¥789: e3eH8 Hddehhk6kT& | S Patent Specification Pressure Adjusting Device
“for Air Conditioning Systemand Air Conditioning System Equi pped with the
Sanme 5 Technical Field The present invention relates to a pressure
adjusting device for an air conditioning systemand, nore I , to
a pressure adjusting device for adjustipng the pressure in N@QNWWMMHMWMFat
exchanger of an air conditioning systemprovided with an o oor unit 10
havi ng a conpressor and an outdoor heat exchanger, an indoor ufit*having an
i ndoor heat exchanger, and a gasepus refrlgerant pipe connecting the indoor
heat exchanger to the conpressorih¥W%SPﬁ§€%§PBn al so relatemmmﬂm
condi tioning system equi pped with such a pressure adjusting ﬁmmmmmm
Background Art An exanple of an air conditioning systemthat i Sl ded
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
of (nore spmeisutCAdjuiting DEREY for AGOOENditibifg $ Pstem bAd AilOSndifiching Syseasd t o
air-condition an office or the like. The outdoor unit 102 is equi pped with
a t 2 conpressor 111 and an outdoor heat exchanger 112 and is installed
outdoors. The indoor units 103, EgGipped @ithdheSasaech equi pped with an
expansi on val ve 113, 114, 115 and an i ndoor heat exchanger 123, 124, 125
and installed in an i ndoor room 133, 134, 135. The outdoor heat exchanger
112 aRd the expansion val ves 113, 114, 115 are connected together by a 5
liquid refrigerant pipe 116. The indoor heat exchangers 123, 124, 125 and
the conpr r .hsare connected together by a gaseous refrigerant pipe
117. In {ﬁggﬂgﬂﬁiégnditioning system 101, as shown in Figures 4 andDSP t he
gaseous

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



Mefrigerant is conpressed by the conpressor 111 fromthe state at point AO
*to a prescribed pressure PdO (see point BOin 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 ref2igerant state (see point COin
Figures 4 and 5). This condensed |liquid refrigerant is delivered fromthe
out door heat exchanger 112 to the expansion valves 113, 114, 115 of the

i ndoor units 103, 104, 105 through the liqyid refri nt pipe. 116 and the
pressur e OMArERSOY iéuﬁ“}ﬂl appRtdees 31“5‘317‘%‘3 gcpndgs t“&?g ‘{“é‘g?é’%p iNEOERST n
Figures 4 and 5) by the expansion valves 113, 114, 115. In the indoor heat
exchanger s.. 4, , = Hgerant eat
wth the S 188 (103 a2 col BB RAHTT S BENGRE LENE 19E AR, | AR
gaseous refrigerant state (see point AOin Figures 4 and 5). The

evapor at i gt badiaegcrt1a8 12, 12hand edstdligeifah iklook Reorh Nd®0134)e38. Ehechad@er S
123, 124, 125 is the tenperature TO corresponding to the 3 pressure PsO.
The gaseous refrigerant is drawn into the conpressor 111 through the
gaseous rlsfat exchangar 1I2pand1the expansioni walvgsyl 13t Aéd,al15 dra sodeectddetogeibesby ¢
cooled. Due to the increased use of conputers in recent years, the floor

space of offices and the |] i.s,often partitioned Vi server roons
o he comranra pipnd 4. haitagorea bibingero b 1% Dl Be ipipbressdion
the indoor unit in cooling node constantly regardl ess of the season in

order to pr i equi pnent. However, when
t he out si glel%g(??oﬁ{ntg%gﬁg}egb?g%?%e\%ﬁggél%ﬁérg@t Iﬁﬁé }/ﬁre wi nter, the refrigerant
evaporated in the indoor heat exchangers 123, 124, 125 of the conventi onal

air conditi on NEis S tcBAdifiBding adybieal 1191,CBARBOSn tig Righted U4 dind SFethpOgaseousO i n
Figures 4 and 5) by 10 the tinme it reaches the conpressor 111 through the
gaseous refrigerant pipe 117 after leaving the outlets of the indoor heat
exchangersfrigggant ivdomuresed dbydhepoimpressor il hl foguthe state atrmbi®)A0 Wha presernibed
partially liquefied refrigerant is drawn into the conpressor 111, such

P ;]9 P: S gf aﬁ?ssggegﬁ&f (ste(e) pt01};|1(ta B%OiMiggrgg Et a%g{ ]5) %re]g)ré ggilrjlfgf(f.eﬁifggé tc; H}eaolil%do%fr hgaatseous
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 CO in
Figures 4 and 5). 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



