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1

REFRIGERATION PLANT WITH
REFRIGEIL4NT EVAPORATOR

ARRANGEMENT AND PROCESS FOR
PARAI,I,EI, AIR ANly RAT'I'ERY CON TAG I

COOLING

CROSS-REFERENCE TO RELATED
APE I,I('Al'ION

This application cLaims the benefit of priority of Cierman '"
Patent Application Serial Nos. DE 10 2010 Olil 805.5 filed
on Nov. 23, 2010, aud DE 10 2011 053 894.1 tiled on Scp.
23. 2011, thc cntirc disclosures of wluch are hereby uicor-
poralcd herein by rcfi:rcncc.

FIELD OF INVENTION

lite invcnuon rclatcs lo a rclugeralion plant with a
refrigerant evaporator arrangement suitable for parallel air
cooling and battery contact cooling, and a pmcess filr Io

operating the refri emotion plant. A preferred field of apph-
cation of the invention is in the field of motor vehicle
cooling and HVAC in combination v,ith the problem of
cooluig ihe baueucs or accumulators ol motor vclucles

BACKGROUND OF THE INVENTION

Within the scope of the dcvclopmem of clccluc or hybud
ichiclcs, there Is a trend towards, and Ihc neccssily lo,
operate high-power batteries m motor vehicles Iior optinlal so

utilization. the batteues require cooling to reach a defined
operatin temperature

It is weil knov n that batteries, and more specifically,
hi h-perfomiance batteries, have an optimum operating
tcmpcralurc and rcquirc as homogcnixlus a temperature ls
disuibution as possible over all cells. Thcrclorc, lhc lech-
iucal solutions of poor arl auu at direclly coolmg lhe molor
vehicle batteues by using a refrigerant evaporator by refrig-
emnt direct cooling or contact cooling, respectively. 1he
refrigerant evaporator is integrated into the motor vel»cle*s ao

refrigeration plant for the air conditionin. of the passenger
conlparuuclu.

DE 10 2009 029 629 Al discloses a heal cxclxingcr I'or thc
lempcung of veluclc baueucs. Thc heat exchanger al thc
same time is established as a holder of the battery units in
motor vehicles In this instance, the surtace temperature of
the cooling surface is maintained at a level as homogeneous
as possible by a defined guiding of the refrigerant tluough
thc chilnncls of fllc nullllpill1 lobes.

Further. DE 10 2008 035 400 Al discloses a device for o

cooluig a heat source of a motor vehicle. A coolulg body has
several forward tlolvs and several realm flows, and a
homogenization of the surface temperature of the cooliag
sheets is obtained by guiding the adjacent flows in forward
and baclavard directions. 11

Ei aporators for thc coolulg ofbenenes, also referred lo as
bailcry coolers or contact coolers, are utlcgratcd into thc
refrigeration cirmiil, accorduig lo poor aru parallel to thc
passenger conlpartnient evaponstor, or air cooler. I huw the
pressure level at the exit of the battery cooler is equal to the io
pressure level at the exit of the passenger compartment
evaporator. Therefore, the temperature level of Ihe battery
cooler Is equal to thc tempcralurc lcvcl ol'hc passcngcr
comparlmenl evaporator. Thc rcfrigcranl mass flow ui the
battery cooler, lust hkc in the passcngcr compartment cvapo- ss
rator, is controlled by a thermostatic expansion valve 1 he
thenliostatic expansion valve controls the mass flow in such

a way that a defined os erhcaluig al Ihc exit of llm air cooler
and the battery cooler is adjusted.

