25 April 2006 1 Patent Specification Pressure Adjusting Device for Air

Condi ti oning System and Air Conditioning System Equi pped vzé gatng q%a]me 5
Technical Field The present invention relates to a pressur F ¢ g
device for an air conditioning - systemand, nore particularly, to a
pressure adjusting device for adjustinglthe pressure in the indoor heat
exchanger of an air conditioning systemprovided with an outdoor unit 10
havi ng a conpressor and an outdoor heat exchanger, an indoor unit having an
indoor heat exchanger, and a gaspgug Jpefifb@Rinant pipe connecting the

i ndoor heat exchanger to the conpressor. The invention also relates to an
air conditioning system equi pped with such a pressure adjusting device. 15
Background Art An exanple of an air conditioning systemthat is divided
into an outdoor unit and an indoor unit is shown in Figure 4. The air

condi tioning system 101 has, one air-cooled outdoor unit 102 and a
plurality o?ree%f? Adusieg Pevise fgr Aif fpadifioning SystemandAm ggndifiguing Bysfemyng j s
used to air-condition an office or the |like. The outdoor unit 102 is

equi pped with a 25 April 2006 2Equmpaiwﬂhthe3mne

Technical Field
The present invention relates to a pressure adjusting device for an air conditioning
system and, more particularly, to a pressure adjusting device for adjusting the pressure in
the indoor heat exchanger of an air conditioning system provided with an outdoor unit
10  having a compressor and an outdoor heat exchanger, an indoor unit having an indoor heat
exchanger, and a gaseous refrigerant pipe connecting the indoor heat exchanger to the
~ compressor. The invention also relates to an air conditioning system equipped with such

a pressure adjusting device.

15 . Background Art
An example of an air conditioning system that is divided into an outdoor unit and an
indoor unit is shown in Figure 4. The air conditioning system 101 has one air-cooled

outdoor unit 102 and a plurality of (more specifically, three) indoor units 103, 104, 105

and is used to air-condition an office or the like. The outdoor unit 102 is equipped with a



conpressor 111 and an outdoor heat exchanger 112 and is installed outdoors.
The indoor units 103, 104, 105 are each equi pped with an ansj val ve
113, 114, 115 and an indoor heat exchanger 123, 124, 125 rﬁgéﬁhled in
an i ndoor room 133, 134, 135. The outdoor heat exchanger 112 and the
expansi on val ves 113, 114, 115 are connécted together 5 by a liquid
refrigerant pipe 116. The i ndoor heat exchangers 123, 124, 125 and the
conpressor 111 are connected together by a gaseous refrigerant pipe 117. In
this air gongldli@nPondy t%%o%gkeatae%cﬁéhg%‘mwﬁ g%&&n‘& Gdbars. FHEREAGEOUS
refrigerant ts conpresse cby the conpresSsor 1 romthe State at por nt AO
to a prescribed pressure PdO (see point BOin Figures 4 and 5) before

bei ng del uigy ed3,t 04, @504t dach eheipped Vitxahang@siod kdlvd 113, hd4put slaad dneat
exchanger 112, the gaseous refrigerant exchanges heat w th the outside air
and condenses, changing to a liquid refrigerant state (see point COin

Fi gures 4indeer byat exphanzenRiieri2edi23 and isieled iner indoor woun 134, ddd 137, Ghhet he

out door heat exchanger 112 to the expansion valves 113, 114, 115 of the

i nd its 103, 104, 105 .th h the |iqui i t pi 16 dth
br essur o BFSpfioReet Geitingn 2 gnl Sirerpe ety 48 1. BELRRcaln e ioeei o
Figures 4 and 5) by the expansion valves 113, 114, 115. In the indoor heat

exchanger By L2 fiquiti2 fbfrideqant fﬂB@ AGE IR RdbGIHES ‘%xEﬁe{r{gEﬂe[ At Rxqhanges heat
with the air inside each respective roomand evaporates, changing to a

gaseous refrigerant state (see point AOin Figures 4 and 5). The
evapor at i oompesqeriat areconhedidibtogethen lgea paseowt refrigeeant pgedid 7heat exchangers
123, 124, 125 is the tenperature TO corresponding to the 25 April 2006 3
In this air conditioning system 101, as shown in Figures 4 and 5, the gaseous
refrigerant is compressed by the compressor 111 from the state at point A0 to a prescribed
' pressure Pd0 (see point B in Figures 4 and 5) before being delivered to the outdoor heat
10 exchanger 112. In the outdoor heat exchanger 112, the gaseous refrigerant exchanges heat
with the outside air and condenses, changing to a liquid refrigerant state (see point CQ in
Figures 4 and S5). This condensed liquid refrigerant is delivered from the outdoor heat
exchanger 112 to the expansion valves 113, 114, 115 of the indoor units 103, 104, 105
~ through the liquid refrigerant pipe 116 and the pressure of the liquid refrigerant is reduced
15  to PsO (see point DO in Figures 4 and 5) by the expansion valves 113, 114, 115. In the
indoor heat exchangers 123, 124, 125, the pressure-reduced refrigerant exchanges heat
with the air inside each respective room and evaporates, changing to a gaseous refrigerant

state (see point A0 in Figures 4 and 5). The evaporation temperature of the refrigerant at

the indoor heat exchangers 123, 124, 125 is the temperature TO corresponding to the



pressure PsO The gaseous refrigerant is drawn into the conpressor 111

through the gaseous refrigerant pipe 117. In this way, t é ‘%de t he
rooms is cooled. Due to the increased use of conputers in @@ t he
fl oor space of offices and the like is often partitioned to prOV|de server
roons for the conputers. In this kind of 5 server room it is necessary to
run the indoor unit in cooling node constantly regardless of the season in
order to process the heat discharged by the server equi pnent. However, when

the outsi gfessatré BBITREE AL Sus! Rofi ntSYCHaRA _fnld tﬁtecamg.teegor tihemk&lgh gRr ant

evaporated 1 n the | eat exchangers 123, 124, 125 of the conventi onal
air conditioning system 101 partially changes.to a liquid (see point EOin
Fi gur es 4gasedudiefiigerdd pipeel 1t71 lrethist waye dehdsintide theaopme ssavolell 1 t hr ough t he
gaseous refrigerant pipe 117 after |eaving the outlets of the indoor heat
exchangers 123, 124, 125 (see point AOin Figures 4 and 5). \Wen this
partial ly |ikQuefq te ingrasedarsa vl cPEpieE W Testrd Yers E6fnos saise of pffices
probl ens as danage to the conpressor 111 and |nsuff|C|ent i nt ake of gaseous

excpans: on At e Barifongh & xRS ARG it e GpRREL R b oe

pressure in the indoor heat exchangers 123, 124, 125 is |owered (see point

DI ands pr g8 oS it it Redek &y B @h tﬁé‘ﬂxdb&eurﬁb/ﬁ%bﬁﬁg RiddE esmemaly 4 gurdlkss dthe
refrigerant in thé indoor heat exchangers 123, 124, 125 is brought to a

tenperature Ti that is lower than the outside air tenperature, thus
prevent i nghetseasogds eoles to plocesyahalntat fliscmr@sl Wpthe ser2@0Rurpment.

However, when the outside air temperature is low, such as in the winter, the refrigerant
evaporated in the indoor heat exchangers 123, 124, 125 of the conventional air
conditioning system 101 partialhlz changes to a liquid (;ee point EQ in Figures 4 and 5) by

10 the time it reaches the compressor 111 through the gaseous refrigerant pipe 117 after

* leaving the outlets of the indoor heat exchangers 123, 124, 125 (see point A0 in Figures 4
and 5). When this partially liquefied refrigerant is drawn into the compressor 111, such
problems as damage to the compressor 111 and insufficient intake of gaseous refrigerant
occeur.

15 Therefore, conventionally, the openings of the expansion valves 113, 114, 115 are
adjusted such that the refrigerant pressure in the indoor heat exchangers 123, 124, 125Ais
lowered (see point D1 and pressure Psl in Figure 5) and the evaporation temperature of
the refrigerant in the indoor heat exchangers 123, 124, 125 is brought to a temperature T1

that is lower than the outside air temperature, thus preventing the gaseous refrigerant from



| i quefying inside the:-gaseous refrigerant pipe 117 (see point A in Figure
5). If the evaporation tenperature of the refrigerant is |l.qu reﬁ?@@ﬁ much
however, the refrigeration cycle of the air conditioning g@@?@ wil |
be along the lines joining points A, Bl, d, and D1 in Figure 5 and the

i ndoor heat exchangers 123, 124, 125 wil4 freeze. 5 As a result, it wll
not be possible to continue running the indoor units 103, 104, 105. Wen
such a situation occurs, the indoor units 103, 104, 105 are generally run

in fan-onl; Q). 4 Eﬁg&ﬁ? t - . i ndoor heat
exchangergxﬁ%@gﬁgﬁ@eiﬁ%g‘% gr%fg?%rrn t ﬁ%%%ﬁ%f@%%@te. In a room

such as server room (assune, for exanple, that room133 in Figure 4 is a

server roomlIf tkhevgporitipnatenipetatat ofithe hefigadnthgdbwesed| t86 GRuch] Qotwbeer, the
tenperature inside the roomw Il rise rapidly when the cooling operation is
stopped and the operation of the server equi pment coul d possibly be

i mpeded. TsfEg¢rakden eveds of the a}fﬁ@eﬁmp@ﬁgwﬁerpﬂ@é &vill berpleng the Hinesdoitieg peiotsan
air conditioning systemprovided with an outdoor 15 unit having a

neat excnilons: ChAEOFIERTE s B IR iR oChR R 2P S s heat

exchanger to the conpressor. The object of the present invention is to

make 14 -pagsi Rs@itt B WilMdtWehp&Bibd fo chifidl rhBhd hSHabe&Mbits $6@0! 1039 159de
continuously even when the outside air tenperature 1is |ow by preventing

t he i ndoor heat exchanger fromfreezing. 25 April 2006 5 An air

condi t i onWignssysh esitpatemsaccersaidie usddon gnie 03 d 04,05t are gemeralharm it fars-oaly

pressure
mode to increase the temperature of the frozen indoor heat exchangers 123, 124, 125 and
return them to an unfrozen state. In a room, such as server room (assume, for example,
that room 133 in Figure 4 is a server room), where the amount of discharged heat is large,

10  the temperature inside the room will rise rapidly when the cooling operation is stopped

and the operation of the server equipment could possibly be impeded.

Disclosure of the Invention
The present invention relates to an air conditioning system provided with an outdoor
15  unit having a compressor and an outdoor heat exchanger, an indoor unit having an indoor
heat exchanger, and a gaseous refrigerant pipe connecting the indoor heat exchanger to the
compressor.  The object of the present invention is to make it possible to run such an air

conditioning system in cooling mode continuously even when the outside air temperature

is low by preventing the indoor heat exchanger from freezing.




adj usting device for adjusting the pressure in the indoor heat exchanger of
an air conditioning systemthat is provided with an out do% un'& Q@Vi ng a
conpressor and an outdoor heat exchanger, an indoor unit @P L) Oo\ i ndoor
heat exchanger, and a gaseous 5 refrigerant pipe connecting the indoor heat
exchanger to the conpressor. The pressur’®e adjusting device is provided
with a pressure detecting neans, an electric powered expansion valve, and
an openi ng adjusting neans. The pressure detecting neans detects the

I the.refri in_the indoor heat .. . Th
Ol cotric povirall ORI HAGET Pl BRpULAR T BRbe GHCIRRE T prviirensen

pi pe. The opening adjusting neans 10 adjusts the opening of the electric

pover ed exgiansig®deviak Vdr RASRENE Nthk NFeRORS SHtRe iAldt® Kat dxbRarplf dFISH ant
detected by the pressure detecting neans such that the pressure val ue of

the refrigerant is adjusted to a prescribed pressure setting value. This
ai r condi cowhiieyng pystemm thaessproeidadjwitt amgutdevr oeit akiag d@ tomppssion|andtam
adjust the pressure of the refrigerant in the indoor heat exchanger to a
prescri bed pressure setting h 15 adj usting.the opening of the electric
power ed e?B@ﬁg‘l’ ?F‘t\P’a‘FW’é‘.ge]@%Hs‘é@ﬁ%ﬁ’t“i“yf}avf%mb%%iiﬁatc??‘c HeEch SE AgBASEPHS | n

t he i ndoor heat exchanger can be adjusted to a higher pressure than the

pressuse . f L it it o) i a j b e
Gl ectry o Reubfaf Pk SRhAHn: e HIRGRRSERALAR OB e llr THOTRAC
outside air tenperature is low, the pressure of the refrigerant 25 Apri

2006 6 dowdisbtigamleeice tidep@iiet I with PO ViRésStree dEtadiiigO e, Van ielectdle pgdsa@us
refrigerant pipe can be
A expansion valve, and an opening adjusting means. The pressure detecting means deteqts
the pressure value of the refrigerant in the indoor heat exchanger. The electric powered
expansion valve is disposed in the gaseous refrigerant pipe. The opening adjusting means
10 adjusts the opening of the electric powered expansion valve based on the pressure value of
the refrigerant detected by the pressure detecting means such that the pressure value of the
refrigerant is adjusted to a prescribed pressure setting value.
This air conditioning system pressure adjusting device makes it possible to adjust the
pressure of the refrigerant in the indoor heat exchanger to a prescribed pressure setting by
15 . adjusting the opening of the electric powered expansion valve. Consequently, the pressure
of the refrigerant in the indoor heat exchanger can be adjusted to a higher pressure than the
pressure of the refrigerant in the gaseous refrigerant pipe between the electric powered

expansion valve and the compressor.

