant circuit in the chiller mode as well as in the ntode
for dehumidifying and heating the air;

FIG, 2 illustrates an air conditionin system with the
refrigerant circuit in the heat pump mode with environmen-
tal air as heat source as v ell as in the heat pump mode v. ith
coolmii of ihc motor cooling c&rcuit as heat source,

FIG. 3 illustrates au air condiuonu&g system w&th thc
refrigerant circuit in the mode for dehumidifying and reheat-
ing the air with additional heat release to the em ironn&ental
air;

FIG. 4 illustrates an air conditioning system with the
refrigerant circuit in the mode for dehumidii'ying and reheat-
ing ihe air with ad&hi&onal heat uptake from Ihc molor
cooluig circu&t,

FIG 5 illustrates an air conditioning system with the
refrigerant circu&t in the defrosting mode;

FIG 6 illustrates an air conditioning system with the
refrigerant circuit as an arrangement in the motor vehicle
&vith an inactive inner heat exchanger in the heat pump
modes according to FIG. 2 as well as in ihe mode for
dcluunid&fyuig and rchcai&ng the mr according to FIG. 4; and

l1Ci 7 illustrates an air conditioning system with the
refrigerant circu&t as an arrangement in the motor vehicle
with an act&ve inner heat exchanger in the heat piunp modes
according to FICi. 2 as well as in the mode li&r dehumidifying
and reheating the air accordmg to FICi. 4.

Dl:1AII,I:D DIIS('RIP'I'ION OF IIXI&MPI ARY
EMBODIMENTS OF THE INVENTION

lite following data&lcd descnpi&on and appcndcd draw-
ings descr&bc and illustrate venous exemplary embodiments
ol'he invmition. Thc dcscnpt&on mid drawings serve Io
enable one skilled in the an to make and use the invention,
and are not intended to 1&mit the scope of the invention in any
manner.

In FIGS 1-5. an air conditioning system 1 ii&r a motor
&chicle with a rclhgerant c&rcuit 2 imd a motor cooling
c&rcuii, or miginc cooling ctrcu&L 3 is riprcsentcd ui d&ficrm&i

opcrai&ng modes.
In addition to an evaporator 4, a compressor 5, a heat

exchanger 6 operated as a condenser/gas cooler, a rece&ver
7. Snd an expans&on valve 16. arranged one after the other in
the flow direction of the refri erant in the chiller mode,
winch is shown w&th arrows drawn w&th broken luies &n FIG.
1. 111e rclrigerunt c&rcuii 2 also comprises an inner heat
exchanger 8 The u&ncr heat exchanger 8 denotes a circuit-
intemal heat exchanger. which is used fi&r the heat exchange
bet&veen the refrigemnt at high pressure and the refrigerant

ai low prcssure. For cxmnple, on thc ouc hand, thc liquid
refrigerant is huther cooled after the condensation and iu1

the other hand, the suction gas is overheated before the
compressor 5

A cutoff valve or check valve 19 prevents the flow of the
refri erant from the direction of the valve 16 into a heat
exchanger or heat register 11. In the oppos&tc flow direct&on,
the cutofl'alve 19 is pcnncable.

If the liquefaction of the refrigemnt occurs at bein&v-
ia cnt&cal operation, for exmuple, with the refrigerant R134a

or, under certain environn&en&el cond&tions w&th carbon
dioxide. the heat exchanger 6 is referred to as a condenser.
A portion of the heat exchange occurs at constant tempera-
ture. At above-crit&cal opera&&on. or rcspcci&vcly, ai abovc-
cnt&cal heat release in thc heal exchanger 6, the Icmperaturc
of the refrigerant decreases steadily In tins case, the heat
exchanger 6 is also referred to as a as cooler Above-critical
opemtion can occur under certain env&ronmental conditions
or &n certain operating niodes of the air conditioning system

Io 1. for example. &vith the refrigerant carbon dioxide.
For Ihc s&nn&lianeous cooling and dchum&d&fying as well

as healing of Ihc supply air for Ihc passcngcr space, also
referred to as reheatin, and marked in I&l(i I on the basis
of the tioiv direction of the refrigerant &vith arrows drawn
with solid lines, the refrigerant circuit 2 of the a&r condi-
tioning system I comprises secondary paths w&th additional
con&pone&tis.

At thc outlet of the compressor 5. u branch 24 &s formed.
Bctwccn Ihc branch 24 and the haut exchm&gcr 6, an addi-

so tional cutotf valve 14 is arranged. which is closed A first
secondary flow path extends from the branch 24 to the
branch 26 at the outlet of the expans&on valve 16, and, in the
flow direction of the refrigerant starting from the compressor
5. it comprises an opened cutofl'alve 13 as well as a heat