Thc poor art has sel eral di suds antagcs First. diviihng Ihe
rclyigcrant mass flow supphcd lo thc cvaporators cvcn Ihr a
symmetrical design leaifs to a slight unevenness in the mass
distribution due to minor ditferences in the flow resistances
of the individual flow paths. The refri emsnt in the flow path
with a lower mass flow proportion ivill be overheated a little
more than the refrigerant in the other flow path. However,
duc to overheating, lhe flow resistance in fliw flow path will
iucrcasc. This cflbct is compoundcxt by lhe contml of B

dehned overheating at Ihe exit of the evaporator after mixing,
of the partial mass flows

Second. normally at the exit of the evaporators there is a
diphase mixture with a low vapor proportion. but the vapor
proportion is not evenly distributed over the flow cross-
scction. If a division into scvcral flow paths is made, shghl
dilfcrmlccs in Ihe vapor proportion of Ihc single partial mass
flov s will result I'he tlolv path with the lower vapor
pmportion v ill be overheated a little more than the other
flov path. As mentioned above„ this efl'ect will be com-
pounded by the higher flow resistance of this partial mass
flilv .

Another dixadvantagcous cfli:ct if the battery imd vcluclc
coolcls illc operated 111 palaflcl Is that a clcBrlv hlghci
refrigeration pov,er is required lvhen the drn e batteries are
dynanlically cooled compared to the stationary cooling load
due to the electric losses. The dynamic refngeration power
cmi be higher than double the stationary coolin load. The
hi h refrigeration power in case of dynamic battery coolin
cmises an undcsircd high tcmpcralurc spread in thc bauery
cells duc to thc rclativcly bad heat conducuou ul the cells.
1'he high temperature spread has a negative effect on the life
of the battery cells

liurther, the overheatina at the exit of the battery cooler
causes the refrigerant tempemsture to increase, hence. an
uneven temperature distribution at the surface of the battery
coolcn This llncvclulcss In fllc Icnlpcraliilc ilwu1bluioil. doc
to bad heat conduction ui the battery cells, reappears in thc
cells

It would be desirable to provide a refrigenstion plant and
pmcess that realizes an improvement of the tempensture
distribution in the batterv cells.

SUMMAIIY Ol'111. INVI:N'I ION

Consonant v,ith the present invention„a refrigeration
plant and process that realizes on improvement of the
tcmpcrature distnbulion ui thc baucry cells, has surpusingly
bixu discovered.

Thc problem Is solved by a rcfngcralion phmt wuh a
refrigerant evaporator arnsngement for parallel air and bat-
tery contact cooling that includes a refugerant compressor
and a condenser. Further included is an evapomstor for air
cooling with an assi~ed controllable expansion member
and an evaporator as a baucry contact cooler with Bn

assigned controllable expansion nu:mbcr for battery cooluig.
According lo the im cntion. a throlllulg mmnber is locaicxt
between the evaporator for battery cooling and the tap of the
assigned controllable expansion member

According to the concept, the tluottling of the refhigemsnt
downstream of the battery cooler causes the liquid refriger-
ant lo bc Impounded m Ihe battery cooler. Thw results ui a
more homogeneous dislribuuon of thc rclyigerant which, in
cflccl, will hilvc a poslliic Ilnpiu:L

Sulprisingly and particularly advantageously, it has been
shown that an improvement of Ihe tenlperature distribution
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duc to the reduced dynanuc cooling power for Ihc baucry
cooler is accompanied by a sinndtaneous homogenization of
thc surface Icmperaturc ol'hc bauery contact cooler.

An almost completely evaporated diphase mixture, espe-
ciafly usuig thc rcfrigcrants R134a or R1234yl', ibr cxamplc,
will be completely evaporated or overheated by a specihc
throttling at the exit of the battery cooler. The thermostatic
expansion valve positioned after throttling controls the ntass
flow such that the required overheating occurs after the

I itthriitlllllg. Ill lllc BictI of Illc Bculal cvtipiir'stol; howcvci; ilo
overheatin occurs. The surface of the evaporator keeps a

tery homogeneous tempcraturc disinbution due Io flie low
pressure loss and lack of overheating, which is particularly
advantageous. Due to Ihc spccilic Ihrottluig of Ihe rclnger-
ant mass floiv leaving the evaporator of the battery contact
cooling before the entry, or the tapping by the thermostatic
expansion valve the evapomtion in the battery cooler occurs
at a higher temperature level than the evaporation in the
passenger compartmmit evaporator of Ihe HVAC sysImn. 111

The driving temperature potential between the surfaces to
be coolcsl and thc cooling medium relngcrmtt is rcduccsi,
which reduces the increased dynamic load in this way
ovcrhcdiing is uvoidixl, or mitutnizixi, and tlm temperature at
the surface of the battery cooler remains very homogeneous.