Thus, even when the outside air temperature is low, the pressure of the refrigerant



| owered so as to prevent the gaseous refrigerant fromliquefying. At the
sane tinme, the pressure of the refrigerant in the indoorzﬂﬁgt,e changer
can be adjusted such that the evaporation tenperature of pF@ﬁxﬂberant
is a tenperature at which the indoor heat 5 exchanger will not freeze, thus
preventing the indoor heat exchanger fr®em freezing. As a result, the air
condi tioning system can be run continuously in cooling node. Claim?2
describes an air conditioning system pressure adjusting device in

accor danc wi.th claim wherein th eni.ng. adj ustin eans i s capabl e of
o ovi di ng SO strEo P Lty BREA o P APy Ao BTN g R
is appropriate for oil recovery node 10 when the systemis run in oil
recovery [mRéfed fo a8 €8prebontl B Yhdbohd Rt e@hhtNBoRillqubiadg. DA thasamdimat @ i n
the refrigerant circuit to the conpressor. VVth(%hIS pressure adj usting
devi ce, the opening adjusting nmeans not only provides an opening for

adj ust i ngptehpirprod heirefrigbranhen tlef mdger hedt dxphdrger cadboradhestd sxcbhthatgthe but
also makes it possible to provide an opening that is appropriate for oi
recovery node when the 15 systemis run in oil recovery mpde. Thus, the air
condi t i onPYPORIONIFMPAFRIHE $tathe] Teragea 15 4 é%wfé?tyr%ﬁ*dgvhgfﬁw%eawdpar OF¥ o |
recovery node of conventional air conditioning systens. C aim 3 describes
an airccongditioni .ad] i V] ' i.t,h

ol ar m L orrgh gl Y e TR R TR LR CEfiulgly AGERABHE #5011
t he indoor portion of the gaseous refrigerant pipe. 25 April 2006 7 Wen

t Ee el ect ¢ds@ltpvRirednEKPRNE isPieM @hiy Be hih @nHAGRBL inkoblgy Matidloor portion of
t he

Claim 2 describes an air conditioning system pressure adjusting device in accordance

with claim 1, wherein the opening adjusting means is capable of providing the electric

- powered expansion valve with an opening value that is appropriate for oil recovery mode

10 when the system is run in oil recovery mode in order to return lubricating oil that has
accumulated in the refrigerant circuit to the compressor.

With this pressure adjusting device, the opening adjusting means not only provides an
opening for adjusting the pressure of the refrigerant in the indoor heat exchanger but also
makes it possible to provide an opening that is appropriate for oil recovery mode when the

15  system is run in oil recovery mode. Thus, the air conditioning system can be run in an Qil
recovery mode similar to the oil recovery mode of conventional air conditioning systems.

Claim 3 describes an air conditioning system pressure adjusting device in accordance

with claim 1 or 2, wherein the electric powered expansion valve is installed in the indoor

portion of the gaseous refrigerant pipe.



gaseous refrigerant pipe, the refrigerant in the portion of the gaseous

refrigerant pipe upstreamof the electric powered expansi val I S
cool ed by the outside air and becones partially |iquefi e@%nﬁfﬂ'glr#(fqie

partially liquefied refrigerant is reduced in pressure by the 5 electric
power ed expansion valve and the liquid gortion is evaporated again before
being drawn into the conpressor. Consequently, if there is a portion where
| i quid accunul ation occurs readily due to the shape and routing of the
gaseous refrg.gerant i e J : T L G Wt iger ant
DooT i [ WAEL Y cBURE ook B eﬁggrﬁ?sﬁ‘gﬁv%lg Qﬁgg%‘;asggglbgﬁa‘?“é?‘?ﬁﬂé’?t é‘?ffsﬁhge
upstream of the electric powered expansion val ve, subjecting the 10

CONPr €SS 0fadefus BT péra@NBipef thenfeli fdraitait theigorrerd of nisbhscoue néfrigampopipe
refrigerant intake. Conversely, with the air conditioning system pressure
adj usting device clainmed here, tenporary |iquefaction of the refrigerant
in the gaspuwsnrafithé glectaintpopicrrd examnsinn yes/is soelgd by dimeniade piE ai Beqomes
power ed expansi on valve is disposed indoors instead of outdoors. Thus,

conditions of insufficient oil and insuf.ficient gaseous refri nt ake
do not ocEﬂi‘?“auiélqﬁ?}“i%ﬁ@%rﬂ%’?@?g@?lyﬂﬂ}‘ebﬁ%r?ﬁﬁff?@s‘?or? wogd B r%g{cl)l[%ggéfle nor e
reliably. daim4 describes an air conditioning system pressure adjusting

devi ces | N RECRNHANES MahloA VIV She Bht Portlor! B Hapdthied Apiin(ieore beiiiy! | C

power ed expansi-on v pressure ecting means, and openi ng adjusting
means are constructed as a single integral unit. Since this air

condi t i onidpgvsinss &P Enesedsoe Cadpdmtntyg ifiketecie ai poraorsivhgtediqund agcuinmulaam be
25 April 2006 8 installed easily in, for exanple, the gaseous refrigerant

pi pe of an existing air conditioning . ) . :
occurs readily due to the shape and routing of the gaseous refrigerant pipe, there is the

possibility that liquid refrigerant and oil will accumulate in the portion of the gaseous
refrigerant pipe upstream of the electric powered expansion valve, subjecting the
10  compressor to conditions of insufficient oil and insufficient gaseous refrigerant intake.
Conversely, with the air conditioning system pressure adjusting device claimed here,
temporary liquefaction of the refrigerant in the gaseous refrigerant pipe can be prevented
because the electric powered expansion valve is disposed indoors instead of outdoors.
Thus, conditions of insufficient oil and insufficient gaseous refrigerant intake do not occur
15  at the compressor and the compressor can be protected more reliably.
Claim 4 describes an air conditioning system pressure adjusting device in accordance
with any one of claims 1 to 3, wherein the electric powered expansion valve, pressure
detecting means, and opening adjusting means are constructed as a single integral unit.

Since this air conditioning system pressure adjusting device is a single unit, it can be



systemin order to prevent freezing. of the indoor heat exchanger. Claim5
describes an air conditioning systemthat is provided mﬁtq§§§ QP &@gr unit,
a plurality of indoor units, a gaseous refrigerant pipe, P % sure
adjusting device in 5 accordance with any one of clains 1 to 4. The
outdoor unit has a conpressor and an outddoor heat exchanger. The indoor
unit has a conpressor and an indoor heat exchanger. The gaseous
refrigerant pipe has a plurality of gaseous refrigerant branch pipes
connect ed; j.ndo e - i [ -4t and
o aseous L R R B P g P
branch pi pes converge and which is 10 connected to the conpressor. The
pressure agijtein lin ogleti@vpreeent Sreezing efhe dndoor hestexcanpére gaseous refri gerant
branch pipes. In this air conditioning system the pressure adjusting
device is provided wth respect to sone of the indoor units, i.e., nore
than one i ndebimyhf¢scrbes anedis conhivioning systerp fhat jinpeyided yrith an ontdger unih@

i ndoor units that are provided with a pressure adjusting device can be run

15 in cool | ng..no ont i nuously even.when. the id LIt rature. i s
Fow For - BYRRHT T SRS Aot SRR P, 3 Bl g ETRE BT
load is provided in an office or the like by partitioning, the indoor unit
i nst al § ed giddridiRe VAR bNE DtddAmsar @ 4t Mae HatdobP @it He8Mh BémpréBsok tin@OR | NY
node continuously even when the outside tenperature is low by providing a
pressure adjusting device for that indoor unit only, thereby preventing the
25 April 206600hepsechmgere The gatcenunit has heomprass@mandfant indogydwaberschanger.
refrigerant branch pi pe downstream of the

The gaseous refrigerant pipe has a plurality of gaseous refrigerant branch pipes connected
to the indoor heat exchangers of the respective indoor units and a gaseous refrigerant
convergence pipe into which the gaseous refrigerant branch pipes converge and which is

10 connected to the compressor. The pressure adjusting device is connected to some of the
gaseous refrigerant branch pipes.

In this air conditioning system, the pressure adjusting device is provided with respéct
to some of the indoor units, i.e., more than one indoor unit but less than all of the indo_or
units. Thus, the indoor units that are provided with a pressure adjusting device can be run

15  1in cooling mode continuously even when the outside air temperature is low. For example,
when a server room or other room having a large thermal load is provided in an office or
the like by partitioning, the indoor unit installed in the room having the large thermal load
can be run in cooling mode continuously even when the outside temperature is low by

providing a pressure adjusting device for that indoor umit only, thereby preventing the




el ectric powered expansion valve and in the gaseous refrigerant convergence
pi pe from |liquefying and preventing the indoor unit fromgﬁszf%{%ﬂ aime®o
describes an air conditioning systemin accordance with cl g rein
the 5 indoor units corresponding to the gaseous refrigerant branch pipes
that do not have a pressure adjusting device connected thereto are
connected to the outdoor unit in such a manner that they can switch

bet ween cooling node and heating node. The operating capacity of the

out door upj J; i 3 RResbA ad
resul ti nggésﬁegﬁn?{%ﬁgge 5%&#%@5%@5@%‘%%%%g&ﬁrg‘gﬁe%&tgg%%g??{gn of S?%\dg?glfg?al ity
of indoor units. 10 This air conditioning system has indoor units connected
to the oubBe®k powdred Bxpdnsidnavalvensmiiein theafasdédue reftigprannicoferdratevpere Taml i ng
node and heating node and the operating capacity of its outdoor unit can
be adjusted in accordance with the total operating load resulting fromthe
cool i ng opawnefyingrind meevisating g iednor seit H9mofeeZE pl ural ity of indoor units.

In short, it is the type of air conditioning systemthat is capable of

-called sipgyult 15 h i ng. and l.ing,..l ' -
ot ot de' t enpoPHP PO o SRt SR Popblahotuth RhRE B8 B

one capabl e of sinultaneous heating and cooling) generally perforns
heating i bl WhA9BrERoRBing! BORE JA880ud Fetritktifit bRAICARIipdsORESs do ik thaé a
server roons. In short, only the 1ndoor units installed in roonms having

| arge thernal |oads, e.g., server roonms, are run in cooling node. Since
the refri gesant adpatingdetibe comdotd thetetos areann@BedApsr fhe QUEBT 1Mitamesuchni ng
in cooling node returns to the outdoor unit through the gaseous refrigerant

manner that they can switch between cooling mode and heating mode. The operating

' capacity of the outdoor umit can be adjusted in accordance with the total operating load
resulting from the cooling operation and heating operation of the plurality of indoor units.

10 This air conditioning system has indoor units connected to the outdoor unit in such a

manner that they can switch between cooling mode and heating mode and the operating

capacity of its outdoor unit can be adjusted in accordance with the total operating load

resulting from the cooling operation and heating operation of the plurality of indoor units.

- In short, it is the type of air conditioning system that is capable of so-called simultaneous

15  heating and cooling. In the winter when the outside temperature is low, this kind of air

conditioning system (i.e., one capable of simultancous heating and cooling) generally

performs heating in all rooms except those having large thermal loads, such as server

rooms. In short, only the indoor units installed in rooms having large thermal loads, e.g.,

server rooms, are run in cooling mode. Since the refrigerant leaving the indoor units that



pipe, there is the possibility that the indoor heat exchangers of the

i ndoor units running in cooling node will freeze. However, since _the

i ndoor units installed in roons having |arge thernal | oads28APrii2086 5
exclusively for cooling are provided with pressure adjusting devices, those
i ndoor units can be run in cooling nodd0continuously even when the outside
tenperature is |low because the pressure adjusting devices prevent the
gaseous refrigerant in the portions of the gaseous refrigerant branch

Gascous rart FEEln SR BEAIWREIS PRCaEA R e ® 2080 reisiomt e

10 i ndoor unit from freezing. Br| ef Descri pt| ons of the Draw ngs Figure 1
i's a scherpaid, ¢heté @Whehobdmsilifyedhhd ©eiRidor ﬁézft%ﬁbﬁang@rs%@ 11t ind 6@ Hids TR 1ﬂ%
systemin accordance with a first enbodi nent of the present 1 nven n
Figure 2 is a schematic view of the pressure adjusting device of an air
condi t i onicaglinsyetewmill freeexcor dance with the first enbodi nent of the present
invention. Figure 3 is a Mllier diagramshowing the refrigeration cycle of
an air COﬂdIﬁbOﬂlng S &gnl n accordaHﬁf wth the first enbodi nent of the
present i nvehPEKST ?‘lﬂéﬁ ipdqog ugitsiagiatied ndogmeRayns dage thermaldeadsnd aped ui ¢
of a conventional air 25 April 2006 11 conditioning system Figure 5 is a

Mol Ties didQiam SN BMBSdd Sre HEVIIE Wit stV hfustlngPa SR CALEO B0 R ihits

can be run in cooling mode continuously even when the outside temperature is low
because the pressure adjusting devices prevent the gaseous refrigerant in the portions of
the gaseous refrigerant branch pipes downstream of the electric powered expansion Valyes
and in the gaseous refrigerant convergence pipe from liquefying and also prevent the

10 indoor unit from freezing.

Brief Descriptions of the Drawings
Figure 1 is a schematic view of the refrigerant circuit of an air conditioning system in
accordance with a first embodiment of the present invention.
15 Figure 2 is a schematic view of the pressure adjusting device of an air conditioning
system in accordance with the first embodiment of the present invention.
Figure 3 is a Mollier diagram showing the refrigeration cycle of an air conditionjr_ng
system in accordance with the first embodiment of the present invention.