Is exchanger 11, also re(orreal io as hcut reg& ~ icr 11 and &I

liillills Ihc funci&on of a second condenser/gas cooler.
Thc lirst seconds&y flow path opm&s bc&ween the expan-

sion valve 16, v,hich is closed. and a valve or evaporator
valve 9 into the refri erant circuit. After the cooling or the

so condensation in the heat register 11„ the refri erant expands
as &t ik&ws from the valve 9 to a cutoff valve or check valve
20 m&d an uuier heat cxclmngcr 8 back to thc compressor 5.
Thc cuiofl'alve 20 &s used to prcvcnt rcfngcrant collect&on
iu the evaporator 4 dur&ng Ihc operation &n thc reheat mode.
'I'he mner heat exchanger 8 is exposed to through-flow only
on the low-pressure side and it is mactive I'he air floiving,
over the evaporator 4 is delnuuidified and/or cooled. and
then heated again by the heat register 11. The heatin power
here &s composed ol'hc powers suppl&cd ui thc evaporator

o 4 and &n the compressor 5 io thc rcfngcrant.
W&tlun the motor cool&ng c&rcuit 3, thc coohmt, prcl'crably

a water-glycol mixture, is circulated benveen an engine or
nx&tor 21 and a heat exchanger 12 In the heat exclmnger 12,
which is also referred to as a heat&ng exchanger, the heat

ss released by the nuitor 21 is transferred to the air to be
supplied io the passcngcr space The heat cxchimgcr 12 is
dcs&gucd as a glycol-mr heat cxchungcr.

Thc tlow paths of thc motor cool&ng c&rmiii 3, wluch arc
connected in parallel, are opened or closed by means of

io cutofl'alves 22. 23, &vherein each flow path &s fi&rmed ivith
the cutofl'alves 22. 23, and can thus be sv itched separately.
In the operating mode described in FICi. 1. the cutofl'alve
23 w opened. Thc cutolf valve 22. wh&ch has a flow path w&fli

a heat cxchangcr 10 I'or transfcrnug hou rclcascd by Ihe
ss motor 21 to Ihe cvaporaung rcfngcrant &n Ihe rcfrigcrmii

c&rcuit 2, is closed There is no flow thmugh the heat
exchanger 10
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llic air which has bccn auctioned through a blovcr. which
is not shov n, is led in the floiv direction tirst via the
evaporator 4. subsequently via the heating exchanger 12 and
then via the heat register ll, before it fkiws into the
passenger space. The heat exchan ers 10. 12, 11 are conse-
quently arranged in the indicated order one after the other
with regard to thc air to bc supplied to thc passcngcr space,
and dcpcnding on thc demand rmd the operatm mode, they
are switched on or off. Alternatively. the heat register I I can
also be arranged in the flow direction of the air behind the
heating exchanger 12

In the case of low environmental tempernnlres, the pas-
senger space needs to be heated, which can be achieved by
means of tlu: Bir conditioning system 1 according to FIG. 2

wluch can bc operatixl in thc healing or heal pump mode.
lil(i. 2 shoivs the refrigerant circuit 2 in the heat pump ntode
with environntental air as heat source as well as with coolant
of the motor cnoling circuit 3 as heat source

Besides the first secondary flow path described in rehstion
to FIO. 1, a second secondary fiow path extends from a
branch 25, vshich is arranged betwimn Ihc hmit exchanger 6

or dn upstream valve 17 and thc rimmvcr 7, up to the opening
27 at the inlet into the contpressor 5 'I'he secnnd secondary
floiv path consequently opens between the inner heat
exchmiger 8 and the contpressor 5 into the refrigerant circuit
2. Bnd it comprises an expansion device 18 desi@ted as an
expansion valve as v ell as a heat exchanger 10. The heat
exchanger 10 can bc exposed. on the onc hmld, 10 lhc
lluough-flow of a rcfngcrant and, on lhc other hand, lo thc
through-liow of the coolant of the motor cooling circuit 3.
On the refrmerant-side. the heat exchanger 10 is operated as
an evaporator. so that, depending on the operating. ntode,
heat is transferred from the coolant to the refrigerant. The
heat exchanger 10 is also referred to as a clfiller.

A third sccolularv flow pdfll with d culofl vlllvc 15
coriiu crs lire si ctioil bi lw ceil flic cut rdl valve 14 aixl lhc hcBI
cxchrlilgci 6 lo fllc iiilct ol lhc coluplcsslir 5.

In the heat punip mode of the air conditioning systent I,
the valves 9, 13, 14 are switched in such a manner that the
refrigerant mass flow after the compressor 5 is led tluou h
the first secondary flow path and thus through the heat
register 11 desi ncd as a second condenser/gas cooler. as
w cfl as Ihc valve 16. Thc flow ihrcclion of the rclhgcrant is
indicated by arrow s, whcrcin thc arrois s drawn with broken
lines shoiv the flow directiim of the refrigerant in the heat
pump niode with air as heat source and the arroivs drav n
with solid lmes indicate the flow direction of the refrigerant
in the heat pump mode with the coolant of the motor cooling
circuit 3 Bs heal soilrcc.

lite culofl valve 13 is opcncd. wlule lhc milofl valve 14
is closed. In thc heat register 11, heat is rclcascd by the
refrigerant to the air to be supplied to the passenger space.