¥5 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, 125 is lowered (see point D1 and pressure Psl in
Figure 5) and the evaporation tenperature of the refrigerant in the indoor
heat exchangers 123, 124, 125 is brough3 to a tenperature Tl that is |ower
than the outside air tenperature, thus preventing the gaseous refrigerant
from 4 liquefying inside the gaseous refrigerant pipe 117 (see point Al

in Figure 5). If t evaporation temperature of .the refriger is..|owered
t 00 rnchh,PrFr‘)éW?vé?O,'hf}f‘Feg?%PP? d@&‘&ﬁaﬁ} 1% ?Vgn drtoy thg %qt?prg‘?hgieltl?gthfdﬁéhs €tem
101 will be along the lines joining points A1, B1, C1, and D1 in Figure
5 and th atkélﬁlg%ﬁiggﬁ%%ﬁ Igissquhﬁs 323, thd 2 inst@th¥ddmd i @6418d. 5 As a result,

it will e po to continue running the indoor units 103, 104, 105.
When such a situation occurs, the indoor units 103, 104, 105 are generally
run in fan- oDy térefeintRasodcise aF ompatcreiipetait esrs othetfloer kpareaf dfficeand heat
exchangers 123, 124, 125 and return themto an unfrozen state. In a room
such as server room (assune, for exanple, that room 133 in Figure 4 is a
server r dbejlikevihofientiatitionsdrto ndvide setvar geamsh éert the computgss. Ingthispleind of

tenperature inside the roomw Il rise rapidly when the cooling operation is

stopped and the operation of the_server equipnment couyld ssi bl e
i rrpedgd. IO AU b 18RCCpSTRY| tﬂ\f%fl}edﬁ‘\{"\‘ﬂé*“%rlg§gﬁfng m@%fqr@ﬂanﬁg Ir%\%é‘gestso()fan
air conditioning systemprovided with an outdoor 15 unit having a

coMpr e85 e 8l h k18 3ol St SKANARAGHcd BY thoIARE oifipielieying an | ndoor

heat exchanger, an eous refrigera ng the indoor heat
exchanger to the conpressor. The object of the present invention is to nake
it possible Howewer, Stitdh e aufsideonidi feinperange SigSlosn such cazoin nige widter, the
conti nuously even when the outside air tenperature is | ow by preventing the

i ndoor heat exchanger from freezing. ) .
refrigerant evaporated in the indoor heat exchangers 123, 124, 125 of the conventional air

conditioning system 101 partially changes to a liquid (see point EO 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 AQ 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
occur.

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, 125 is
lowered (see point D1 and pressure Ps1 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



8 An air conditioning systempressure adjusting device recited in claim1
"is a pressure adjusting device for adjusting the pressure in the indoor
heat exchanger of an air conditioning systemthat is provided with an

out door unit having a conpressor and an outdoor heat exchanger, an indoor
unit having an i ndoor heat exchanger, afd a gaseous 5 refrigerant pipe
connecting the indoor heat exchanger to the conpressor. The pressure
adjusting device is provided with a pressure detecting nmeans, an electric
power ed expapsi on valve, and an. openi.n justin ans. The pressure

det ect i ngl‘ﬁ’é %@g&esgqsﬁ(glsﬁglgg%pgp\pgﬂﬁgksgﬁ p{)ngﬁrg? lln; 8% 21t in the indoor
heat exchanger. The el ectric powered expansion valve is disposed in the
gaseous T ef I Ok Ay diS 1cherRRE s e ALHERANE IFREARY 130 ACthURbRetdiCthe
openi ng of the eleé%rlc power ed expansi on val ve based on the pressure val ue
of the refrigerant detected by the pressure detecting neans such that the
pressur e r¢pigeeatioh dyble ofelie aif esraditioning sybtans 1 ©H wild ba ajangdbe libesdoimirgspaints
setting value. This air conditioning system pressure adjusting device nmakes
it possible to adjust the pressure of the refrigerant in the indoor heat
exchangerAt,BBh @k, asd DbiadFigureSsandethg dndoon heas exalmngens U38i hif t1Re W drReas of
the el ectric powered expansion val ve. Consequently, the pressure of the
refrigerant in the indoor heat .exchanger can be adj.usted t. i.ghe

presstr e dhaTesHb ‘b?"’g]i 9t ?ed’fosilﬁé Pefonfigee &H’t’“’%ﬁ\éhlé‘a&%{s%ggsm ef@?gi?saint

pi pe between the electric powered expansion valve and the conpressor. Thus,
even wheny g sﬁ)%f)t 5 Lifl5tiBh 'oc Lt ERAL ﬂ'fd‘df)fuﬁi?s 10301 04, N®5 P& g1y funti $an-only
refrigerant downstream of the electric powered eXpansi'on valve in the
gaseous refrigerant pipe can be |lowered so as to prevent the gaseous
refriger ambdé toimctdasphk)temperathie dhtheseoren indver hedteexphamgstsr 230124,hi25 and
refrigerant in the indoor heat exchanger can be adjusted such that the
evaporation tenperature of the refrigerant is a tenperature at_which the

i ndoor heweturf thewe haagenfrozdn stafor  Fr @ 600m, sughgs Serverraoh (Astye, i fpgexmmeat
exchanger fromfreezing. As a result, the air conditioning systemcan be

run continuously._jin ol i ng, node. . .
that roon%/ 153 inCPglgure 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.