Figure 4 is a schematic view of the refrigerant circuit of a conventional air



conditioning system Figure 6 is a schematic view of the refrigerant
circuit of an air conditioning systemin 5 accordance w Fé‘i&’sﬁﬁ?@(g

enbodi ment of the present invention. Figure 7 is a diagra 1} ing the
flow of the refrigerant during sinultaneous heating and cooling operation
in an air conditioning systemin accorddhce with the second enbodi nent of
the present invention. 10 Preferred Enbodi nents of the Invention

Enbodi ments of the present invention will now be described with reference

to the draw: Lrst Enbodi ment] (1) Constituent Features of the Air
Condi ti oni‘z%&@%?%%f%&ﬁﬁ gure 1 is a schematic view of the refrigerant

circuit of an air conditioning systeml1 in accordance with a first

enbodi ment  oFfighfes p§ @dbllict Ak@Rirh @RowihBethiréfrigeRdbh icQMe T a SdSlehfiddal laf

equi pped chiefly with one air-cool ed outdoor unit 2 and a plurality of
(three i-n this enbodi nent) indoor units 3, 4, 5 connected to the outdoor
unit 2 i ncprdieniag systemi s used, for exanple, to air-condition an office or
the like. Among the indoor units 3, 4, 5, the 25 April 2006 12 indoor unit

3 is instal I]%% in aroom33 that%ﬁﬁl alﬁerver roomfitted wth, server .
equi prent . N tehiqhgmatip ¥ienofihe setfgerant qicgugl of ag aén rondigoniesyRgPyiad
heat than the roons 34, 35 in which the other indoor units 4, 5 are

i nstal § edgaccordance with a second embodiment of the present invention.

Figure 7 is a diagram illustrating the flow of the refrigerant during simultaneous
heating and cooling operation in an air conditioning system in accordance with the second

embodiment of the present invention.

10 Preferred Embodiments of the Invention
Embodiments of the present invention will now be described with reference to the
~ drawings.
[First Embodiment]
(1) Constituent Features of the Air Conditioning System
15 Figure 1 is a schematic view of the refrigerant circuit of an air conditioning system 1
in accordance with a first embodiment of the present invention. The air conditioning
system 1 is equipped chiefly with one air-cooled outdoor unit 2 and a plurality of (three in
_ this embodiment) indoor units 3, 4, 5 connected to the outdoor unit 2 in parallel. It is

used, for example, to air-condition an office or the like. Among the indoor units 3, 4, 5, the




The outdoor unit 2 is equipped chiefly with a conpressor 11 and an out door

heat 5 exchanger 12 and is installed outdoors. The conpre r, IS a
device for conpressing gaseous refrigerant to a prescribé%§§P5§é9¢€. The

out door heat exchanger 12 is a device that exchanges heat between the
refrigerant and the outside air and is d42so-called air- cool ed heat
exchanger. The indoor units 3, 4, 5 are equipped chiefly with an expansion
valve 13, 14, 15 and 10 an indoor heat exchanger 23, 24, 25. The expansion

Uhat 1s conbilnalR B5 W RACRER 1 Fio B R To 8 i Sk’ SUERBEE hean

exchanger 12. The indoor heat exchangers 23, 24, 25 are devices for

exchangi n@oneafuch@y, WeehohNes KA heef ARbudt HRUisBREERAL M8 I8 SdUsSH, by
t he expansion valves 13, 14, 15 and the air insrde each room 15 The

out door heat exchanger 12 and the expansion valves 13, 14, 15 are connected
t oget her Ibwhich thegthed indobr igigr fiftarpins@lliéd. The i ndoor heat exchangers 23,
24, 25 and the conpressor 11 are connected together by a gaseous
refrigerant pipe 17. The liquid refrigerant pipe 16 has a liquid
refrigerant %b%@&lﬁdggﬁel@ﬂp% ﬁee%apqdh%l}lef%é “anhEempEesty tnand guquidooshephe
out door heat exchanger 12 and liquid refrigerant branch pipes | 6b, 16¢c, 16d

25 El i OHi ' .
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respectively. The gaseous refrigerant pipe 17 has a gaseous refrigerant

; ﬁ gver gengasddup eeftigarahh &t a ipfese AP FileShrd. O Hehdutd dtir eaOéx chBret AP @S &&ficel 1
that exchanges heat between the refrigerant and the outside air and is a so-called air-
cooled heat exchanger.

The indoor units 3, 4, 5 are equipped chiefly with an expansion valve 13, 14, 15 and

10 an indoor heat exchanger 23, 24, 25. The expansion valves 13, 14, 15 serve to reduce the
pressure of the liquid refrigerant that is condensed by the exchange of heat taking place in

the outdoor heat exchanger 12. The indoor heat exchangers 23, 24, 25 are devices for
exchanging heat between the refrigerant that has been pressure-reduced by the expansion

" valves 13, 14, 15 and the air inside each room.

15 The outdoor heat exchanger 12 and the expansion valves 13, 14, 15 are connected
together by a liquid refrigerant pipe 16. The indoor heat exchangers 23, 24, 25 and the
compressor 11 are connected together by a gaseous refrigerant pipe 17. The liquid

refrigerant pipe 16 has a liquid refrigerant convergence pipe 16a that is connected to the

outlet of the outdoor heat exchanger 12 and liquid refrigerant branch pipes 16b, 16¢c, 16d




gaseous refrigerant branch pipes 17b, 17c, 17d that are connected between

t he gaseous 5 refrigerant convergence pipe 17a and each ofE%ge_i gor heat
exchangers 23, 24, 25, respectively. A pressure adj ustinguapfil is
installed in the gaseous refrigerant branch pipe 17b. Thus, the pressure
adj usting device 6 is provided with respect to the indoor unit 3 installed
in the room 33. The pressure adjusting device 6 functions to adjust the
pressure of the refrigerant in the indoor heat exchanger 23 which

refrigerapg S f i 3 402
i gner pr o2t JcRENRRERRh IS Rl MARIr LAGEIREITIORL A adPof B5° s
of the other indoor units 4, 5. (2) Constituent Features of the Pressure

Adj ust i ngeReviios vafves e, A r1Coaphitiveni Mhe gByoue Rifigguntpipe ilF Ias acheemisi ¢
view of the pressure adjusting device 6 of the air conditioning 15 system
1. The pressure adjusting device 6 is a single unit equipped with a
pressure refdgeent gnyvengamss Bpe 13n tlates:wmw@ctpgmlﬂmm@t ke eemprgssps 14 andand
an opening adjusting means 63 and is arranged externally to the indoor

unit 3. The pressure detectin s. 61 i pressure uge for detecting
the pr essﬁ?sgg%f%(ége%’i‘t brapely B%F?gzg’alrfc’ tlhi tﬁﬂﬁ%FOWb‘eﬁfE’gZ‘?ﬁgﬁ%‘ggﬂg PE°YF t he
i ndoor unit 3 and transmts the 25 April 2006 14 detected refrigerant

pressuy e Y&J‘lg&aﬂt‘)céﬂ%rggﬂgé"?ggt ﬁ‘g&;[ HlZ(%(igEC'(g;[ ggﬂ?zz ierg%or hba QR&MAe: 2d) ust b

means 63 I's control “devi ack control” to adjust the
opening of the electric powered expansion valve 62 based on the pressure
val ue respectively. A pressure adjusting device 6 is installed in the gaseous refrigerant branch

. pipe 17b. Thus, the pressure adjusting device 6 is provided with respect to the indoor unit
3 installed in the room 33. The pressure adjusting device 6 functions to adjust the pressure
of the refrigerant in the indoor heat exchanger 23 which refrigerant has been pressure-
10 reduced by the expansion valve 13 to a higher pressure than the refrigerant in the indoor
heat exchangers 24, 25 of the other indoor units 4, 5.
(2) Constituent Features of the Pressure Adjusting Device of the Air Conditioning
System
Figure 2 is a schematic view of the pressure adjusting device 6 of the air conditioning
15 ° system 1. The pressure adjusting device 6 is a single unit equipped with a pressure
~ detecting means 61, an electric powered expansion valve 62, and an opening adjusting
means 63 and is arranged externally to the indoor unit 3.
The pressure detecting means 61 is a pressure gauge for detecting the pressure value

of the refrigerant the indoor heat exchanger 23 of the indoor unit 3 and transmits the




of the refrigerant detected by the pressure detecting neans 61 such that
the pressure value 5 of the refrigerant is adjusted to a gﬁi cr_iﬁ(géie
pressure setting value. The pressure setting value of th %EH

adj usting neans 63 can be changed. The opening adjusting nmeans 63 is
capabl e of forcefully providing the el et4ric powered expansion val ve 62
with an opening value that is appropriate for oil recovery node when the
systemruns in oil recovery node in order to return lubricating oil that
has accumylated dfellft HRSERNII RS bp BRI tchds 69 t he conpressor 11
it provides this opening value in response to an oil recovery node signal
issued fromthe main control unit 20 of the air conditioning system 1. The
el ectri c powEhedpaxpandjusimguatans 84s iascodirsipdesent tatvexstutesn fecdbackmenpoke®sur e
detecting neans 61 and is an adjustable valve that can open an cl ose
automatically in 15 response to a signal fromthe qpenjng_ adjusting, neans
63. Due 't 8diuFcthe gpaing akihe olecing peverad suanpen VAVE S2 drerdeon the dresswedipiue
adjusting device 6 can adjust the pressure of the refrigerant in the

i ndoor heat..exchanger ,2 f i i i r an
t he refriSgpgﬁFHﬁﬁ%Fﬁgmgﬁg%g&q%%%%g%%%ﬁgﬁg%$§gﬁ%?63§“§?&§%%B5?%%%%Q?% oor
units 4, 5. 25 April 2006 15 (3) QOperation of the Air Conditioning System
and the PoessUfedri AFhMSE a0fisfea b GEprEQLibed Prakire Refing Vaied The GRedhle RRiHY
. system 1l and the pressure adjusting device 6 will now be described using
Figures 1 to 3.

value of the opening adjusting means 63 can be changed. The opening adjusting means 63

is capable of forcefully providing the electric powered expansion valve 62 with an
opening value that is appropriate for oil recovery mode when the system runs in oil
~ recovery mode in order to return lubricating oil that has accumulated in the gaseous
10 refrigerant pipe 17 to the compressor 11; it provides this opening value in response to an
oil recovery mode signal issued from the main control unit 20 of the air conditioniﬁg
system 1.

The electric powered expansion valve 62 is disposed downstream of the pressure
detecting means 61 and is an adjustable valve that can open an close automatically in

15  response to a signal from the opening adjusting means 63.
Due to the constituent features described heretofore, the pressure adjusting device 6
- can adjust the pressure of the refrigerant in the indoor heat exchanger 23 of the indoor unit
3 to a higher pressure than the refrigerant in the indoor heat exchangers 24, 25 of the other

indoor units 4, 5.



[1] Operation when outside air tenperature is high (non-wi nter season) 5 As
shown in Figures 1 and 3, when the conpressor 11 is start%{%&r&d é@@sair
conditioning system1l is run, the gaseous refrigerant is L by the
conpressor 11 fromthe state at point AOin Figures 1 and 3 to a
prescribed pressure PdO (see point BOihS Figures 1 and 3) before being
delivered to the outdoor heat exchanger 12. In the outdoor heat exchanger
12, the gaseous refrigerant exchanges heat vvith the outside air and 10

condenses to j.oui d ok 1 and 3).
The condense{iﬁ1 drﬂggdlrﬂlogé)rfgé\e[ ?;(r:?g? mig&fsga{efhe g}eg%ﬁq oﬁ}lfhggp%g%hanger 12
to the expansion valves 13, 14, 15 of the |ndoor units 3, 4, 5 through the
l'iquid refri ks apdratiindss thé air MexditioniAg sfy@h @ and e prassubxpingingilevizk 668illl 3,
14, 15 to the gaseous refrigerant convergence pipe 17a will be expl ained.
Since the construction of this portion of the 15 refrigerant circuit is

di f f er ent npwrbetdsacrinedasmgdigures! im3.whi ch the pressure adjusting device 6 is
installed than for the other indoor units 4 5, the two different
arrangenent s_.ar escr.i bed. s t el arrangenent of the indoor

i 162 and B e R g bt o e finbet e bl e RISTE0RE. out door heat
exchanger 12 to the expansion valves 14, 15 of the indoor units 4, 5 25
April 2006 1Q.t g u ref g he
I|qU|dgrefrlggr%%?Hbgth%H%%gegﬂhfﬁé&h&pdﬁgﬁgﬁP éﬁgrgggﬁre o? éﬁﬁtﬁygﬂ{
refrigerant is reduced to PsO (see point DOin Figures 1 and 3) by the
expansi on cvalitiesing 4ystdib.1 isui,the igadony rdfiegdraraXs banpessed 24, the sompresor 11

from the state at point AC in Figures 1 and 3 to a prescribed pressure Pd0 (see point BO in
Figures 1 and 3) before being delivered to the outdoor heat exchanger 12. In the outdoor
heat exchanger 12, the gaseous refrigerant exchanges heat with the outside air and
10 condenses to a liquid refrigerant state (see point CO in Figures 1 and 3). The condensed
refrigerant liquid is fed from the outdoor heat exchanger 12 to the expansion valves 13, 14,
15 of the indoor units 3, 4, 5 through the liquid refrigerant pipe 16.
Next, the cycle from the expansion valves 13, 14, 15 to the gaseous refrigerant
convergence pipe 17a will be explained. Since the construction of this portion of the
15  refrigerant circuit is different for the indoor unit 3 in which the pressure adjusting device 6
1s installed than for the other indoor units 4, 5, the two different arrangements are
described separately.