1'he valve 9 is closed. in order to separate the evapomstor
4 by flow teclmology from the refrigerant circuit 2. Since the
inner heat exchanger 8 is exposed to floiv only on one side,
no heal is exchanged herc. The inner heal cxcllan cr 8 is
inactive.

llic section of the prunary relrigeranl circuit 2 extending
fmm a bmnch 26 to the opening 27 is in fact not exposed to
the flow of refrigemont llowever, it is open so that a
deposition of refrigerant and oil can occur. In order to
prevent this deposition„ the cutoff valve 20 is arranged in the
flou direction of thc rcl'ngcrdnl aficr lhc evaporator 4.
Alicmalively, Ihc culofl valve 20 can also bc arrangu! after
thC illilcl hcdl CSChrlilgCr 8

Depending on the armsngement of the components in the
nioror vehicle. the inner heat exchanger 8 can alsn be

exposed lo active duough-flow without thc usc ol addiuonal
components, in particular additional valves

In the heat plunp mode v ith air as heat source, the
refrigerant undergoes a pressure decrease entering the two-
phase region, as it flows tluough the expansion valve 17 to
a pressure level corresponding to the enviroiunental tem-
pcraturc. Subsequently. in the heat exchanger 6 oper@lost Bs

an evaporator, heal is Ir;msfcrrcd from the environment lo
the refrigerant I'he air conditioning system I absorbs the

lo heat front the enviroilmental air 1 he refrigerant niass floiv
is led, after exiting the hear exchanger 6, through the third
secondary flow path and the opened cutofl'alve 15 to the
inlet of the compressor 5. The refrigerant circuit 2 is thus
closed.

In Ihc motor cooling circuit 3. the coolant is circulalcxi
between the motor 21 and the heating exchanger 12 'lhe
cutofl'alve 22 is closed. ivhile the cutoffvalve 23 is opened
'I'he coolant tints flows exclusively thmugh the heating,
exchm er 1Z. so that the heat released at the motor 21 is

io trmlsferred exclusively to the air to be supplied to the
passcilgcr spBcc.

Thc heal exchanger 10 in thc process is nol exposed lo
through-tioiv of refrigerant or coolant i he valve 18 is
closed Any refrigerant and oil that nonetheless have col-
lected in the case of correspondin operating conditions can
be expelled by briefiy opening the valve 22 and thus
applyulg hot coolant of the motor cooling circuit 3 to the
heat cxclmngcr 10.

In lhc heat pump mode with Ihc coolmit of Ihe molor
io cooling circuit 3 as heat source. the refrigerant, as it flows

through the expansion valve 18, undergoes a pressure reduc-
tion entering the two-phase region. to a pressure level
corresponding to the coolant tempemsture Subsequently, in
the evaporator 10, heat is nmlsferred from the coolant

is clrclllBlcd ill lhc iliolor coolillg circuit 3 lo flm refrigerant.
The air conditioning system I absorbs heat from thc motor
cooling circuit 3. Thc rcfrigcranl muss flow is suclioned
from the evaporator 5 after exitiim the evaporator 10. The
refrigerant circuit 2 is closed.

do In the motor cooling circuit 3, the coolant ls circulated
between the motor 21 and the evaporator 10. The cutofl'alve

22 is opcncd. In lhc case of thc simultaneously closod
culofl'alve 23, Ihc coolmil flow s exclusively duough thc
evaporator 10, so Ihal Ihc ical rclcascxt at thc motor 21 is
transferred exclusively to rhe evaporating refngerant in the
refrigerant circuit 2 1'he heariim exchanger 12 is then not
exposed to tluough-floiv of coolant. Alternatively, besides
the cutoff valve 2Z. the cutofl'alve 23 can also be opened.
The coolant then flows in parallel both tluough flm cvapo-

o ralor 10 and also tluough the heating cxchangcr 12, so that
the heal rclcascxI at Ihc motor 21 is lrmisferred both Io Ihc
refrigerant and also to the air to be supplied to the passenger
space 'I'he size and thus the power of the heat exchanger 10,
11. 1Z are adapted to the respective operatin mode of the air

s. conditioning system 1.
Thc expansion valves 16, 17. 18 can bc operated in

accordance with lhc required lilling quantity of rel'ngcr mt in
thc clullcr and hmil pump mode. In the case ol' dclicicncy
of refrigerant in the heat pump mode, the refrigerant can

io already have undergone a preliminary pressure reduction as
it fiows tluough the expansion valve 16. The refrigemsnt then
has n lower density, and the tilling quantity of a reibigemsnt
in the rccciver 7 is rixiuced.

Dcpcnding on lhe hcai pump mode with dilfi:rent heal
os sources, thc expansion vali cs 17, 18 arc alternately closed or

opened, so that either the heat exchanger 6 or the heat
exchanger 10 is exposed to tluou h-flow of refrigerant,



US 9,908,383 B2
12

wlulc in each case thc other heal cxchangcr 6, 10 is nol
exposed to flow. Alternatively, the two heat exchanaers 6. 10
can also be exposed to flow of refrigerant, so that both the
environmental air and also the coolant of the inotor cooling
circuit 3 can be used as heat sources.

During the operation of the air conditioning system 1. for
cx unple, whmi switching bclwcen thc heal pump modes, or
also duruig an nile-slate ol Ihe air condinomng system I,
refrigerant can be displaced in the components of the
refrigerant circuit 2, for exatnpfe. into a component that is ic
not exposed to active through-flow of refrigerant 'I he dis-
placement of refngerant can. however, lend to a deficiency
of refrigerant in a subsequently set operatin mode.