€ aim 2 describes an air conditioning system pressure adjusting device in
*accordance with claim11l, wherein the opening adjusting neans is capabl e of
providing the electric powered expansi on valve with an openi ng val ue that
i's appropriate for oil recovery node 10 when the systemis run in oi
recovery node in order to return lubricgting oil that has accunulated in
the refrigerant circuit to the conpressor. Wth this pressure adjusting
devi ce, the opening adjusting neans not only provides an opening for
adjusting the pressyre of the refrigerant.in.the i ndoor heat.k exchanger but
2l o makes | AnFSIOTING SYPIH BRESHC BMine ViR TerlobiB AITR | & & PRSSUS) |
recovery node when the 15 systemis run in oil recovery node. Thus, the air
condi ti onj .SYS c ' i.L Legav cn hg oi
recoveryqﬁﬁggﬁ%#ﬁgg%vgﬁt? Héﬁ&apg ?%ﬁ%#%f%nﬁ%gﬁg%g{gﬁgig%F%#%%Bngécg?bes
an air conditioning system pressure adjusting device in accordance with
claim 1l Qonditiongrsktent Rt & provided WiMEheshtéxRARG BiViNglV@nFedsostid bed in
t he i ndoor portion of the gaseous refrigerant pipe. 7 When the electric
power ed expansi on valve is disposed in the outdoor portion of the gaseous
ref ri ger anttdqor heat ¢exvbangst,rangindaent unih havieg porinfdeoer kfat exchaggercand argefeouger ant
pi pe upstream of the electric powered expansion valve is cooled by the
outsige aiﬁiand becones partjally liquefied. Then, the ggrtiaih | i quefied
ef ri Ger ARMIECETF EGoERmnRite Bedndeoriifat puchahgsrds the comalRSiary LRpRFEVER
valve and the liquid portion is evaporated again before being drawn into
the conpr (Rise . if:at he i 110 er Gt d

accunul ata?@?]sﬂé%cur S rgs;‘gﬁ\bé'%lug 1%hoqt hgesilﬁgg%e?éa%ﬁhgr%lej%hgaﬁo% fet & %‘geerggs
refrigerant pipe, there is the possibility that liquid refrigerant and oi
Wi I accusshdiéh bilvée,hihdPa bpeingdhdjhstingdMsany The hésb@erdetdcting Peatipdeteegam of
the electric pomered expansi on val ve, subjecting the 10 conpressor to
conditions of insufficient oil and insufficient gaseous refrigerant intake.
Conver selthe préssiretvatneadfr theomattigeramh iim ghes indoerrhgat ex changem djha sti¢otic gewensd
clainmed here, tenporary liquefaction of the refrigerant in the gaseous
refrigerant pL@g ﬁan,b, reyent ed becauseg, t he eJeciﬁic ower ed expansi on
val ve is Peiiauyalye odpiosedh & e ageous JEtesraat PipRy 4he eRFRg pYHsling means

insufficient oil and insufficient gaseous refrigerant intake do not occur
at the 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



15 conpressor and the conpressor can be protected nore reliably. Caim4
“describes an air conditioning system pressure adjusting device in
accordance with any one of clainms 1 to 3, wherein the electric powered
expansi on val ve, pressure detecting neans, and opening adjusting neans are
constructed as a single integral unit. &ince this air conditioning system
pressure adjusting device is a single unit, it can be i ginstalled
easily in, for exanple, the gaseous refrigerant pipe of an existing air
conditionjng system n.order to prevent freezi of the jpndoor heat
exchangerdoVBsFAT 81 Hiecleaae Bowsred expaogioa NG i A EeRw T tiRstant BIBE 0 Ped
with an outdoor unit, a plurality of indoor units, a gaseous refrigerant

pi pe, an r [Broy>8 ]