In the arrangement of the indoor units 4 and 5, the liquid refrigerant is delivered from

the outdoor heat exchanger 12 to the expansion valves 14, 15 of the indoor units 4, 5




pressure-reduced refrigerant exchanges heat with the air inside each’

respective room 34, 5 35 and evaporates, changing to a gagﬁp iéﬁqﬁgerant
state (see point AOin Figures 1 and 3). The evaporation éﬁ%g e of

the refrigerant in the indoor heat exchangers 24, 25 is the tenperature TO
corresponding to the pressure PsO Thisl@aseous refrigerant passes through
t he gaseous refrigerant branch pipes 17c, 17d and converges into the
gaseous refrigerant convergence pipe 17a. 10 In the arrangenent of the

i ndoor unj i 10l j ' [ : . . heat
exchanger T3t b gt 1 ch ARG AL bibe 16 @ A AR fon B Mipals
liquid refrigerant convergence pipe 16a and the liquid refrigerant branch
pi pe 16b a6 lfdeandpthesmessarobf threlifuid ukthigeeit iigesdanéd ke Ps@dsseesbiitoDBsia (see
point D2 in Figures 1 and 3) by the expansion valve 13. In the indoor heat
exchanger 23, the pressure-reduced refrigerant 15 exchanges heat with the
air insidBiguEes I )3y hagxpansivarvales ,14cg%ﬂgﬁhﬁglﬂﬂ@rdlegh@@b@@er&%‘hr2i5g‘é16ant

state (see point A2 in Figures 1 and 3). The evaporation tenperature of the

refrigerant in the indgor heat exchanger 23 is.the.fe rature T2
Cor r eopontiit e 6 P Paeat e RS REEVTE thecel dhidte PR shhPse iR oo 3
device 6 is installed in the gaseous refrigerant branch pipe 17b, the

pressuse 85 ahilevie £tEQ%h§r[Eirc11é E);é fgé‘éééﬂsofc%ﬁﬁ‘éiaﬂt%tait@ﬁ‘seé BIRRAR FiRhdeh 12006 17

heat exchanger 23 is reduce he el ectric powered expansion val ve 62 of
the pressure adjusting device 6 to the sane pressure PsO as the
ref ri ger af). The dvaporetidretenmpredae didlxt refieganangehesinddor 1Rt bathongers Bé 25 is
refrigerant flows into the gaseous refrigerant convergence
the temperature TO corresponding to the pressure Ps0. This gaseous refrigerant passes
through the gaseous refrigerant branch pipes 17c¢, 17d and converges into the gaseous
refrigerant convergence pipe 17a.

10 In the arrangement of the indoor unit 3, the liquid refrigerant is delivered from the
outdoor heat exchanger 12 to the expansion valve 13 of the indoor unit 3 through the
liquid refrigerant convergence pipe [6a and the liquid refrigerant branch pipe 16b and the
pressure of the liquid refrigerant is reduced to Ps2 (see point D2 in Figures 1 and 3) by the

* expansion valve 13. In the indoor heat exchanger 23, the pressure-reduced refrigeraht

15  exchanges heat with the air inside the room 33 and evaporates, changing to a gaseous

refrigerant state (see point A2 in Figures 1 and 3). The evaporation temperature of the

refrigerant in the indoor heat exchanger 23 is the temperature T2 corresponding to the

pressure Ps2. Also, since the pressure adjusting device 6 is installed in the gaseous

refrigerant branch pipe 17b, the pressure of the refrigerant that evaporated in the indoor




pi pe 17a. In short, the pressure adjusting device 6 detects the evaporation
pressure of the 5 indoor heat exchanger 23 of the indoor it 3 with the
pressure detecting nmeans 61 and adjusts the opening of thES@P@&?pg@
power ed expansi on val ve 62 using the opening adjusting neans 63 such that
prescri bed pressure setting value Ps2 ig70obtained. Then, the gaseous
refrigerant is drawn into the conpressor 11 through the gaseous

refrigerant convergence pipe 17a. In this way, the air inside the roons 33,

34, 35 ise909 Moly when outsi.de air te re is | ow
(W nt er se%%orﬁg Haﬁ%}% Ea%g d?gen %ﬁ ¥ FRdriGReR TS <Xpansion il n\rf)ea%%f’gﬂ}esprfawq s
basically the sane as when the outside air tenperature is high. The

di f f er encegjubriigvaevicé BetoORE 'saik PresIRNPINSs tHRULHE Heakiih tﬁ@ 8&%{ dtof He%tel ow

and the operatlon when the outside air tenperature is high wll now
described. 15 Wien the outside air tenperature is low, i.e., lower than the
t enper at urekclahgerne?4, gadedors thefefrigemamflows intbdho gesorarfrifanntt doaveRseaUS
refrigerant to be cooled and liquefied wthin the gaseous refrigerant pipe
17 as it trave;s fromthe outlets of the indoor heat exchangers 23, 24, 25
to the coRfife@of fhort, ﬁh%ﬂ@ﬁﬁ%éflg%‘g@dl?glqeeﬁr dsterds Hisrevpporatian pressire of dhar t o

prevent this fromoccurring, the intake pressure of the conpressor 11 is

set toca r . . | ower t han.the u used
ohen tho SR0BPhEL: SRhAP ABCPIR abP il 38kich ' BELrd ARG RIBLE I N 51
conditioning system 1l operates at a |lower refrigerant tenperature.

adjusts the opening of the electric powered expansion valve 62 using the opening
adjusting means 63 such that prescribed pressure setting value Ps2 is obtained.

Then, the gaseous refrigerant is drawn into the compressor 11 through the gaseous
refrigerant convergence pipe 17a. In this way, the air inside the rooms 33, 34, 35 is cooled.

10 . [2] Operation when outside air temperature is low (winter season)

The operation when the outside air temperature is low is basically the same as when
the outside air temperature is high. The differences between the operation when the
outside air temperature is low and the operation when the outside air temperature is high
will now be described.

15 When the outside air temperature is low, i.e., lower than the temperature of the
. gaseous refrigerant, it becomes easy for the gaseous refrigerant to be cooled and liquefied
within the gaseous refrigerant pipe 17 as it travels from the outlets of the indoor heat

~ exchangers 23, 24, 25 to the compressor 11 through the gascous refrigerant pipe 17. In

order to prevent this from occutring, the intake pressure of the compressor 11 is set to a




The indoor units 4 and 5 of the air conditioning unit 1 operate according
to the refrigerant 5 cycle indicated by the single-dot c@g;n Li@fs j oi ni ng
points Al, Bl, d, and DI in Figure 3 and the indoor unit 2 ApEIZQ8;
according to the refrigerant cycle indicated by the lines joining points
A, B, d, D2, A2, and Al in Figure 3.18&i nce the intake pressure of the
conpressor 11 falls fromPsO to Ps3, the evaporation tenperature of the
refrigerant in the indoor heat exchangers 24, 25 of the indoor units 4, 5
10 falls tg.a t ture TI at ich there,is the possibility that_ the

i ndoor heg}fes%‘%mgé%sls éﬂ‘?erZ%laWtF? PresgEs diseq hep dhe Auisle trrameratke pahighr s

24, 25 for the roons 34, 35 freeze, the expansion valves 14, 15 are cl osed
and the i gde@urdpoys 4, S5 are operated in fan-only node so that the indoor
heat exchangers 24, 25 can be returned fromtheir frozen state to a norna
state. Consequently, such tenporary inconveniences as a rise in the

t enper at ur e Thusi, tiwi chdird hie conditisnifg sysdém dogperatesHn\selo@er rdffipganttempérature.
serious probl em because the thermal |oads of the roons 34 and 35 are
smal l er than the thermal |oad of the room 33. Meanwhile, the thermal |oad
of the rodhs Fulopsunisy 4andp@f theeair eppddtontsnick epgrAgaccadingdd theefiigrtayr

unit 3 cannot be allowed to freeze if the server equipnent is to be
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23 adjusts the refrigerant pressure Ps2 of the indoor heat exchanger 23

such t hat afdenceMABSYF it QNofLATRE h&lokifg b@%%gqrmrﬂ%reainmc%teﬁ%y (e Bhnes 2
tenperature approxi mately ‘equal to the evaporation t'enperature "when the

outside
joining points Al, B1, C1, D2, A2, and A1l in Figure 3.

Since the intake pressure of the compressor 11 falls from Ps0 to Ps3, the evaporation

temperature of the refrigerant in the indoor heat exchangers 24, 25 of the indoor units 4, 5

10 falls to a temperature T1 at which there is the possibility that the indoor heat exchangers

24, 25 will freeze. If the indoor heat exchangers 24, 25 for the rooms 34, 35 freeze, the

expansion valves 14, 15 are closed and the indoor units 4, 5 are operated in fan-only mode

so that the indoor heat exchangers 24, 25 can be returned from their frozen state to a

normal state. Consequently, such temporary inconveniences as a rise in the temperature

15 inside the rooms 34, 35 occur. However, this is not a serious problem because the thermal
loads of the rooms 34 and 35 are smaller than the thermal load of the room 33,

Meanwhile, the thermal load of the room 33 is large and the indoor heat exchanger 23

~ of the indoor unit 3 cannot be allowed to freeze if the server equipment is to be maintained

at a normal operating state. Therefore, the pressure adjusting device 6 installed




air tenperature is high) at which freezing of the indoor heat exchanger 23
does not occur. 5 [3] Operation in oil recovery node Duriqgsggnhéﬁi | oad
operation of the air conditioning system1, |ubricating oi %
conpressor 11 accumul ates chiefly in the gaseous refrigerant pipe 17. Wen
this occurs, the systemis operated i n1i| recovery node, i.e., the
expansi on valves 13, 14, 15 di sposed upstream of the indoor heat
exchangers 23, 24, 25 are opened fully while running the 10 conpressor 11
in order YgwRksAnt BE teURtbsPhdaP RxHahe ACEY RALAL 8Kk tdfrifdiant! SbEsuBLPANLS Bier CUI t
toward the inlet of the conpressor % Since the electric powered expansion
val ve 62 of the pressure adjusting device 6 can al so be opened fully in
response fimiocbhbedt eethangerdifesugh thmb the shporaticotempethtie brtdathes atempeatnt dl

unit 20 of the air conditioning systenil the lubricating oil accunul ated
in the refrigerant piping of th ind? uni t I.S recover ed |n he 15 same
manner as (¢-&e?|'SBPSTEREG ARProximatdy Gadal &0 Ee ‘i"ﬁp?lﬁ%mi terpnegtyTe Y hem; the Qytstte ¢ he
i ndoor units 4 and 5. (4) Characteristic features of the Air Conditioning
System Pr tyd f r
Condi ti on?ﬁg <ee ‘y'%hlu%}gpe %c’%er ee?lﬂlg ‘gh?eﬁﬁ éi&glie%téggkn%l glit%gri‘ig%eggq{g/g(t%élrﬁn
pressure adjusting device and air condi tioning system 25 April 2006 20

equi ppgd MAtEﬂKhﬁnﬁﬁﬁﬁnbﬂraﬁﬁa@dﬁ&ﬁﬁ with this enbodi nent have the

fol |l owi ng racteristic features. [1l] Prevents freezing of the indoor

heat exchanger
During partial load operation of the air conditioning system 1, lubricating oil from the

. compressor 11 accumulates chiefly in the gaseous refrigerant pipe 17. When this occurs,
the system is operated in oil recovery mode, i.e., the expansion valves 13, 14, 15 disposed
upstream of the indoor heat exchangers 23, 24, 25 are opened fully while running the

10 compressor 11 in order to push the lubrication oil accumulated in the refrigerant circuit
toward the inlet of the compressor 11. Since the electric powered expansion valve 62 of
the pressure adjusting device 6 can also be opened fully in response to the fuel recovery

" mode start command from the main control unit 20 of the air conditioning system 1, tne
lubricating oil accumulated in the refrigerant piping of the indoor unit 3 is recovered in the

15  same manner as the lubricating oil accumulated in the refrigerant piping of the indoor
units 4 and 5.
(4) Characteristic features of the Air Conditioning System Pressure Adjusting Device

and characteristic features of an Air Conditioning System Equipped with the Same

An air conditioning system pressure adjusting device and air conditioning system




A pressure adjusting device 6 in accordance with this enbodi mrent nmakes it
possible to 5 adjust the pressure of the refrigerant in E%ﬁAhﬁqﬂﬂﬁiheat
exchanger 23 to a prescribed pressure setting by adjusti tRE openi.ng of
the electric powered expansion valve 62. As a result, the pressure of the
refrigerant in the indoor heat exchange?0 23 can be adjusted to a higher
pressure than the pressure of the refrigerant in the gaseous refrigerant
pi pe 17 between the electric powered expansion valve 62 and the conpressor
11. Thus, 0 1Q, i i.0 ven en.; idet al reis
| ow, the %‘?‘g}%‘ge@r \gﬂg’f Q?%gaﬁgf #}r gdé‘r?"éﬁ Clgnw\@h{ehl% ﬁb@lrdhﬁéelgt h%if{: F\%ﬁggg&g%gcan
be adjusted to a pressure Ps2 that is higher than the pressure Ps3 such
that the gaaasstcabdtin@erant in the gaseous refrigerant pipe 17 downstream
of the electric powered expansion valve 62 is prevented fromliquefying and
the evaporation tenperature of the refrigerant beconmes a tenperature T2 at
whi ch t he 1591 ReyentsHesaringof Heripdgor bgatgxehanget freeze. As a result,
freezing of the indoor heat exchanger 23 is prevented and the indoor unit
3 can be run_ in coolin