In order lo prevent B refrigerant deficiency al lhc start-up
of thc air condiuoruug system I, Ihe culofl'alves 13. 14
have a suitable valve characteristic, and they have an NO
characteristic or an N('haracteristic A valve with an NO
characteristic. in the unswitched and thus uneneraized state,
is "open.*'here NO stands fiir "normally open." A valve
with an NC characteristic, in the unswitched. unenergized zo

slate, is "cfoscxf." Herc NC stands liir "normally closcxf."

By means of thc design ol'hc valve 13 with NO clmrac-
teristic and the valve 14 with N('haracteristic. one prevents
that. immediately after switching off the air conditioning
system I, refrigerant collects from an opemtion in the heat
pump mode in the cold heat exchanger 6. and that. subse-
quently. when the air conditioning system I is resmrted. Bn
insufhcient quantity of rclyigcmnl is available. especially in
Ihe heal pump mode with coohml as heal source.

In addition, it is advantageous to design the valve 0 v ith ic
NO characteristic, because in that case. refrigerant that has
collected in the section of the refrigemnt circuit 2 extmiding
front the branch 26 to the opening 27 is auctioned in each
operation mode tluough the compressor.

lite salves 13. 14, ui Ihe rcprcscnled embodiment. are ii
designed as 2-2-way valves. The valves 13, 14 consequently
cacii lidvc Iwo coiliicctioiis Bird Iwo swilchliig posilioiis.
Alternatively, the valves 13, 14 are also designed in a
combination as a 3-2-way valve or, with the additional
inclusion of the valve 15. as a 4-2-way valve. with the smne do

valve characteristics of the valves 13, 14, 15.
In addition. the uiner volumes of Ihe fluid-carrying linc

sccnons. or the linc simli one exposed lo refrigerimt m Ihc gas
phase. and componmils ou thc high-pressure side and thc
loiv-pressure side of the refrigerant circuit 2 are adjusted as
a hmction of the operating mode and as a function of the
state of the refngerant in such a manner that an optimal
filling quantity for all opemting modes ic ensured.

Iii iiii ciiicrgciicv, llial is, Ioi c'xaiiiplc. iii cdsc of Bii

acmdent or a calculated prcxftction ol an accident by a dnvcr 0

assistance smisor systmu or a vehicle cnviroinnmil sensor
system in connection with the vehicle communication. the
compressor 5 is switched off independently of the refrigerant
circuit 2 used and independently of the operating mode used.
In the heat pump mode and in the case of the simulmneous i.
configurauon of'a split in thc flow ol'hc relbigcrmit afier thc
compressor 5, iu Ilm case of accidcni detection, lhc valve 14
is opened addiu one fly with thc valve 13 bcuig open, m order
to clearly reduce the high pressure in the heat register 11. and
thus prevent exposure of the occupants to hazard due to hot ic
hi h-pressure refrigerant and the refrigerant itself. Due to
the opening of the valve 14. the high pressure in the first
secondary flow path is dixreased abniplly Irom the outlet of
thc compressor 5 through thc valve 13 dnd lhe heal register
11. to thc expansion valve 16, suice thc refngcrant uilo the si
"cold" heat exchanger 6. which. depending on the heat pump
niode. is either operated as an evapomtor or environnlental

air flows around il without function. Thc exposure ol'hc
occupants in the passenger space to a hazard. due to hot
relngcrant that is exposed lo high prcssure ui Ihc heal
register li, which is arran ed in the supply tlov: to the
passenger space, is drastically rcduccd. Even aflcr an acci-
dent has been prevented. the air conditioning system I can
be restarted in a simple manner. after sv itclung off the
compressor 5 and opening of the valve 14

In addition. in special cases, in a case of an emergency, the
possibility also exists of closing Ihc valve 15 ui Ihc third
secondary flow path as a connection to the inlet of the
compressor 5, in order lo displace the refngcraut from thc
first secondary floiv path exclusively into the heat exchanger
6, and avoid a displaccmmil into thc evaporator 4. The
displacement of the refrigerant into the evapomtor 4 is also
prevented, in the case of the refrigemnt circuit 2 according
to I'l(i 2, by the cutoff valve 20 Moreover, the expansion
valve 17 can be opened, in order to make available a larger
volume lor Ihe refrigerant exiling Ihc first secondary flow
path.

FI(i 3 shows lhe mr conditioning system I with Ihe
refrigerant circuit 2 in the mode fiir delnunidifying and
reheating the air ivi th additional heat release to the envimn-
mental air. 'I'he refrigerant mass flow compressed in the
compressor 5 to a lfigh pressure is led by means of the
opened or partiaily opened cutofl'valves 13. 14 both into the
liciil cxcliaiigcr 6 Bcliiig ds d coiidciiscr/gris coolcl Bird also
into lhc heal rcgistcr 11. In ihe heat exchanger 6 and Ihe heal
register I l. the refrigerant releases heat to the air, in the heat
exchanger 6 to the environmental air. and in the heat register
I I to the air to be supplied to the passenger space

Before flovving tfuougvt the evaporator 4, the tv o partial
mass flows of refrigerant are combined and subjected to a
prcssure rcducuon. Tire inner heat exchanger 8 is acuvc and
il is exposed on both sides lo refrigerant

By means of'hc portions of the parual mass flow s. or Ihe
sphtting up of said floivs after the compressor 5, one sets the
pmportion of the power supplied in the evapomtor 4 and in
the compressor 5 to the refrigemnt as heat for reheating the
air for the passenger space, wluch has been dehumidified
and/or cooled in lhe et aporalor 4. Thc remauiing power is
released as heal to thc cm iromnmit.