In addition. Ihc Ihronluig limits the rcfngerant mass tlow
through the battery cooler during the dynainic cooling

In an embodiment of the mvention. the throufing member
for thmttling the refrigerant mass floiv after the evaponstor
for battery coolin is coniigured as a fixed throttle. 11)

Another advantageous and adibtional measure is Io pro-
vide means for the homogenization of the refrigerant liquid
dill Illc rCfl1gCI'tlllt Vtipor. TILC iclllgCrdl11 Viipol po111011 Of
the refrigerant mass flow provided fiir battery cooling is
evenly distnbutcd over thc penial mass flows OI'hc refng-
el"lnt.

Specific internal attachments such as a helical insert. a
sieve or a sprinkler homogenize the flow at the entry of the
evaporator, creatin a homogeneous division in the flow di
paths with equal vapor proportions.

Another advantageous design measure that increases the
cflicicncy of thc rcfngeration plant is Io provide a liquid
separator upstrcum of Ihc evaporator for baucry cooluig

'Hie use of a hquid separator. such as a centrifugal
separator, at the entry of the evaporator divides the tlov at
the entry of the evapomtor into a purely liquid and a purely
vaporous flow The refrigemsnt liquid is supplied to the
evaporator and divuled into Ihc appropnate flov, paIhs of the
evaporator. The rclngerant vapor is. after spcciiic Iluuttling, O

guided ui bypuss und rccntered into Ihe overheaIcd rcfwg-
emnt at the exit of the battery cooler, but before the tap of
the thermostatic expansion valve

In other advantageous designs of the invention. the evapo-
rator for battery cooling includes several siitgle evaporators s.
sw uchcd ill ptiidllcl.

11&c process for the simulttmcous air imd battery contact
cooluig usuig a refngcration pkmt as mentioned above is
desianed such that

the refrigerant mass tlow after the condenser of the ii!

refrigeration plant Is divided:
a refrigerant pattial mass flow is throttled usiitg an expmt-

sion member bcforc the cvaporaior of Ihe rcfngeration
plant lor air cooling down Io a low evaporation prcs-
suic prx for the air cooling, tmd pamllel thereto. ss

a refrigerant partial mass flow is thmttled using an expan-
sion member before the evaporator fiir battery contact

coolillg Lo B lllgllcr ci ilpor'iltliill prcssilrc pax Ioi tile Bil

cooling. thereby impounding the refrigerant liquid in
tllC Cvdpol"dtoi, dlid

the refrigerant partial mass flow for battery contact cool-
ing afier the evaporator is also tluoulcd to Ihe lower
evaporation pressure pcx usiim the throttling member

It has sho~n to be advanta cous to desi n the throttlin
meniber fiir throttling the refrigerant partial mass flow fiir
battery cooling such that the battery cooler inclusive of the
tluutflc has a pressure loss of 1.0 to 2 0 bar, with thc tluottle
proportion of the pressure loss prefembly at least 0.5 bar.