. copt i ly. The .refri t e Ps2 of
he. i ndoor  nAGFesERERARGURE Seyi Gt et il But Frbs e JPRNRI RS The

pressure setting val ue of the opening adjusting neans 63 of the pressure

adj usting, devi ge- I%S%uﬁao bik @Pé%ﬁg.%éhf I iHREhARSEheat Rx@ihndbe 285 hiepdritea
system 1l e UlppedDMAt a pluralTty of 1ndoor units 3, 4, 5, the indoor
unit 3 installed in the room 33 where the thermal | oad is high can be run
i n cool i ngraange saeng bpudjusiing theepenihgof theelaticpaecred agemsion velvedH2) dwaby
installing this
- result, the pressure of the refrigerant in the indoor heat exchanger 23 can be adjusted to a
higher pressure than the pressure of the refrigerant in the gaseous refrigerant pipe 17
between the electric powered expansion valve 62 and the compressor 11. Thus, as shown
10 in Figure 3, even when the outside air temperature is low, the pressure of the refrigerant in
the indoor heat exchanger 23 can be adjusted to a pressure Ps2 that is higher than the
pressure Ps3 such that the gaseous refrigerant in the gaseous refrigerant pipe 17
downstream of the electric powered expansion valve 62 is prevented from liquefying and
the evaporation temperature of the refrigerant becomes a temperature T2 at which the
15  indoor heat exchanger 23 will not freeze. As a result, freezing of the indoor heat exchanger
23 is prevented and the indoor unit 3 can be run in cooling mode continuously.
The refrigerant pressure Ps2 of the indoor heat exchanger 23 can be adjusted easily by

simply changing the pressure setting value of the opening adjusting means 63 of the

pressure adjusting device.




ki nd of pressure adjusting device 6 for that indoor unit 3 only. 5 [2] GOl
recovery node A pressure adjusting device 6 in accordanceniéth,tgbs

enbodi ment is easy to interlock with a cormand fromthe APELAPYR|  uni t
20 of the air conditioning system1 because the electric powered expansion
valve 62 is electrically driven. The op2hing adjusting neans 63 not only
provi des the electric powered expansion valve 62 with an opening for 10
adjusting the pressure of the refrigerant in the indoor heat exchanger 23
but can al so rovi de.an openi that i.s appropriat.ge f il very.. nmode
when the systBRTRORG AT i 25 iephatanas svgtm ittt i  plorgtley of FiPT i
systemcan be run in an oil recovery node simlar to the oil recovery node
of conventi analth@indo&OnH 3 iR iSthe r6dTR 33 [wierd HRHIHASI To8d iPkibh CiYb&fun
conpressor protection 15 Wen, for exanple, the electric powered expansion
valve 62 is arranged in the outdoor portion of the gaseous refrigerant

pi pe 17, timeoolefgrmgdy emttinousiheveuowhérothe oitsidecteyasrbus is lowf by getadintg thispe 17
upstream of the electric powered expansion valve 62 will be cooled by the

outside air and partially liquefy. Then,_ the rtially liquefied

ref ri geraking & pregiieadiyshng S&@%%%f‘gt %il"thﬂé’rglggtoﬁl Y% powered expansion val ve
62 and the liquid portion is evaporated 25 April 2006 22 agai n before being
drawn into t : 1. Consequently, if there is a portion where
quuidsaccu é%?%%gﬁ%ggggéreadily due to the shape and routing of the
gaseous refrigerant pipe 17, there is the possibility that liquid
refrigerant anflelide aklsting@eviot bah acdodddne wid thisinbodiment is easy to interlock

with a command from the main control unit 20 of the air conditioning system 1 because
the electric powered expansion valve 62 is electrically driven. The opening adjusting
. means 63 not only provides the electric powered expansion valve 62 with an opening for
10 adjusting the pressure of the refrigerant in the indoor heat exchanger 23 but can also
provide an opening that is appropriate for oil recovery mode when the system is run in oil
" recovery mode. Thus, the air conditioning system can be run in an oil recovery mode
similar to the oil recovery mode of conventional air conditioning systems.
[3] Improves reliability of compressor protection
15 When, for example, the electric powered expansion valve 62 is arranged in the outdoor
portion of the gaseous refrigerant pipe 17, the refrigerant in the portion of the gaseous
" refrigerant pipe 17 upstream of the electric powered expansion valve 62 will be cooled by
the outside air and partially liquefy. Then, the partially liquefied refrigerant is reduced in

pressure by the electric powered expansion valve 62 and the liquid portion is evaporated



of the gaseous refrigerant pipe 17 upstreamof the electric powered
expansi on val ve 62, 5 thus subjecting the conpressor 11 t nd%%' s of
insufficient oil and insufficient gaseous refrigerant int g?” (#8grsely,
wWith a pressure adjusting device 6 in accordance with this enbodi nent,
tenporary liquefaction of the refrigera2®@ in the gaseous refrigerant pipe
17 can be prevented because the electric powered expansion valve 62 is

di sposed i ndoors instead of 10 outdoors. Thus, conditions of insufficient

| sposed i ndoors i nstead of 10 ou Thus, .
compr essore4 P Pnd faraRiq FeoBPPRs 1oharEa Bl BE R p ol Ve

inproved. [3] Integration Since a pressure adjusting device 6 in accordance

with this 1i§ﬂﬂaoa<ébﬁﬁﬂltatibl§ ofeuté RAiBy Aotk ShigdlReahtimdotthe galcaas Fifegqaner ed
expansi on val ve 62, the pressure detecting neans 61, and the opening
adjusting neans 63, it can be installed easily in, for exanple, the gaseous
ref ri ger apipedi7ptheaf isalne possibilitp ghalinuidoaftigeranhamigoib will agouimulate thethe portipmevent
freezing of the indoor heat exchanger. [Second Enbodi nent] 25 April 2006

23 Wil e the previous enbodinent_is an ex | e of applying the prese

i nvent i onof §ieagpseens, reRgREInLiRERR h{ uE%’Eeta@rr?f \%gte?‘?céﬂ%gg‘ge‘)éﬁ @gﬂ‘g}S{%‘I V?Y‘c'bgﬁ

cooling, it is also acceptable to apply the invention to an air

condi tg oniﬂ{}g st J%Et%?é %%%io&%?e%sgrolrl t§icg}f&i{i8&e&iﬁsnﬂﬁ@i€ﬁm1 ﬁ{lfjinglﬂﬁl:feﬁggaseous
refrigerant intake.

Conversely, with a pressure adjusting device 6 in accordance with this embodiment,
temporary liquefaction of the refrigerant in the gaseous refrigerant pipe 17 can be
prevented because the electric powered expansion valve 62 is disposed indoors instead of

10  outdoors. Thus, conditions of insufficient oil and insufficient gaseous refrigerant intake do
not occur at the compressor 11 and the reliability of the compressor protection can ‘F)e
improved.

[3] Integration

Since a pressure adjusting device 6 in accordance with this embodiment is a single

15 unit integrating the electric powered expansion valve 62, the pressure detecting means 61,
and the opening adjusting means 63, it can be installed easily in, for example, the gaseous
refrigerant pipe of an existing air conditioning system in order to prevent freezing of the

indoor heat exchanger.

[Second Embodiment}



An air conditioning system 201 for sinultaneous heating and cooling to
which the present 5 invention has been applied wll nomlgﬁagss%@hggd W th
reference to the drawings. (1) Constituent Features of th fl tioning
System Figure 6 is a schematic view of the refrigerant circuit of an air
conditioning system 201 in accordance #th a second enbodi ment of the
present invention. The air conditioning system 201 is provided chiefly

wi th one air-cooled outdoor unit 202 and a 10 plurality of (three in this
enbodi ment) { i r

out door unit %SBTPR#g%ﬁée %%?ﬁ5§%§m§8ﬂﬂfgfﬁﬂﬁﬁg%8%]?%%ﬁ 3%8%F¥|Ce or
the like. Anong the indoor unlts 203, 204, 205, the indoor unit 203 is

i nst al | ed airrvoaditionifigt system thafisIiBed excludiadinfdr dootifig Vit ishalSeidteptaBUb REBRL .
simlarly to the first enbodi nent. The server roomhas a |arger anmount of
di scharged heat than the rooms in which the other indoor units 204, 205 15
are i nst afiesgventiea tp g edrconditioning Gystemdlesigedafos sitwiaeeusdepting #nd evolidor
unit 202 in such a manner that they can be switched betmeen coollng node
and heati node whil.e th

St anert A 5N byt fem, o1 RR s Mng s heatii aid oo 8 i s phckEntyc

adj usted in accordance with the total operating |load resulting fromthe

cool i ng ORRALibPRaPEEn i édﬂ%lﬂﬂﬁ&@%&é&@n@é R rdfBEAQT 1o W &iiwafl3, 204, 205.
25 April 2006 24 [1] Cu door unit The out oor unit 202 is installed

out doors and |ncludes chiefly the follow ng devices and valves, which are
connect ed wi {1h CoaktitugerFeaturgsi qfitigAironditiphagsstedll 1, an out door

Figure 6 is a schematic view of the refrigerant cifcuit of an air conditioning system

201 in accordance with a second embodiment of the present invention. The air
conditioning system 201 is provided chiefly with one air-cooled outdoor unit 202 and a

10 plurality of (three in this embodiment) indoor units 203, 204, 205 connected in parallel to
the outdoor unit 202. Tt is used, for example, to air-condition an office or the like. Among

the indoor units 203, 204, 205, the indoor unit 203 is installed in a room that is a server
room fitted with server equipment, similarly to the first embodiment. The server room has

a larger amount of discharged heat than the rooms in which the other indoor units 204, 205

15  areinstalled. The indoor units 204 and 205 are connected to the outdoor unit 202 in such a
manner that they can be switched between cooling mode and heating mode while the
indoor unit 203 runs in cooling mode. The outdoor unit 202 is constituted such that its

operating capacity can be adjusted in accordance with the total operating load resulting

from the cooling operation and heating operation of the indoor units 203, 204, 205.




mai n heat exchanger 212a, a four-way selector valve 213, an outdoor
expansi on val ve 214, 5 an outdoor auxiliary heat exchange;¥$A2br(ﬁ#%outdoor
sol enoid valve 216, a liquid refrigerant shut-off valve ,pg_% t
gaseous refrigerant shut-off valve 218, and a second gaseous refrigerant
shut-of f valve 219. The conpressor 211 24 a device for conpressing gaseous
refrigerant. The intake side of the conpressor 211 is connected to the
four-way selector valve 213 and the second 10 gaseous refrigerant shut-off
val ve 219. T@j(pigcharge side of the conmpressor 211 is connected to the
four-way sel {GHIPAMPE 213 and the out door auxi | iary heat exchanger 212b.
The outdoor main heat exchanger 212a is a heat exchanger for evaporating

and condenstRgokid8or &fif 2@LIsARLtalisd MBS afd iriehilRs Bhieflfsha fdIRaling aevies and
forms the outdoor 15 heat exchanger 212 together with the outside

auxiliary heat exchanger 212b. The gas side of the outdoor main heat
exchanger a2d alvies, whicher¢ edniteotetl heith oefricwant piping: otompaksser 21B.an qudoor qui d
side of the outdoor main heat exchanger 212a is connected to the liquid

refrigerant shut-off valve 217. The outdoor, e nsi on, val ve 214 | vi ded
bet ween t Hin higa grehaggere? @P’ & %’é‘fﬂ’@ﬁ’ Jel5FioREILNe i&itﬂné’?&‘?ﬁﬁwféﬁ é{aliﬁ 25 ‘?’he
liquid refrigerant shut-off 25 April 2006 25 valve 217. The out door

expansigon val 14 . i e i I conRf 1.0y such
thar i1 cdl alfod: fifle gl AL EeP B o B e TR 0 ior
mai n heat exchanger 212a.

refrigerant shut-off valve 217, a first gaseous refrigerant shut-off valve 218, and a second
gaseous refrigerant shut-off valve 219.

The compressor 211 is a device for compressing gaseous refrigerant. The intake side

of the compressor 211 is connected to the four-way selector valve 213 and the second

10  gaseous refrigerant shut-off valve 219. The discharge side of the compressor 211 is

* connected to the four-way selector valve 213 and the outdoor auxiliary heat exchanger

212b.

The outdoor main heat exchanger 212a is a heat exchanger for evaporating and

condensing the refrigerant using the outside air as a heat source and forms the outdoor

15  heat exchanger 212 together with the outside auxiliary heat exchanger 212b. The gas side

" of the outdoor main heat exchanger 212a is connected to the four-way selector valve 213.

The liquid side of the outdoor main heat exchanger 212a is connected to the liquid

refrigerant shut-off valve 217. The outdoor expansion valve 214 is provided between the

| liquid side of the outdoor main heat exchanger 212a and the liquid refrigerant shut-off




The four-way selector valve 213 is a selector valve configured to nake the
outdoor 5 main heat exchanger 212a function as either an Q( é or a
condenser. The four-way selector valve 213 is connected tﬁggﬁﬂ %@g si de of
t he outdoor mai n heat exchanger 212a, the intake side of the conpressor
211, the discharge side of the conpressdf 211, and the first gaseous
refrigerant shut-off valve 218. Wien it makes the outdoor main heat
exchanger 212a function as a condenser, the four-way sel ector valve 213 can

connect the. 1 I sghar side of. the, co essor 211 to th as side of the
out door nﬁ?lﬁ’egzelglt c%‘%ﬁ% r SAP3RHRN avr?hv ecgﬁ het " tel%ﬂe&r'wntp f%"egi %‘é’ Bt hvél?ve
conpressor 211 to the first gaseous refrigerant shut-off valve 218.