In FIG. 4, thc iur condilionuig system I with thc refrig-
erant circuit 2 is represented in the mode for dehumidifying,
and reheating the air ivith additional heat uptake from the
motor cooiing circuit 3. The refri emnt mass flow com-
pressed in the compressor 5 to a hi h pressure is led by
means of the opcncd cutofl'i alve 13 and ol'hc cioscxf cutoff
valve 14 exclusively enough thc heat register 11. The
relrigciditl titus Iclcdscs all flic siipplicd povvci Bs liest 10 lite
air to be supplied to the passenger space.

At the outlet of the heat recister 11, the refrigemnt mass
flov is split into two partial mass flows by the evapomtors
4. 10. In the evaporator 4, the refngerant absorbs heat from
thc air to bc supphcd Io the passenger space and/or dchu-
midilics thc air. In lie evaporator 10, heat from thc motor
cooling circuit 3 is supplied io Ihc rcfngcrann

'I'he partial mass flows of the refngerant are combined
again before entering the compressor 5 I he heat to be
released to the air to be supplied to the passen er space is
consequently composed of the combined powers at the
compressor 5 and the evaporators 4. 10.

Thc uuicr heat exchanger 8 is acuve, and it w exposed on
both sides to thc rcfngcranl, win:rcui thc parlnil mass flow
is cooled further or supercooled by the evaporator 10
cmifigured as refrigerant-coolant heat exchanger, and the
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parual nuiss flow ls superlmdtcd by the evaporator 4 after thc
evaporation. I'he inner heat exchanger 8 is operated here in
the co-current mode

In the motor coolmg circuit 3, the coolant, with the cutotf
valve 22 opened. is circulated between the motor 21 and the
evaporator 10. If. in addition to the cutoffvalve 22. thecutofl'alvc

23 is also opened, thc coolant flows ahcrnatlvely ln
pal'dllcl both through thc cvtipordtol I 0 Bnd B iso thr'ough thc
heating exchanger 12, so that the heat released at the nlotor
21 is transferred both to the refrigerant and also directly to ic
the air to be supphed to the passenger space.

In the switching positions of the air conditioniltg system
I represented in the different opemsting modes according to
FIGS. 1-4, thc air mass tlow to bc supplied to thc passenger
spdcc ciin bc hcdtcd both ds 0 flows over the hcln cxchangcr I

surface of the heating exchanger 12 of the motor cooling
circuit 3 and also as it flows over the heat exchanger surface
of the heat register I I of the refrigerant circuit 2.

When usmg a high-pov er heat register as heat register 11

having a base area sunilar to that of a PTC: hearer. that ls an zo

clccsucally opcrutcxt rcslstancc heater, and an uistallatlon
depth of 12 mm, a heat of up to 7 kW can bc trimsii:rred. so
that it is optionally also possible to omit the heating
exchmiger 12 such that the air conditioning system I can
also be designed without the heating exchanger 12 The heat
register 11 can have an installation depth of up to 25 nun

13ue to the lov, installation depth of the heat regisrer 11 of
12 nun, it is possible lbr tempcraturc ldyeung to occur. To
avoid such tcmpcruture laycrulg, ihe parallel opcrauon of thc
heating exchanger 12 and heat register ll is preferred, Ic
wherein the heating exchanger 12 is designed to be sntaller
111 lci'Irrs of Its hc,'0 ExchBilgc Brc;I;llxi thill iil tci'ins of Its
dimensions„ than in the case of sole operation. The area of
through-floii and the depth of the hestia. exchanger 12 are
smaller, that is the depth is less than 35 mm. fiir exiunple. Ii
Thc heat rcgistcr 11 and thc heat exchanger 12 are adlustcd
opiimdlly with respect to each other ui lcrnw ol lhclr powers
and diniensions A combination of a heating exchanger 12
and a heat register I I with an installation depth of up to 30
nml or of up to 25 nun, respectively. results in an ovemsll do

installation depth of the heating exchange 12 and the heat
register 11 of up to 55 mm, but prcfhrdbly up to 45 mm. and
in d maruler optunizcxt for a spccilic vcluclc up to 30 nun.