Thc process is advantageously further dcvcloped bccausc
refrigerant vapor and refrigerant liquid are hontogenized to
make the vapor proporuon morc bcforc tlm rcfrigcrant mass
tlow is divided into flow paths of the battery contact cooler

In an alternative embodiment„refri erant vapor and
refrigerant liquid are separated befiire the evaporator tiir
battery contact cooling and the refri emsnt liquid Is evapo-
ralcd in thc cvaporalor. Thc refngcrant vapor is tluottled and
reentered into the overheated vapor at the exit of the
cvilpordtor.

liinally, in another alternative emlxidintent, refrigerant
vapor mid refrigerant hquid arc scparatcd by usc of a liquid
separator, such as a centrifuaal separator, befiire the evapo-
rator for battery cooling and then mixed befiire Ihe entry into
the evaporator in order to ensure an equally distributed
vapor proportion in the individual flow paths

I'hus, the refrigeration plant and the proposed process
have an especially advantageous even temperature distribu-
tion at thc surface ol'hc evaporator ol'he battery cooluig.
This results in a lower load and slower a in of the battery
cells, mid, as a result.;m advantageous increase ol'hc hfc of
the battery cells, especially the life of I.i ion battery cells

Also, thc rclbigcrimt mass flow required I'or thc baucry
cooler is reduced, ivhich results in a lower energetic etfort
for cooling the batteries. Tins results in a longer range of the
electrically driven vehicle ivith the same battery capacity.

The proposed measures enable the tecluucally important
problem ol'he dcvclopment of ovcrhcat zones in bauery
contact coolers ivith overheat controlled refrigemsnt evapo-
rators Io be solved by reducing these overhot t zones.

liurther advantages particularly of the invention are the
reduction ol'hc overheat zone of an ovcrhcat controlicdi
evaporator, the even refri erant division onto parallel
sv itched ei aporators and the flow paths within the evapo-
mtor, and the generation of ditferent evaporation tempem-
tures in multi evaporator plants.

BRIEF DESCRIPTION OF THE DRAWINOS

The above, as vvell as other advantages of the present
invmition, will bccomc readily apparmtt to those skilled in
the art fmm the following detailed description w:hen con-
sulcrixl ui thc light ol'he accompanying draw uigs, ut which.

lil(i I represents a schematic circuit diagram of a refrig;
eration plant accordin to an entbodiment of the invention;

I l(i 2 represents a schentatic represeittation of a battery
cooler according to an entbodiment of the invention;

lil(i 3 is a log p. h-diagmm of the refrigeration process of
FICT. I,

FICi 4. a Lime-Icmpcrdiure diagrmn ol a rcfngcration
plant as described in prior art;

FICi 5: a Lime-temperature diagram ol' rcfngeration
plant of Fl(i I: and
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FIG. 6: a duigriun ol'hc tcmpcputore diflerence at thc
battery cooler over the time at difl'erent pressure losses
according lo an cmbodunent of Ihe mvmition.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS OF THE INVENTION

lhc following detnilcd descnplion and appcndcd draw-
ings describe and illustnste an exemplary embodiment of the
invention. 'I'he descnption and drayvings serve to enable one in
skilled in the art to make and use the invention. and are not
intended to limit the scope of the invention in any manner.

FI(fi 1 shov,s a schematic circuit diagmm of a refrigem-
uon plant according lo one cmbodunem of lhc invmilion
with lhc rclcvmit Iccluucal components. The maui elianmil
of every refri aration plant is the compressor 6 that coni-
presses the gaseous refrigensnt to the condensation pressure,
and delivers it to the condenser 7 In the condenser 7, the
refrigerant condenses to the condensation pressure level
releasing heat„yvhich is schematically indicated by an arrov lo
in FIG. 1. Thc condcnscds hquclied rcfngerant reaches a
branching point where thc rcfngcranl mass tlow is divided
into a refrigerant partial mass flow fiir the cooling of the
passenger compartment and a refrigerant partial mass tlow
for the coohng of the battery.