Conver sel ¥onfhIREd kkchkes cﬁﬂ%d_{ﬁ'di 02 QmdRt Bf ReAkeraXCRRMAE thdh2R thd birgbdon as
an evaporator, the four-way sel ector valve 213 can connect the gas side of

the outdoor main heat exchanger 212a to the intake side of the conpressor
211 and comiebe¢at Eschangerdil@ehar ge si de of the conpressor 211 to the first
gaseous refrigerant shut-off valve 218. The outdoor auxiliary heat

exchanger 212b is connected i rallel with the oufdoo maj n _heat
exchanger 2138 &W-veas; %Ct?ro"arcf\‘ﬁgg%ésea Fﬂ@“%f’?li"ﬁé?‘ééﬁm?fgf%ﬁlal‘ﬁéheoﬁ‘t‘tg%re air
as a heat source. The outdoor solenoid valve 216 that can be opened and
cl osedcwhen . e ' .&s | L '% j fddabe PHE ARQK
i s G G R s
refrigerant evaporation amount of the outdoor heat exchanger 212 can be
adj ust ed. skidito} REOON1BRA Ednnected to the gas side of the outdoor main heat exchanger 212a,
the intake side of the compressor 211, the discharge side of the compressor 211, and the
first gaseous refrigerant shut-off valve 218. When it makes the outdoor main heat
exchanger 212a function as a condenser, the four-way selector valve 213 can connect the
10 discharge side of the compressor 211 to the gas side of the outdoor main heat exchanger
212a and connect the intake side of the compressor 211 to the first gaseous refrigerant
shut-off valve 218. Conversely, when it makes the outdoor main heat exchanger 212a
. function as an evaporator, the four-way selector valve 213 can connect the gas side of the
outdoor main heat exchanger 212a to the intake side of the compressor 211 and connect
15  the discharge side of the compressor 211 to the first gaseous refrigerant shut-off valve 218.
The outdoor auxiliary heat exchanger 212b is connected in parallel with the outdoor
main heat exchanger 212a and serves to condense the refrigerant using the outside air as a

. heat source. The outdoor solenoid valve 216 that can be opened and closed when

necessary is provided on the liquid side of the outdoor auxiliary heat exchanger 212b. As a



The indoor units 203, 204, 205 are each equi pped chiefly with an expansi on
val ve 223, 5 224, 225 and an indoor heat exchanger 233, 234, 2?2 and t hese
devi ces and val ves are connected together with refrigera £5ﬁpﬂ %QﬁThe

i ndoor expansion val ves 223, 224, 225 are electric powered expansion

val ves for reducing the pressure of the2biquid refrigerant during
operation in cooling node. The indoor heat exchangers 233, 234, 235
function as refrigerant condensers during heating node and as refrigerant

evapor at or, upl.n i 0) g’ Ref ri.gerant pjiping Jn {hi
errbodirnentr:ésu hgkﬁgggﬁgkﬁgg?ﬁééﬁgﬁgg%?%§$§gﬁfﬁhﬁgOﬁﬁ?gfhgggggﬁggﬁé?ﬁ%8%%ant
pi pe 252, and the second gaseous refrigerant pipe 253 are connected to the
out door Umetad@@iéd. The liquid refrigerant pipe 251 serves to connect the
liquid refrigerant shut-off valve 15 217 of the outdoor unit 202 to the

i ndoor units 203, 204, 205 and includes the followng: [liquid refrigerant
branch pi pes[Z3udnor26ite, 251d corresponding to the respective indoor wunits
203, 204, 205; and a liquid refrigerant convergence pipe 251a into which

| conmect e ! s S0 oB B e Soicaf SRS "
refrigerant branch pipe 25 Ib is connected to the 25 April 2006 . 27 .indoor
expansi on ;yal ¥ aﬁfm&o*a?.hbgtd@&wg% ?%g’?%é’ IEB@ ahli QK sg deSickd 984 3RtvedLANCH

L
pipe 251 ¢ Truns fromits junction Iquid refrigerant convergence
pi pe 251a and connects to the indoor expansion valve 224 of the indoor
unit 204, cpassiadgopdihaugith tefitedradtpipigs ClIRd indepr expansion valves 223, 224, 225 are

electric powered expansion valves for reducing the pressure of the liquid refrigerant
during operation in cooling mode. The indoor heat exchangers 233, 234, 235 function as
refrigerant condensers during heating mode and as refrigerant evaporators during cooling
10 mode.
[3] Refrigerant piping
In this embodiment, the liquid refrigerant pipe 251, the first gaseous refrigerant pipe
252, and the second gaseous refrigerant pipe 253 are connected to the outdoor unit 202.
The liquid refrigerant pipe 251 serves to connect the liquid refrigerant shut-off valve
15 _ 217 of the outdoor unit 202 to the indoor units 203, 204, 205 and includes the followin_g:
liquid refrigerant branch pipes 251b, 251¢, 251d corresponding to the respective indoor
units 203, 204, 205; and a liquid refrigerant convergence pipe 251a into which the liguid
refrigerant branch pipes 251b, 251c, 251d converge and which is connected to the liquid

refrigerant shut-off valve 217. The liquid refrigerant branch pipe 251b is connected to the



changeover device 207 (discussed later) in-between. The liquid refrigerant
branch pipe 5 251d runs fromits junction with the liquid refrigerant
conver gence pipe 25la and connects to the indoor expansidﬁ5ﬁaﬂ&€uﬁﬁ5 of
the indoor unit 205, passing through the heating/cooling changeover device
208 (discussed later) in-between. The f27st gaseous refrigerant pipe 252
serves to connect the first gaseous refrigerant shut-off valve 218 of the
outdoor unit 202 to the indoor units 204, 205 (i.e., the indoor 10 units

ot her than the in [ uni nd incl t foll-owm ng:, first eous
- Terri ger antiol! aifERSEh sl 2258t BB Bl AOE Ol o PR bbb PR,
units 204, 205; and a first gaseous refrigerant convergence pipe 252a into

whi ch t henfds Bdm JRS8RMFon" Rith tRELH QN rbh@BRht c@ive@g%naé&%e 2392 dn& @BMRIcBE0and

which is connected to the first gaseous refrigerant shut-off wvalve 218.
The first gaseous refrigerant branch pipe 252c runs fromits junction with
the 15 fi thstindersespansierf valgel24naf thoindeomanic2)4p pasin23kmugn thedeaneg'teoling t he
i ndoor heat exchanger 234 of the indoor unit 204, passing through the

heati ng/ cool i ng changeover device 207 in- bet n.. The fj.rst gaseaqus.
ot i gor aRANBPAYHE B IR OI5EiRERY [RFBr S T ot Jif FTiEent PioRgt PiRSs cous
refrigerant convergence pipe 252a and connects to the indoor heat exchanger
235 of:thecj gggr k- 208 ' - gﬁ ' gA [ hanggover
dovi oc® 208° 1SS TRl 5on SR AT SuAREAHEdad i AR BB ROR Ay EURAR
pi pe 253 serves to connect the second gaseous refrigerant shut-off valve
219 of the aqbé dadsorukpanddd walvehe2s ndodie tiobs WE,20804assdfd thrdigh the
~ heating/cooling changeover device 208 (discussed later) in-between.
The first gaseous refrigerant pipe 252 serves to connect the first gaseous refrigerant
shut-off valve 218 of the outdoor unit 202 to the indoor units 204, 205 (i.e., the indoor
10  units other than the indoor unit 203) and includes the following: first gaseous refrigerant
branch pipes 252¢, 252d corresponding to the respective indoor units 204, 205; and a first
gaseous refrigerant convergence pipe 252a into which the first gaseous refrigerant branch
pipes 252¢, 252d converge and which is connected to the first gaseous refrigerant shut-off
valve 218. The first gaseous refrigerant branch pipe 252¢ runs from its junction with the
15  first gaseous refrigerant convergence pipe 252a and connects to the indoor heat exchanger
234 of the indoor unit 204, passing through the heating/cooling changeover device 207 in-
between. The first gaseous refrigerant branch pipe 252d runs from its junction with the

first gaseous refrigerant convergence pipe 252a and connects to the indoor heat exchanger

235 of the indoor unit 205, passing through the heating/cooling changeover device 208 in-



i ncludes the follow ng: second gaseous refrigerant branch pipes 253b, 253c,
253d 5 corresponding to the respective indoor units 203, igﬁﬁﬁ%ga- and a
second gaseous refrigerant convergence pipe 253a into whic il 2808 nd
gaseous refrigerant branch pipes 253b, 253c, 253d converge and which is
connected to the second gaseous refrige28nt shut- off valve 219. The second
gaseous refrigerant branch pipe 253b runs fromits junction wth the
second gaseous refrigerant convergence pipe 253a and connects to the indoor
heat 10 e4%g%§ger 233 of the indoor unit 203, passing through the pressure
adj usting device 206 (discussed later) in-between. The second gaseous
refrigerant branch pipe 253c runs from its junction with the second

gaseous r ef r THErRBdndC @RIB19 §BEReRIND Hipd 333 Revea O B6irect ¢hd REconlNgResudreat
exchanger 234 of the indoor unit 204, passing through the heating/cooling

changeover device 207 in-between. The second gaseous refrigerant branch
pi pe 253d refagerantshiut-offi valve 3 19mdtthomtdgarhinitt?®2de theniddoppsmits 203,00d 2@ amit
convergence pi pe 253a and connects to the indoor heat exchanger 235 of the

i ndoor uni.t 205, passjng through the heating/cooling.changeover_ deyvice 208
i n- bet weeﬁr.mh[“%f ﬁgei‘il?wg“%df%g? e SR %‘?r%‘i‘tl gﬁnﬁﬂtlﬁlp?%gggﬁ”e a3fp e23d

adj usting device 6 of the first enbodinent, the pressure 25 April 2006 29
adj ust5ng G¥peRR0 el rabOalR Hab: G HRRI Ml Hodt RASSS gé&nﬁ.e%%%&ﬁbng

means 261, an ri c powered expansi on valve an openi
adjusting neans 263. It is provided in the second gaseous refrigerant

branch pi pefrig&aht covegneopipe s 3a infewhithdb®Eecond gaseous refrigerant branch pipes
253b, 253c¢, 253d converge and which is connected to the second gaseous refrigerant shut-
off vatve 219. The second gaseous refrigerant branch pipe 253b runs from its junction with
" the second gaseous refrigerant convergence pipe 253a and comnects to the indoor heat
10 exchanger 233 of the indoor unit 203, passing through the pressure adjusting device 206
(discussed later) in-between. The second gaseous refrigerant branch pipe 253¢ runs from
its junction with the second gasebus refrigerant convergence pipe 253a and connects to ﬂle
indoor heat exchanger 234 of the indoor unit 204, passing through the heating/cooling
changeover device 207 in-between. The second gaseous refrigerant branch pipe 253d runs
15  from its junction with the second gaseous refrigerant convergence pipe 253a and connects
to the indoor heat exchanger 235 of the indoor unit 205, passing through the

heating/cooling changeover device 208 in-between.

[4] Pressure adjusting device

Similarly to the pressure adjusting device 6 of the first embodiment, the pressure



unit 202 and the indoor unit 203 together. The pressure adjusting device
206 can adjust the 5 pressure of the refrigerant in the i r .

exchanger 233 of the indoor unit 203 to a higher pressurgﬂ?%ﬁﬂpfﬁﬁﬁ
refrigerant in the indoor heat exchangers 234, 235 of the other indoor
units 204, 205. Also, again simlarly t29the pressure adjusting device 6 of
the first enbodinent, the opening adjusting neans 263 of the pressure

adj usting device 206 is capable of forcefully providing the electric

power ed expansi on_val 262 with an opening.10 value that.is _appr iate
For il 1 ARBvie)dee 266 S sl ul sSBRPLT Pup o BTtSe iofbold o P e
fromthe main control unit 20 of the air conditioning system 201 when oil
recovery emBER t;éw%acwp%ﬂsioﬁ Slalvdeddd, ngHdc aR! dpRfingh A} G/RE meBY 268, Theis

i ndoor units 207, 208 are each equi pped chiefly with a subcooling heat
exchanger 15 241, 242, a | ow pressure gaseous refrigerant return valve
243, 244, pavided ihithhsqoed gaseeus (s goas traiohi mpe AMib, sup@l gonnetts ¢hdBlo@46.
The heati ng/ cool i ng changeover devices 207, 208 are configured such that,

when the in r its 204, 2 run in._cooling mpde, |iqui efrigerant can
be suppl i @alt%gﬁ@' ﬂ@ mmﬁrd%ﬂ%gﬁ?&eﬂ%ﬂhe@r?% % a9HHsHRS Gﬁ‘ﬁfgg%een L ough

the liquid refrigerant branch pipes 25 April 2006 30 251c, 251d of the

ol o3 TRISHEL W Pl Rfiadid, Aie ool $RGOACheP 9SS PG BUBGE Bnifd0s 692

The heati oling c geover devices r configure
that refrigerant evaporated in the indoor heat exchangers 234, 235 of the

i ndoor unhighe?Prbssu2Pdhan the refrigerant in the indoor heat exchangers 234, 235 of the other
indoor units 204, 205. Also, again similarly to the pressure adjusting device 6 of the first
embodiment, the opening adjusting means 263 of the pressure adjusting device 206 is
capable of forcefully providing the electric powered expansion valve 262 with an opening

10 value that is appropriate for oil recovery mode in response to an oil recovery mode signal

. issued from the main control unit 20 of the air conditioning system 201 when oil recovery

mode is executed.