lhc heating cxchungcr 12 ls used ds a preheatcr of the mr
mass flow for the heat register 11 'lhe heat register I I and
the heating excltanger 12 are opensted sinniltaneously,
wherein the air mass flov is applied successively to the heat
re ister 11 and the heating exchanger 12. As a result, the
lugh-pressure ulcrcasc ln Ihc refrigerant circuit 2 ls sup-
ported,;md thc homogmlization of thc air temperature dis- c

tubution is unproved.
1he heat register 11 is adjusted in terms of its size to the

respective power. wherein as little supercooling of the
refrigerant as possible is ensured at the outlet of the heat
register 11. With regard to the displacement of the refnger- 11

dnt dnd thc sctllng of lhc uulcl volunlc wtfll rcspecl to thc
safety oi'hc air condltloiung system 1. the design has
substantuil advuntagcs aud, ul the case ol considerably
snialler inner volumes compared to conventional heat reg-
isters. it ensures an overall lower filling quantity during io
operation in the heat pump mode than the heat exchanger 6

as condenser during operation in the chiller mode.
FIG. 5 shows lhc air conditioning systems 1 with the

rei'rigcrant circuit 2 and the motor cooling circuit 3 ul the
deibostulg mode. Herc, the heat exchanger 6 whmh was si
previously operated as an evaporator is defrosted or de-iced.
'I'he refrigerant exiting the compressor 3 at high pressure and

at high tcmpcratures. m the case of the opened cutofl'alve
14 mid closed cutoff valve 13. is corn eyed through the heat
exchanger 6 In the case ofheat release from the refrigerant,
the heat exchange area of the heat exchanger 6, which is now
operated as a condenser/gas cooler, ls de-iced.

After the cooiant undergoes a pressure reduction in the
expansion valve 18. thc refrigerant in theevaporator 10
absorbs heat ffom thc motor cooluig circuit 3, mid lt is
suctimied by the compressor 5. In the motor cooling circuit
3, the coolant is circulated between the ntotor 21 and the
evaporator 10 ivith the cutott'alve 22 opened.

The vali as 9. 16, 17. 18 can also be desi ned as fixed
throttle 1 elves, depending on the operating mode.

Thc rccciver 7, v hicl is arranged ui thc lmhca ted cmbodi-
mcnts in the high-prcssure region ol'Ihc rcfugcrmit circuit 2.
can alternatively also be arranged as an accumulator on the
low-pressure side in the flow direction of the refrigerant
after the evaporator 4

The heat exchanger 6 can alternatively also be designed as
a condenser which is exposed to ivater.

In FIGS. 6 and 7, opumal drrangemmits ol'he rcfrigcrant
circuit 2 of thc air conditioning system I from FICiS. 1-5 in
a vehicle are represented In the arnsngement of the com-
ponents, in a front area 29. a ivheel case 3U, a radiator tank
31, and an air conditioning apparatus 32 can be seen. In the
arrangement according to FI(h 6. the valves 13. 14, 15. 17,
the receiver 7. and the branch 24 are acconunodated in the
whixl case 30, and the hant cxchaugcr 6 ls accommodatod
iu thc lyont arcs 29 of thc motor vehicle. Thc lmdt cxclmngcr
I U, the valves 9, 16. 18, 28, the cutotfvalve 19. the branches
25, 26 as well as the opening 27 are arranged in the radiator
tank 31, and tints in the immediate vicinity of the air
conditioning apparatus 32 with the heat exchan ers 4, 11,
12. The remaining components of the refrigerant circuit 2
are located in lhe motor or engine space of the motor vcluclc.

In FIG. 7. in addiuon to thc mcntionixl arrtmgcment
according to FIG. 6, thc inner heat exchanger 8, the heat
exchanger 10 ivith the upstreani valve 18 as well as the
branch 25 are also arranged in the wheel ease 3tl ln the
radiator tank 31, the valves 9. 16. 28 as well as the cutofl'alves

19 are arranged. and the heat exchangers 4, 11. 12 are
arranged ui thc air conditioning appuratus 32

From the optinuzed pipeline guide ui FICiS. 6 and 7.
dllfi:raut opcratulg modes with active or inactive ulucr heal
exchanger 8 result.

'I'he essential difference conipared to the design of the
refrigerant circuit 2 according to FICiS. 6 and 7 in regard to
FICiS. 1-5 involves the incorporation of the heat exchangers
8 aud 10. Accordulg to thc mnbodunmit in FIG. 2, showuig
the heat pump mode with coolant of Ihc motor cooluig
circuit as heat source. or FICi. 4, showing the mode for
dehumidifying and reheating the air with additional heat
uptake from the motor cooling circuit 3, the refugerant flows
from the valve 16 at high pressure level further on tltrough
the inner heat exchanger 8, and subsequently via the expan-
sion valve 18 into lhc heat cxchangcr 10. Thc exit of the heat
cxchangcr 10 is conncctcd directly to thc ullet into thc
compressor 5.

In the refrigerant circuit 2 according to lilti. 6, in contnsst,
the heat exchanger it) is incorporated in such a manner that
the refri erant. accordin to the mentioned opemsting modes,
flows, after the valve 16. directly via the expansion valve 18
into thc heat exchanger 10, without beuig applied to the
inner heat exchanger 8. Thc exit ol'he heat cxclrdnger 10 is,
howcvcr, arranged bcforc thc inlet into thc inner heat
exchanger 8, so that the refrmerant flows on the loiv-
pressure side througii the inner heat exchanger 8.
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lhc inner heat exchanger 8. ui thc heat pump modes
according to FICi. 2 as well as ln the mode for dehumidifying
and rehcatuig lhe air according to FIG. 4, remains uiaclive
both in the design according to IIKig. 2 and 4 and also
according lo FIG. 6

1hc cutoff valves 22, 23 of the motor cooling circuit 3 are
combined and configured as a three-way valve 28.