The evaporator I of the HVAC system, also referred to as
the air cooler or passenger compartment evaporator. Is
coiuuxted to thc assigned thcnuostmic expansion valve 2

and recco es Ihc rcfrigcraat partial mass flov; 1 hat is llu o tiled
in the expansion meniber 2 provided for cooling the air Air io
is cooled for the air conditioning of the pagsenger compart-
ment and the refrigerant evaporates 'I'he slightly overheated
refrigerant leaves the evaporator 1 and flows to the tap 8 of
the expansion member 2, uhere the control circuit of the
controlled themiostatic expansion valve 2 is closciL 35

lhc second rcfngcrant partial mass flow rwiches over the
expansion member 4, which is also cstablishcd as the
theniiostatic expansion valve The battery cooler 3 is con-
figured as nvo smgle evaporators sivitched in parallel The
refrigerant partial mass flow is divided onto the two evapo- so
rators 3. and the battery in direct contact with the battery
contact cooler 3 is cooled. Thc rcfrigcranl perl ial mass tlow s
from the cvaporators 3 arc asscmblcd and dcmomprcssu! In
Ihe lluoltling mmnber 5, wluch is cslablished as tixed
throttle, to the evaporation pressure pcn of the air cooler l.
Subsequently. the tap 8 of the expansion meinber 4 controls
the thermostatic expansion valve 4 and eventually. the
slightly overheated refrigerant partial mass flows of the
battery cooling and thc air cooling are united and supplied
to thc compressor 6, closing the circuih o

FIG. 2 shows the bauery contact cooler 3 ui a schematic
representation The liquid refrigerant flows over the expan-
sion niember 4, where it is decompressed to the evaporation
pressure pun of the battery cooler 3, into the refrigerant
evaporator arrangement 3 and is divided onto various flow o.

paths. Once past the evaporator 3. flie rcfugcrant flow is
turned mid asscmblcd lyom the vauuus paths uilo flie tixed
tluoulc 5. whcrc the prcssure is rixluccd lo the evaporation
pressure pca of the air cooler

IICi 3 shows a log p, h diagram of a refrigeration process io
according to the refrigeration plant shoyvn in FICi. 1. wherein
the two refrigerant partial mass flows nin at diflerent evapo-
ration prcssure Icvcls ui thc diphase region of thc refugcranl.
Thc process of thc refugermit circuit for lhc air cooler is
denoted as 10 The process of thc bauery cooling is indicated ss
as ll The compression and the condensation fiir the air
cooling and the battery cooling occurs as common refnger-

anl partial mass flov . In thc upper left corner of thc process.
after the condensation. the refngerant mass flow is divided
and the refrigerant mass flow for the air cooling is reduced
to the evaPoration Pressure Peso 'I'he evaPonstion of this
refrigerant partial mass tkyiv for the air cooling is executed
up to a slight overheating.

Thc tluolthng of the rcfngcrant partial nuiss flow lhr lhe
ballcry cooling occurs uflcr condensuuon of thc battery
cooling down to the evaporation level p„x., ivhich is over the
pressure level for the air contin, pan, and is represented as
mean horixiyntal denoted 11.

At the end of the diphase region afler the evapomstion. the
second throttiing out of the diphase region up to a slight
ovcrhcating occurs mid thc assembluig ol'hc refrigerant
partial mass flow s is executed in lhc lower ught comer of thc
refrigeration process prior to common compression

'I'he second thronling of the refri erant partial mass flow
for the battery cooling is shoivn on the left side of the
diag un as a sectional enlargement

In FICi. 4. a time-temperature diagmm of the surface
tcmpcrature of thc buttery contact cooler ol a rcfngcralion
plant according to the prior art is shown. Thc rclauvcly lugh
temperature spread is very clearly seen by the various curves
of the individual measurement points at differen levels that
nui apart fmm each other in a vertical direction. The
resultuig evaporation temperature level is about 8" C., wlflch
is relatn ely loiy for an optimal battery cooling.

In contrast, FIG. 5 shows u tune-tcmpcrnlure diagrtmi of
tile stliftlcc Iclilpcraulrc ol lhe bauch 7 coiitacl coohci of II

refrigeration plant, with a smaller spread of the individual
temperature measurement points in the vertical direction and
the evaporation temperature increased to about 17" (

In the evaporation processes according to FICi. 4, mea-
surements yvere made with an overheat of 3 K at the
evaporator exit, accorduig to FIG. 5 ahcr thc tluottluig
member, also reli:rraxl to as rerum throttle.