[5] Heating/cooling changeover device

The indoor units 207, 208 are each equipped chiefly with a subcooling heat exchanger

15 241, 242, a low-pressure gaseous refrigerant return valve 243, 244, and a high-pressure
gaseous refrigerant supply valve 245, 246.

The heating/cooling changeover devices 207, 208 are configured such that, when the

indoor units 204, 205 run in cooling mode, liquid refrigerant can be supplied from the

" outdoor unit 202 to the indoor units 204, 205 through the liquid refrigerant branch pipes



can be delivered to the second gaseous refrigerant branch pipes 253c, 253d
of the second 5 gaseous refrigerant pipe 253 through the ggﬂfgte e
gaseous refrigerant return valves 243, 244. The heating/ fA Hﬁf ngeover
devi ces 207, 208 are configured such that, when the indoor units 204, 205
run in heating node, gaseous refrigeran80can be supplied fromthe outdoor
unit 202 to the indoor units 204, 205 through the first gaseous refrigerant
branch 10 pi pes 252c, 252d of the first gaseous refrigerant pipe 252 and

hoat | ng/ <851 A5  CALRB duB el BB B S SRR R e Bbep 242

that refrigerant condensed in the indoor heat exchangers 234, 235 of the

i ndoor uniths KQfingR0RifARKAR IR ¥&Had 07, heg |a@réllﬁlﬂhéref:6tif%ﬁémtsu€1{ apgh
pi pes 251c, 2b51d of the liquid refrigerant pipe 251 through the subcooling

heat exchangers 241, 242. 15 The subcooling heat exchangers 241, 242 serve
t 0 subcookeftiperaht epapokatedfin itiyemdoer hestipywhargirs 234, B85 bfithedndeamiungs 204, 20205
fromthe outdoor unit 202. More specifically, the heating/cooling
changeover devices 207, 208 each have a subcoolin vaiye %411 ﬁ48 and a
capi | | ar ycgmbe doliysrecoio the deromnd gapsons iBgsraniebIahclipey +335n 233 ehie speidy

refrigerant that is supplied to the heating/cooling changeover devices

2510 dbr i B Rbo gt o e 25 BEER (of RnRlpurg Jbolls LPERBRN: YN R (e

liquid refrigerant heading toward the indoor units 204, 205 to a subcool ed
state usiag i s pressure-reduced refrigerant as a cooling source.
Meanwhi | e, after the
The heating/cooling changeover devices 207, 208 are configured such that, when the
indoor units 204, 205 run in heating mode, gaseous refrigerant can be supplied from the
outdoor unit 202 to the indoor units 204, 205 through the first gaseous refrigerant branch
10 pipes 252¢, 2524 of the first gaseous refrigerant pipe 252 and the high-pressure gaseous
refrigerant supply valves 245, 246. The heating/cooling changeover devices 207, 208 are
further configured such that refrigerant condensed in the indoor heat exchangers 234, 235
of the indoor units 204, 205 can be delivered to the liquid refrigerant branch pipes 251c,
251d of the liquid refrigerant pipe 251 through the subcooling heat exchangers 241, 242,
15 The subcooling heat exchangers 241, 242 serve to subcool the liquid refrigerant
supplied to the indoor units 204, 205 from the outdoor unit 202. More specifically, the
heating/cooling changeover devices 207, 208 each have a subcooling valve 247, 248 and a

capillary 249, 250 for reducing the pressure of a portion of the liquid refrigerant that is

supplied to the heating/cooling changeover devices 207, 208 from the liquid refrigerant



refrigerant used as a cooling source is evaporated in the subcooling heat
exchangers 241, 5 242, it is returned downstream of the | o re 6§
gaseous refrigerant return valves 243, 244 and converges zﬁﬁﬁmfiﬁ
refrigerant evaporated in the indoor units 204, 205. The indoor unit 203
differs fromthe indoor units 204, 205 Bh that it is a dedicated cooling
unit connected to a pressure adjusting device 206 instead of a '
heati ng/ cool i ng changeover device 207, 208. In short, the air conditioning

system 201 i s, conf igur uch. 10 that it n rfaormsipul taneou i ng
and ool | NGRS I L3/ fied SR pigysr Tk RECOSHT RalParrRBsRt 3+ L2 Ve,
room can be run in cooling node while the indoor units 204, 205 are run in
heating mods @k 1ighRl FohgQRintUthding v A ché MRicbN HRQY 204)1205304 £BBodIEd Etdfe | N
cool ing node whil'e the indoor unrt 205 is run in heating node. (2)
Operation of the Air Conditioning System 15 The operation of the air

condi t i oniusiggsitss gmedte-wtudddi sefegbrodi mend edioling neoardse Meeswhild) eaftdrothea
case in which the outside air tenperature is |ow (w nter season) using
Figure 7. In this description, it wll be assuped that, when the outside
ai r tenpefdfigriant ysedjag g qopHing é?urgfeassfeyﬁwra{q?emit RiovoRtHg Nesh xS 241
condi tioning system 201 operates in cooling node in order to cool the air
i nsidesth e ' ' 4 : g

oper at s i B hant ey AATUEN el MO B bl oo R il F: 23
cooling are mxed in this manner, the refrigerant circuit of the air

condi t i oni2ag afy 56188 g WithSthe esthip Gt apsrael ONvthel ifd dor @uite204, 205.

The indoor unit 203 differs from the indoor units 204, 205 in that it is a dedicated
" cooling unit connected to a pressure adjusting device 206 instead of a heating/coolihg
changeover device 207, 208. In short, the air conditioning system 201 is configured such
10 that it can perform simultaneous heating and cooling. Thus, for example, the indoor unit
203 installed in a server room can be run in cooling mode while the indoor units 204, 265
are run in heating mode or the indoor unit 203 and the indoor unit 204 can be run in

cooling mode while the indoor unit 205 is run in heating mode.

(2) Operation of the Air Conditioning System

15 The operation of the air conditioning system 201 of this embodiment will now be
described for a case in which the outside air temperature is low (winter season) using
Figure 7. In this description, it will be assumed that, when the outside air temperature is

low (winter season), the indoor unit 203 of the air conditioning system 201 operates in

cooling mode in order to cool the air inside the server room and the indoor units 204, 205




(the flow of the refrigerant is indicated by arrows in the figure). 5 The
outdoor unit 202 is configured such that, when the operating | oad for
heatingis |arger than the operating | oad for cooling, t he2dPHbEPOGai n
heat exchanger 212a can be nmde to operate as an evaporator by sw tching
the four-way selector valve 213 to the 3bheating position (broken line in
Figure 7) and the outdoor auxiliary heat exchanger 212b can be made to
operate as a condenser by opening the outdoor solenoid valve 216 in 10
accordanc i.ph the.heathng operating |load. First, except for a portion
that is d??é%%ﬁg%?%nflgg%ﬁtdoor auxi liary heat exchanger 212b, the gaseous
refrigerant conpressed by the conpressor 211 is fed to the indoor units
204, 205 t hpaHgy ah Bperhnl modY iS ShRGtHRAtINAAMECodlidg atd@iddrif thid AHMAS the
refrigerant shut-off valve 218 and the first gaseous refrigerant pipe 252.
15 The gaseous refrigerant fed to the indoor units 204, 205 is directed

t hr ough t hefripérght ciprugtsafuthe agasadimningf gyistgar 201t isseopfiyred is\sbewR 48 Figue 7of

t he heating/ cool i ng changeover devices 207, 208 and into the indoor heat
exchangers, 234, 2 of..t he i.ndoor its 204, 205, where it condenses and
heats t he?tﬁf’%oi‘”nogtﬁ%rqf'ég?fé’&tt‘? i .%?t]?‘hgg'g@ndensed refrigerant

passes through the indoor expansion valves 224, 225 and the subcool i ng heat
25 April 200 : i PRhLNg

dovi cet 207, THQENERETEPE0R 1 niethid b R NREL IRrERRE 1aERATRERNED
portion of the refrigerant that is fed into the liquid refrigerant branch

pi pe 251b1drgerfthen khd Gieatinyeload @b v@linPd@e opeIodt main bBéat teRehangetoDI2alantbe
made to operate as an evaporator by switching the four-way selector valve 213 to the
heating position (broken line in Figure 7) and the outdoor auxiliary heat exchanger 212b
can be made to operate as a condenser by opening the outdoor solenoid valve 216 in

10 _ accordance with the heating operating load.

First, except for a portion that is directed to the outdoor auxiliary heat exchanger 212b,

the gaseous refrigerant compressed by the compressor 211 is fed to the indoor units 204,

* 205 through the four-way selector valve 213, the first gaseous refrigerant shut-off valve
218 and the first gaseous refrigerant pipe 252.

15 The gaseous refrigerant fed to the indoor units 204, 205 is directed through the high-
pressure gaseous refrigerant supply valves 245, 246 of the heating/cooling changeover
devices 207, 208 and into the indoor heat exchangers 234, 235 of the indoor units 204,

. 205, where it condenses and heats the air in the respective rooms. Then, the condensed

refrigerant passes through the indoor expansion valves 224, 225 and the subcooling heat




203, the condensed refrigerant passes through the liquid refrigerant

convergence pipe 251 a 5 and returns to the outdoor unit ..g§@$ ile,
the portion of the gaseous refrigerant conpressed by the g 211

that is directed to the outdoor auxiliary heat exchanger 212b is condensed.
This condensed refrigerant is mxed wi8h the refrigerant returning from
the indoor units 204, 205 through the liquid refrigerant pipe 251, reduced
in pressure by t he out door expansion valve 214, 10 and directed into t he

out door i o 212a. e it s eva r
ovapor at eq TeRERy FHn 2T S e heinglUSliRe oo LU2RRGR A7, 208 e Byt ne
four-way selector valve 213. In short, the flow rate of the gaseous

ref ri ger amguiRiuRR{defht pipemst hexcegtrfdﬂtaqrorﬁtm &ftﬂ@l?eﬁlgerﬁlliﬁhhtﬂﬁl Q@ intdtht $igR R
205 through the first gaseous refrigerant pipe 25 i s adjusted by the

condensation of refrigerant perforned by the outdoor auxiliary heat 15
exchanger rdfigerannbranéle pifecd§ Ibatbefacitifates theesriolieg enedecapemtionhef hatioder unit
expansion valve 214. The portion of refrigerant condensed in the indoor

units 204 05 is directed to the ndoor, uni t. . 203 through the i
ot 1§ ger aRP thereHSBIIacBtrtr b s g Riid S eaRCH g e £ A
: pressure by the indoor expansion valves 223, it is evaporated in the .indoor

25 April getri%slﬂf@%oﬁf%gﬂﬂﬁ?ﬁ 0233 and cools the air inside the server

roonrbefore el n pressure adjusting device 206. Simlarly to
the first enbodrnent the pressure adjusting device 206 adjusts the

refrigerant preessbile thérpdsﬂﬁenidﬂ@wgase@atremgémmgemp&a&d(b;ome espphgsor 211

~ that is directed to the outdoor auxiliary heat exchanger 212b is condensed. This condensed

refrigerant is mixed with the refrigerant returning from the indoor units 204, 205 through

the liquid refrigerant pipe 251, reduced in pressure by the outdoor expansion valve 214,

10  and directed into the outdoor main heat exchanger 212a, where it is evaporated. Then, the

evaporated refrigerant is drawn into the compressor 211 again through the four-way

selector valve 213. In short, the flow rate of the gaseous refrigerant supplied from the

outdoor unit 202 to the indoor units 204, 205 through the first gaseous refrigerant pipe 252

is adjusted by the condensation of refrigerant performed by the outdoor auxiliary heat

15 - exchanger 212b and the flow rate adjustment executed by the outdoor expansion valve
214,

The portion of refrigerant condensed in the indoor units 204, 205 is directed to the

indoor unit 203 through the liquid refrigerant branch pipe 251b. Then, after the refrigerant

is reduced in pressure by the indoor expansion valves 223, it is evaporated in the indoor




to Ps2 in Figure 3) so as to achieve an evaporation tenperature
(corresponds to T2 in 5 Figure 3) at which the indoor heat_exchanger 233
does not freeze. After having its pressure reduced by thez%Pﬁﬁba

adj usting device 206, the refrigerant is returned to the intake side of

t he conpressor 211 of the outdoor 202 uB#t through the second gaseous
refrigerant pipe 253. There are tinmes when the heating | oad of the indoor
units 204, 205 is small. In 10 particular, in recent office buildings the

amount o hDEU R ool LAMLEATRA S1onand R0 scO0 QIR UL than

t he server room’l an consequen ere are tinmes
heating load is small even in the winter when the outside air tenperature

is low  bRssiehdpsthf d8tice06! SenifdrBWor the €irstf critiRaibaus, iRl fre@afaMdjusting
returning to the outdoor unit 202 through the liquid refrigerant pipe 251
fromthe indoor units 204, 205 becones snmall and 15 the flow rate of
gaseous r étvicgdP@andjuste e refingerans pressursiin dooindaer heap exchanges 2G8 (céreesperndsnd
gaseous refrigerant pipe 253 fromthe indoor unit 203 becones relatively

| arge. Unde uch.conditions, without the pressure adjusting device, 206,
e ref 11 GLPShEn FFEE e Tol: BUI R SABURINS S HE oM s BaR 0 7 Botorre
too low and the possibility of the indoor heat exchanger 233 freezing

woul d be ki I I i i . ed at
e ol e AL e el RSB A A o enmecsr

freeze, the influence of the gaseous refrigerant returned to the outdoor
unit 202 tdiuoed) by thikepressacontjugingeizuie 206/ thg e¢ftigtrapl pectdbidfto oiie inekeisidkoor
unit 203 woul d becone large and it
. of the compressor 211 of the outdoor 202 unit through the second gaseous refrigerant pipe
253.
There are times when the heating load of the indoor units 204, 205 is small. In
10 particular, in recent office buildings the amount of heat emitted from computers and OA
equipment in rooms other than the server room is large and, consequently, there are times
when the heating load is small even in the winter when the outside air temperature is low.
In such a situation, the flow rate of gaseous refrigerant returning to the outdoor unit 202
through the liquid refrigerant pipe 251 from the indoor units 204, 205 becomes small and
15 the flow rate of gaseous refrigerant returning to the outdoor unit 202 through the second
gaseous refrigerant pipe 253 from the indoor unit 203 becomes relatively large.
Under such conditions, without the pressure adjusting device 206, the refrigera_nt

pressure inside the indoor heat exchanger 233 would become too low and the possibility of

the indoor heat exchanger 233 freezing would be high. Furthermore, if the system were




woul d be possible fior the gaseous refrigerant to |liquefy on the intake side
of the 5 conpressor 211. Conversely, since the systemis p§§Vidf§ @éth a
pressure adjusting device 206, even when the outside air ﬁﬁ@ P e is

| ow, the indoor unit 203 can be run continuously in cooling node because

t he gaseous refrigerant in the second tB& gaseous refrigerant pipe 253 is
prevented fromliquefying and the indoor heat exchanger 233 is prevented
fromfreezing. 10 As described heretofore, when the present invention is

lied t : i _ . I .
oat i ng agBeaslid adORtetnt Betthee SYSHEMA bbb ool SrARHATS: Moo hik rf R 01
obt ai ned. Even when the outside air tenperature is low, the room(e.g., a

server roey idfRehetd of theggfohd eEm@brahp adu@ad thahe Qatddr Gaftt 201 ehishoh W | e
perform ng simultaneous heating and cooling. 15 [Q her Enbodi nents