11Ci 7 shows the air conditioning system I vith a
modified refrigerant circuit 2 as an arrangement in the motor

I I Iichicle with an active inner heat exchanger 8 in lhe heat
punlp modes accordin to FICi 2 as well as in the mode for
dcluunidifyuig and rchcaung lhc air accorduig to FIG. 4. Thc
essential diflhrence with respect to the design of the refrig-
erant circuit 2 accorduig to FIGS. 1-6 is agam the inciirpo
ration of the heat exchangers 8 and 10.

The companson of the refrigerant circuit 2 according to
li ICiS. 1-5. 6 and 7 shows the air conditioning systems I v ith
and without active opemtion of the inner heat exchanger 8
in thc heat pump modes and in thc mode for dchumnhfying
and reheating the air without additional switchiitg elements,
whcrcui the inner heal exchanger 8 m thc clnflcr mode is
always in operation 1be activation of the inner heat
exchanger 8 is here dcpcndcnt only on thc mutual arrangc-
nient of the circuit coniponents.

According to thc embodiment in FIGS. 1-5, Hie outlet
fmm the heat exchanger 10 is connected directly to the inlet
into the compressor 5 via the opening 27. SimiLarly. Ihe third
secondary flow path connects the inlet of the heat exchanger
6 to the inlet of the compressor 4. wherein. as the inlet of the 111

heal exchanger 6, Ihc How dirimlion of lhc rcfbigerant in thc
clufler nlode is to be tal en as the basis. The refrigerant
cxiluig the heat exchanger 10 or thc heat exchanger 6 docs
not floiv through the mner heat exchanger 8

According to thc cmbodunent of FIG. 7, lhc ouflcl from
the heat exchanger 10 through the opening 27 is. however,
connected to the inlet of the inner heat exchun er 8. Simi-
larly, the third secondary flow path connects the inlet of the
heat exchanger 6 to the inlet of the inner heat exchanger 8. Lo

Thc relbigerant exiting thc heat exchanger 10 or Hie heat
exchanger 6 here flosis in each case tlnou h the inner heat
cxchdilgcl 8.

1hc inner heat exchanger 8 is thus active both in the heat
pump modes sunilarly to FIG. 2 tmd also m the mode for d

delnunidifying and reheating the air similarly to ILKi 4. and
it is operated in each case in co-current mode. wl»le the
inner heat exclianger 8 in the chiller mode is exposed to
refrigerant in the counter-current mode. Accordin to alter-
nanvc mnbodimcnts, the inner heat exchanger 8 is also
operated in the counter-current mode in the heat pump
modes as well as in thc mode I'or dchunudil'yuig and
rchcatlng tile Blr.

lhc displayed switching vantmts and operating modes
s.

cmi be used for any refrigerant which, on the loiv-pressure
siCk, undergoes a phase lransinon from HLIuid to gascxILLX. On
the high-pressure side, the medium releases the absorbed
heat to a heat sink. by as cooling, condensation and
supercooling. Suitable refrigerants that can be used for tlus
purpose are natural substances, such as, for example. R744,
R717, etc., combustible R290, R600. R600a, etc., as w cfl as
chemical substances. such as RI34a, RI52a, HFO-I234yf,
clc.. or various refngcrant nnxlures.

From lhc Ibrcgoing description, one orduxirily skilled in ss
the art can easily ascertain the essential characteristics of
this invention and, without departing fnlm the spirit and
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scope thcrcol; cim make various changes Bnd modifications
to the invention to adapt it to various usages and conditions

LIST OF REFERENCE SYMBOLS

1 Air conditioning system
2 Refngermit circuit
3 Motor Cooling (:ircuit, I ingine ('ooling ('ircuit
4 Evaporator
5 Compressor
6 HCBL CXClliiilgCI

7 Rcccivcr
8 hulCI llcin CXCllailgCI'

Valve
10 Iieet exchanger. evaporator
11 Heat exchanger, heat register
12 Heat exchanger, heating exclmnger
13 Valve, culolf vuhe
14 Valve, ciilofl valse
15 Valve, ciilofl valse
16 Valve, expansion device, expansion valve
17 Valve, expansion valve
18 Valve. expansion device, expansion valve
19 Cutoff valve
20 CLIIOH VLIIVL

21 Motor or Enguic
22 Vdlvc. cinofl salle
23 Valve, cutoff valve
24 I french
25 Branch
26 Branch
27 Opciung
28 Valve, tlncc-way vah c
29 Front arcs
30 Wheel case
31 Radiator tank
32 Air conditioning apparatus

What is claimed is
I An air conditioning system for a vehicle comprising:
a refri erant circuit configured fiir operating in at least a

heating mode and coolin mode compnsing:
d COI11PICSSOI,

a lirsl refngcranl circuit heat exchanger in Huid com-
nnunciitioll Lslth lhc colliprcssol'nd configiucil lol
heat exchange betiveen a refrigerant and an envimn-
nlcnt:

a second refri erant circuit heat exchanger in fluid
conununication with the compressor and confi ured
for supplying heal lo;m mr supply lo be condifioncxI
for the vehicle.