FICi 6 shows a diugrmn of tlu: tcmperaturc diflbrencc al
the battepu cooler over time for difl'erent pressure losses at
the return throttle 5 according to ltl(i l. It is shown that
absent throttling there is a very big temperature diflerence,
and that high throttling results in a minimal temperature
dilfi:recce.

From the lbregoing description, ouc orduianly skilled in
thc art can easily abvertam the esscnual charactensucs of
tlus invention and, ivithout departing fmm the spirit and
scope thereof, can make various changes and niodifications
to the invention to adapt it to various usages and conditions.

NOMI IN('I,A'I ORE

I cvlpoIRtot, RI 1 coolcI, pRsscnucl'ontputnlcnt cvlpnlcitnl
exp uls on nlcnlbcn thcml snu' exp uls on '1st'Ic

e apotatot. battery nnl 1, contact cooler. b:ittcty ont:«t cnolct.
ICfllgCian1 C 'Rpni'5101':OVROCCutCltt

4 cxp111510n OIcn11 ct'hcnu051an 'xpRnslnn Rl c
thtnttluig nicnib 1, fix d thtnttle, return tluottle

P encl ng tube
10 tef cist nn ptncess .in noluig
11 eft emt nn pro ess b.ittety o ! ng

Thc invention cluimcd is:
I A rcl'rigeration plant huvuig a rcfngerant evaporator

arrangenient for pansllel air and battery contact cooling
colnprlsillg'
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a rcfrigcranl compressor:
a condenser in flu&d comnuulication with the refrigerant

compressor:
a hrst expansion member disposed benveen the condenser

and a hrst evaporator for air cooling:
a single second expansion member disposed betw:een the

condmlscr aud a second evaporator fi&r baucry cooling,
w'hcl'cul fllc second cvapoldlor uicltlilcs a phudhlv 01

single evaporators arranged in parallel: and
a hxed throttling nlember disposed benveen the single &0

second evapomltor and a tap of the second expansion
member. the fixed tllrottling member having 0 cross-
sectional area, wherein the cross-sectional area tluau h
thc lixed lhrottlu&g member &s consldnl over an inslan-
tanixlus penod of lunc lo eflccl a pressure loss occur- I

ring as a refngerant flow:s through the second evapo-
mlol"I

wherein a first pornon of the refrigerant fln&vs tf&rough the
first expansion member and a second portion of the
refrigerant flows throu h the second expansion mern- 10

bcr, where&n thc second poruon of&he refn aran& fluws
from thc second expans&on mcmbcr to Ihc a&mond
evaporator and from the second evaporator to the fixed
throttling nle&liber, wherein the second portion of the
refrigerant flows through each of the plurality of single
evaporators of the second evaporator to the fixed throt-
tling n&ember efl'ecting an approximately homogenous
tcmpcraturc distribuuou across a surface of the second
cvaporalor. m&d whcrcin at less& thc scmond purl&on of
die retngerant flowing fn&m the second evapnmltor to 10

lhe tixed throttling nlember is in a diphase state.
2 '1'he refri aration plant according to claim 1. v here&n a

liquid separator is disposed upstream from the second
evaporator.

3. Thc rcfngcrut&on plant accordulg to clmm 2, where&n ls
thc liqu&d separalor &s a centnfugal scparalor.

4. Thc rcfngcrut&on plant accordulg to clmm 1, where&n
the first portion of the refrigerant, after flowing through the
firs expansion member. has an evaporation pressure lnwer
than the second portion of the refrigerant after flowing do

tluough the second expansion member.
5. Thc rcfngeration plant accordulg Io rlmm 4, whcrc&n

the sixond port&on of thc rcfngerant, sflcr flowmg tluough
Ihe second expans&on member, lrds the evdporanon prcssure
higher than the hrst portion of the refrigerant after flowing
through die first expans&0&1 men&her

6. The refrigeration plant according to cLaim 5. wherein
the evapomltion pressure of the second portion of ihe refrig-
cl&ull I&ficr flow u&g If&ough thc second cvaporalor m&d the
lixixl Qmn&lung mcmbcr &s equal to ihc evaporation prcssure 0

ol'Ihe lira i pornou of thc rcfngcrmll sf ler flow ing lluough the
firs evaporator.