Al t hough enbodi nents of the present invention have been described herein
with ref épaond easepus telrigerant pigs 258 Heom phecinfloer wuha3 woeldibereme Jarae and é not
limted to those of these enbodinents and variations can be nade within a

scope that d not viate fromthe i st _aqf the.invention. 25 April, 2006
36°0T) A ovalibier Ressihi P S yarout reliston do sent Shafls fiiker RESR B on
to air conditioning systens used for cooling only or for sinmultaneous

L) 19 PR, b L 6 530 BN 4 A e B v
206, even when the outside air temperature is low, the indoor unit 203 can be run
continuously in cooling mode because the gaseous refrigerant in the second the gaseous
refrigerant pipe 253 is prevented from liquefying and the indoor heat exchanger 233 is
prevented from freezing.

10 As described heretofore, when the present invention is applied to an air conditioning
system 201 that is capable of simultaneous heating and cooling, the same effects as the
" first embodiment can be obtained. Even when the outside air temperature is low, the
room (e.g., a server room) having a large thermal load can be cooled continuously while
performing simultaneous heating and cooling.
15 {Other Embodiments}
Although embodiments of the present invention have been described herein with

. reference to the drawings, the specific constituent features are not limited to those of these

embodiments and variations can be made within a scope that does not deviate from the

gist of the invention.




and heating nodes. 5 (2) The nunbers of roons are not |limted to the
nunbers nentioned in the enbodinents. (3) In the first egﬁg&in&a@ t'he
pressure adjusting device is operated even during non- w Qs such
that the refrigerant pressure in the correspondi ng i ndoor heat exchanger
is higher than the refrigerant pressure3®én the other indoor heat
exchangers. 10 However, it is also acceptable to open the electric powered
expansion valve fully during non-wi nter seasons such that the
correspondi ng-i hgat .. ex ng e refrigera
pressure as @ﬁéﬁﬂﬁﬁ%$ ﬁ%d V&W% t&%§% éﬁ%§$8$%hég &% erae]nyﬁ%ﬁg?gégﬁ}e
adj usting device only during the winter season. (4) In the second

enbodi mentondifieniff sydtemi Rgdfor Wobkise BEK dtFot! PinduManSdud Heh@ALE OB cookingh @it | ng
and cooling type air conditioning systemis a dedicated cooling unlt t hat

is not connected to a heating/cooling changeover device, but the invention
i s not |i miveatdon carsalsh be appliedrtamgeiresanditidomgesysiom that switches hetiveam eonling

heati ng and coollng type air conditioning systemcould be configured such
that all. of h ? |nd r units are connected to a heating/cooling changeover
devi ce and™ figating Sunit used to cool the server roomor 25 April 2006 37
other roomwth a hlgh thermal | oad could have a pressure adjusting device

conneci ed i ne§ e*i‘h@sn ‘Pﬁﬁe@s tdrerdanRt LROMGP UK ¢)ARESRNHerd GNéifoned in the
Applicability“"to Indust

embodiments.

(3) In the first embodiment, the pressure adjusting device is operated even during non-
winter seasons such that the refrigerant pressure in the corresponding indoor heat
exchanger is higher than the refrigerant pressure in the other indoor heat exchangers.

10 However, it is also acceptable to open the electric powered expansion valve fully during
non-winter seasons such that the corresponding indoor heat exchanger is used at the same
refrigerant pressure as the othér indoor heat exchangers and to operate the pressure
adjusting device only during the winter season.

(4) In the second embodiment, one of the indoor units making up the simultaneous

15  heating and cooling type air conditioning system is a dedicated cooling unit that is not
connected to a heating/cooling changeover device, but the invention is not limited to such
an arrangement. For example, the simultaneous heating and cooling type air conditioning

system could be configured such that all of the indoor units are connected to a

heating/cooling changeover device and the indoor unit used to cool the server room or




5 By using the present invention, the refrigerant pressure in the indoor
heat exchanger can be adjusted to a higher pressure thané#$ﬁ r, | ger ant
pressure in the gaseous refrigerant pipe between the ele E"ﬁ% ed
expansi on val ve and the conpressor. Therefore, even when the outside air
tenperature is low, the refrigerant pre3dure in the gaseous refrigerant
pi pe downstream of the electric powered expansion val ve can be | owered so
as to prevent 10 the gaseous refrigerant fromliquefying and the

refrigera 2 1N L.hdeoqgr > an: ' Ich
that the ShsbERET I 4 Beh dferkf B0 O ERCHARART o Ming e PRE USRAIL ],

whi ch the indoor heat exchanger will not freeze, thus preventing the indoor
heat exchaggghrvifll BB hbateRzZdoddng Asanged®s dbtice.cONt i nuous operation in cooling
node can be acconplished even when the outside air tenperature is |low. 25
April 2006 38 [Clains] (1) A pressure adjusting device (6, 206) for

adj usting the pressure in the indoor heat exchanger (23, 233) of an air
conditioning system (1, 201) equipped with an outdoor unit (2, 202) having
a conpres;&r.&%é@y21 and an out door heat exchanger (12, 212), an indoor 5
unit (3, Bli Yig S hdoor heat exchanger (23, 233), and a gaseous
refrigerant pipe (17, 253) connecting the indoor heat exchanger (23, 233)
to thegconp : j i I i ng
provi dod i £ THE FirsfehinvhiG, (BE FERUGERERITE IDURSHIGE Mg srophst®
detecting the pressure value of the refrigerant in the indoor heat
exchanger c{i2Bc adj32d to a higher pressure than the refrigerant pressure in the gaseous refrigerant

pipe between the electric powered expansion valve and the compressor.  Therefore, even
when the outside air temperature is low, the refrigerant pressure in the gaseous refrigerant
pipe downstream of the electric powered expansion valve can be lowered so as to prevent
10 the gaseous refrigerant from liquefying and the refrigerant pressure in the indoor heat
exchanger can be adjusted such that the evaporation temperature of the refrigerant is a
temperature at which the indoor heat exchanger will not freeze, thus preventing the indoor
heat exchanger from freezing. As a result, continuous operation in coeling mode can be

accomplished even when the outside air temperature is low.



10 an el ectric powered expansion valve (62, 262) installed in the gaseous
refrigerant pipe (17, 253); and an opening adjusting neaQ%%gGS &@%) t hat
adj usts the opening of the electric powered expansion val P@&? 2)
based on the pressure value of the refrigerant detected by the pressure
detecting neans (61, 261) such that the3®ressure value of the refrigerant
is 15 adjusted to a prescribed pressure setting value. (2) An air

condi tioning system pressure adjusting device (6, 206) as recited in claim
1, wherein the opening adjusting nean(g%§3 263) is capable of providing
the electric powered expansion valve F , %62) wi th an openi ng val ue that
is appropriate for oil 25 April 2006 39 recovery node when the air

condi ti oninNYASHetaR hdjnstindd&ite (ECRUBYr ABFIStN tHe! fiREsuk® in HId Uiddor heat

| ubricating oil that has accunulated in the refrigerant circuit to the
conpressor (11, 211). 5 (3) An air conditioning system pressure adjusting
devi ce (6gexd@b)era@3y253) oédn iair cohditionibhgay@em (W20 Biaquipped alithcan outdgnawatited
expansi on valve (62, 262) is installed in the indoor portion of the

gaseous refrigerant pipe (17, 253). (4) An air_conditioni tem pressure
adj usti ng(%jéi@gbbavc@g,ag@myrea%orr(bb%@om R BB FRCReE UPndl2), dgndoor

wherein the electric powered expansion valve (62, 262), the pressure

et oct 0y REEA i PO BPEIBRAFhH S0 SRk GO 207,
253) connecting the indoor heat exchanger (23, 233) to the compressor (11, 211), the
pressure adjusting device (6, 206) being provided with the following:

a pressure detecting means (61, 261) for detecting the pressure value of the refrigerant
in the indoor heat exchanger (23, 233),
10 an electric powered expansion valve (62, 262) installed in the gaseous refrigerant pipe
(17, 253); and
an opening adjusting means (63, 263) that adjusts the opening of the electric powered
expansion valve (62, 262) based on the pressure value of the refrigerant detected by the

pressure detecting means (61, 261) such that the pressure value of the refrigerant 1s

15  adjusted to a prescribed pressure setting value.

(2) An air conditioning system pressure adjusting device (6, 206) as recited in claim 1,
wherein the opening adjusting means (63, 263) is capable of providing the electric

powered expansion valve (62, 262) with an opening value that is appropriate for oil




(5) An air conditioning system (1, 201) equipped with the follow ng: 15 an
outdoor unit (2, 202) having a conpressor (11, 211) and an ga%dfgﬁQ%eat
exchanger (12, 212); a plurality of indoor units (3 to 5,2 rl 5) each
havi ng an i ndoor heat exchanger (23 to 25, 233 to 235); a gaseous
refrigerant pipe (17, 253) having a pluB@lity of gaseous refrigerant branch
25 April 2006 40 pipes (17b to 17d, 253b to 253d) connected to the indoor
heat exchangers (23 to 25, 233 to 235) of the respective indoor units (3
to 5, 203 i d i ;17 3a)
it o wihi oFERED gkt fin 302 BB bnl bRl Ny nQH HUDRPERY R BepTROk)
converge and which is connected to the conpressor (11, 211); and 5 a
pressure adimsSiubficatith@\oilCiBat Itas a2Ofhulaed et refhidefand Bitclin® B compld¥Borl(110 4
connected to sone of the gaseous refrigerant branch pipes (17b, 253b). (6)
An air conditioning system (201) as recited in claim5, wherein the indoor
units (20411)205) corresponding to the gaseous refrigerant branch pipes 10
(253c, 253d) that do not have a pressure adjusting device (206) connected
thereto are connected to the outdoor unit (202) in such a manner that they
can swtch between cooling node and heating node; and the operating
capacity of the outdoor unit (202) can be adjusted in accordance with the

total 5)9%@151&1? fir Lol 6B IaE phds QT biBsmACIVRS (BPRIGHLE RRitadth NEdt 1 882,

operation

wherein the electric powered expansion valve {62, 262) is installed in the indoor portion of

the gaseous refrigerant pipe (17, 253).

(4) An air conditioning system pressure adjusting device (6, 206) as recited in any one of
10 - claims 1 to 3, wherein the electric powered expansion valve (62, 262), the pressure
detecting means (61, 261), and opening adjusting means (63, 263) are constructed as a

single integral unit.

(5) An air conditioning system (1, 201) equipped with the following:
15 an outdoor unit (2, 202) having a compressor (11, 211) and an outdoor heat exchanger
(12, 212),
a plurality of indoor units (3 to 5, 203 to 205) each having an indoor heat exchanger
" (23 t0 25, 233 to 235);

a gaseous refrigerant pipe (17, 253) having a plurality of gaseous refrigerant branch



15 plurality of indoor units (203 to 205).

10

15~

25 April 2006
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pipes (17b to 17d, 253b to 253d) connected to the indoor heat exchangers (23 to 25, 233 to
235) of the respective indoor units (3 to 5, 203 to 205) and a gaseous refrigerant

convergence pipe (17a, 253a) into which the gaseous refrigerant branch pipes (17b to 174,

253b to 253d) converge and which is connected to the compressor (11, 211); and

a pressure adjusting device (6, 206) as recited in any one of claims 1 to 4 connected to

some of the gaseous refrigerant branch pipes (17b, 253b).

(6) An air conditioning system (201) as recited in claim 5, wherein
the indoor units (204, 205) corresponding to the gaseous refrigerant branch pipes
(253c, 253d) that do not have a pressure adjusting device (206) connected thereto are

connected to the outdoor unit (202) in such a manner that they can switch between cooling

- mode and heating mode; and

the operating capacity of the outdoor unit (202) can be adjusted in accordance with the

total operating load resulting from the cooling operation and heating operation of the

plurality of indoor units (203 to 205).