a first branch dlsposcxl downstrctun of thc compressor
with respect to a floiv direction of the refrigerant in
the refrigerant circuit;

a first valve disposed intermediate the first bmsnch and
the second refrigerant circuit heat exchanger and in
Hurd conumniication Vsnh lhc compressor and thc
scxond rclbigcr;ml circuit heat cxchangcr,

a second valve disposed intcrmediatc thc lirst brtmch
and the first refrigemsnt circuit heat exchanger and in
fluid communication with the conipressor and the
first refrigerant circuit heat exchan er;

a receiver and a first expansion valve in fluid conunu-
nicanon widi Ihc first refrigerant circuit heal
cxchangcr,

mi evaporator in Huid commuiucation with thc first
refrigerant circuit heat exchanger and the second
refrigerant circuit heat exchanger, wherein the first
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18
refngcrmit circuit heat exchanger is disposed uttcr-
mediate the second valve of the refrigerant circuit
and lhc receiver, the rccciver is disposed intenuedi-
are the first refrigerant circuit heat exchanger and the
lirsl expansion valve, Ihc evaporator is disposed
intermediate the first expansion valve and the cont-
pressor„and the second refbigerant circuit heat
exchanger is disposed intermediate the first valve of
the refrigerant circuit and the evaporator: and

ui
an inner heal cxchangcr dtsposcxt intcnuedialc the lirsl

branch and the evaporator with respect to the flov
direction of the rclbigcranl in thc rclngemnl circuit,
ivhereiil the refrigerant floivs tllrough the iniler heat
cxchangcr ut a lirsl mode and Ihc rcfn crmil
bypasses the inner heat exclmnger in a second mode,
'Ital

a motor cooing circuit m heat transfer communication
vvith the refrigerant circuit. wherein the motor cooling
circuit further compnses m
a first fioiiv path of a coolant, the first flow path bavin

a motor in fluid conunuiucation wuh a tirst mutor
cooling circuit heat exchanger: and

a second flow path ol'hc coolmil, thc second flow path
having a second motor cooling circuit heat
cxchangcr in fluid communication wilh Ihc motor,
ivherein the first motor cooling circuit heat
exchanger is ln fhud communication with the refri-
erant circuit and a coolant circuit valve control~ a
flow of the coolant through each of the first flow path ui

and Ihc second flow path of Ihe coolanl. mid whcrcin
the hrst motor cooling circuit heat exchanger ls
disposed ui a secondary flow pslh ol lhc rcfn ermil
circuit, the secondary flow path extending front a
second brmich disposed uitcnncdiate lhc receiver
and the first expansion valve of the refrigerant circuit
to an opening disposed intermediate the compressor
and the evaporator, wherein the secondary flow path
bypasses the inner heat exchanger.

2. Tlic aii coiidilioitiitg svsreiti ol claiiti 1. v,ltixciii tlic
secondary flow path uicludcs a second expansion valve
disposed intermediate the second branch and the first ntotor
cooling circuit heat exchanger

3 Thc air condilionuig system ol'laim 1. whcrcui thc
rclbigcrant circuit further uicludcs a second expansion valve
disposed intemiediate the tirst refrigerant circuit heat
exchan er and the receiver.

4 I'he air conditioning system of claim 1. wherein the
evaporator is disposed in a section of the refrigerant circuit
extending from a tlurd branch disposed intenncdiate Ihe lirsl
expansion valve and thc second rclngcrant circuit heal
exchan er to the opening. the section including an evapo-
rator valve disposed interniediate the third branch and the
evaporator, the evaporator valve having a normally open
characteristic.

5 Thc air condiuonmg system of clmm 1. whcrcin each
of Ihc lirsl valve aixl Ihc second valve of llm rcfrigcranl
circuit are confi ured as a 2-2-way valve.

6 The air conditioning system of claim 1, wherein the
refrigerant circuit fiuther includes a tertiary flow path having
a tllird valve, the tertiary flow path exteildiilg front a first
point disposixl inlermcdiau: ihe second valve mid Ihe lirsl
rcfngcrsnl circuit heal exchanger to a second point disposed
upstream of an inlet of the compressor.

7 The air conditioning system ofclaim 1. wherein acutofl'alve

is disposed intermediate the second refrigerant circuit
heat exclmnger and the inner heat exchanger

8 Thc air condiuonuig system ofelena 1, wlmrmn thc first
valve of thc relhgcrant circuit has u uonually open cltarac-
teristic and the second valve of the refrigerant circuit has a
normally closed characteristic.

i2 I'he air conditioning system of claim 1. wherein the
second refrigerant circuit heat exchanger has a depth in the
range of 10 nun to 20 nun and the second motor cooluig
circuit heal exchanger has a depth iu the rmigc of 30 nun to
65 iiitll.

10. The air conditioningsystem of claim 1, wherein the
first refrigerant circuit heat exchan er is disposed in a front
area of the vehicle, the first valve of the refrigemnt circuit
and the second valve of the refrigerant circuit are disposed
iu a whccl case arcs ol'hc i chicle, und thc second refrig-
craul circuit heal cxclranger and Ihc lirsl motor cooluig
circuit heal exchanger are disposed in an air condilionuig
apparatus

11. '1'he air conditioning system of claim l. wherein the
first motor cooling circuit heat exchanger is disposed in a
radiator area.
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