7 '1'he refngeration plant according, to claim 1, v herein
the second po&tion of the refrigerant flow hns the pressure
loss of 1.0 to 2 0 bars wlfile flowing through the second s.
cvaporaior and the lixixl tluolllu& mcmbcr.

8. Thc rcfngeration plant accordulg Io rlmm 7, whcrc&n
the prcssure loss ol'0.5 bars occurs as thc second portion of
the refri erant flows through the fixed thnlttling men&her

9 'I'he refrigeration plant according to claim 1. wherein io
the second evapomltor contacts and is in heat exchange
relationship &lith a battery.

10. Thc refngcrat&on plant accordulg to clann 9, where&n
ihc six'Ond po&1&on of fllc lchlgcldnl Is impounded in lhc

second evaporator, rcsultu&g in a homogeneous d&stnbut&on

of the second portion of the refri emnt in the second
cv&lpordtor.

11. 'I'he refrigeration plant according to claim 10, wherein
a tluottlm of the second portion of the refrigerant down-
stream ol the second evaporator causes thc unpoundin of
the second portion of the refri emlnt &n the secnnd evapo-
IS IOI.

12. Sl refrigeration plant having a refngerant evaporator
arran ement for parallel air and battery contact coolin
cnnlprlshlg:

a refrigerant compressor:

a condenser in fluid conmumication with the refhigemlnt
co&up&assn&"I

a first expansion member disposed benveen the condenser
m&d a firsl cvapordlor ibr;ur coolu&g,

a second expansion men&her disposed between the con-
denser and a second evapomltor for battery coofhig,
v herein the second evaporator includes a plurality of
s&n le evaporators arranged in parallel; and

a lixed tluolthng member dhsposixl bctwccu thc almond
evapnrator and a tap of the second expansion member,
thc lixed throuling member having a cross-sect&onal
area, wherein the cross-sectional area through the fixed
throttling member is constant over an instantaneous
perind of time to effect pressure loss occurring as a
refri erant flows through the second evapomltor:

whcrcin a first portion of thc refngerm&t flow s through thc
first expansion member and a second port&on of the
refri erant flows tlmlugh the second expansion mem-
ber, v;herein the second pornon of the refrigerant flows
from the second expansion member to the plumlity of
s&ogle cvaporators mid from Ihc plural&ty of sulgle
evapnrators tn the hxed throttling nlember. wherein the
second portinn of the refrigerant flows through each of
the plurality of single evaporators of the second evapo-
rator to the fixed throttling member eflecting an
approx&mately homogenous tempcrnture d&stnbut&on
across a surface ol'hc second evaporator, and wherein
at least the second pon&on ol'he rcfmgcranl flowulg
frnm the plurality of single evaporators to the fixed
throttling member is in a diphase state:

wherein the first portion of the refrigerant. after flo&ving,
through the first expansion member, has an evaporation
pressure lower than the second po&tion of the refriger-
m&l sfler flowu&g lluuugh Ihc second cxpans&on mem-
ber, whereul lhe second portion of thc refrigerant, al'ier
flowulg throu h the second expansion member, lms Ihe
evapnration pressure higher than the first portion of the
refrigerant afler flo&sing thmu h the first expansion
member. and wherein the second port&on of the refhig-
ermt, after flowing tluough the second evaporator and
lhc tluotlhng mcmbcr. has lhc same cvaporalion pres-
sure as Ihc lirst portion of the relngcrnnl sflcr flowulg
lb&ough lhc firsl ci aporalor.

13. Thc relh&gars&ion plan& accord&ng to clmm 12, wherein
a liqu&d separator is disposed upstream fmm the second
evaporator

r r d
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