01 B s 1 P eRUSGTE pREIHE MK Eidnt (RAFRUITANE ol T B i e
exchanger. The indoor unit has a conpressor and an indoor heat exchanger.
The gaseaqiéssurf of grr fofitigdvameinhthe iadgdrulicat ickyhanfergedebeladjustedi geh ahit theanch
pi pes connected to the 1 ndoor heat exchangers of the respective indoor
units and a gaseous refrigerant convergence pipe into which the gaseous
ref ri ger saveperetiert herpperaiire: ofivibe gefrigaranivis @htempenagurgostnwhichdthecindper heat
conpressor. The pressure adjusting device is connected to sone of the
gaseous refrigerant branch pipes. In this air, conditioni stem f{he

o eeti o apartet Rl nel Aeree ubpEyenie i PCPLAGEErepEd il FHRE | AdGor
units, i.e., nore than one indoor unit but |ess than all of the indoor
units. T ] J r i A ; ure adjusting
devi ce c?ﬁ%te’%ﬁf 51}%(&?(1;10110 oﬂtylétr?gh@rf%l(}% r@gﬁ{iﬁ?&gﬁ%y;ﬁ %é\})éﬁlg (g(%'st he outside air
tenperature is |l ow. For exanple, when a server room or other room having a
| ar ge t her maCldima@ldéssribésaani 4l doriditiating$fstene pressurd adjuitiegy dyvigeantactordmiosy,
the indoor unit installed in the roomhaving the large thernal |oad can be
run in cooling node continuously even when the outside tenperature is |ow
by provi dvitly ciipr bswhereinahe .opening adiusting niesns tih aapabledebprayiding ¢he glectriger eby
preventing the

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 oil
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.



9 gaseous refrigerant in the portion of the gaseous refrigerant branch pipe
downstream of the electric powered expansion valve and in the gaseous
refrigerant convergence pipe fromliquefying and preventing the indoor unit
fromfreezing. Caim6 describes an air conditioning systemin accordance
with claim5, wherein the 5 indoor unitg 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 between cooling node and heatjng npde. The operatin
capacity of Whendhe glesiric.newer ??‘H?BSIQ’&W&%’Féﬂdlsﬁosﬁédbrﬂéf‘aﬂégo% qui“%%tg thst al
operating load resulting fromthe cooling operation and heating operation

of the pluralijt f ol ni i i r..congdidtioni

“ndoor urip@cileri 85 e SiashBy Thife b GLBRYY ARG HRLERAE. .,
swi tch between cooling node and heating node and the operating capacity of
I ts out dogistréath bf BREIQE APOWEEE expdhsRAGAINVGIR 66ol¢d b} tHeGutdied air aAPBERIMEIY

| oad resulting fromthe cooling operation and heati ng operation of the
plurality of indoor units. In short, it is the type of air conditioning
syst em t heartially Gauyedist eThdn, she partialyl lisjuefiéd cafidgerantlis rhduced ng paessuredyl theg. | n
the winter when the outside tenperature is low, this kind of air

condi tioning system (i.e., one capahl e of simnultaneous heatin nd, cool i ng)
gener & | yelpaTie PPWEred exPansipn velye and Hisphiquid periion;ip Gg@qs%tf;& ﬁgamgaegse PRiBENal

| oads, such as server roonms. In short, only the indoor units installed in
roons havjng l.ar t her | aad 1J. ver r . I ing
mode. s, rivavpiilorf shieMhe PRSuGdir BE5ISR AR wpRletidutptcdpiRBlohTE
in cooling node returns to the outdoor unit through the gaseous refrigerant
pi pe, thes@uisSrehdity BES & el dhape bhdrolthy dMthefaseiRBirefigehAn P&ies tithe ithe

i ndoor units running in cooling node will freeze. However, since the indoor
units installed in roons having large thernal | oads and 5 used excl usively
f or cool i pagsihilgy ghaviiqied! refrighrapt end wilewdt pesimiuage devthe gortionhofs thei gadeaus
units can be run in cooling node continuously even when the outside

tenperature.is | ow . L.
P 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 at the
15  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



because the pressure adjusting devices prevent the gaseous refrigerant in
*'the portions of the gaseous refrigerant branch pipes downstream of the
el ectric powered expansion valves and in the gaseous refrigerant
convergence pipe fromliquefying and al so prevent the indoor 10 unit from
freezing. Brief Descriptions of the DragMngs Figure 1 is a schematic view
of the refrigerant circuit of an air conditioning systemin accordance with
a first enmbodi nent of the present invention. 15 Figure 2 is a schematic
view of the pressure adjusting device of_.an air. conditioning system.in
i cor dandBstHladpap et FOr-aRaRIss Hie AREous Teigerpl BiBg At 4 RYSHES Br COMIGEABE 3 | s
a Mollier diagram showi ng the refrigeration cycle of an air conditioning
system i Q i fir I e present invention.
Fi gure 4%?'%8@ 1@%@&%? 8@‘2‘:‘[&%@%?@Eheﬁg)‘sr)"?é‘g?‘a%‘{’ﬂ&g?gui t of a conventional
air 11 conditioning system Figure 5 is a Mllier diagramshow ng the
refrigerati op|£MY Gesefibed HOAY Eotditiitihg Histent eHadlid provided withsdrestdddrdinitea i s
a schematic view of the refrigerant circuit of an air conditioning system
in 5 accordance with a second enbodi nent of the present invention. Figure 7
is a di aglemslityl dfidoat inigs, tahgasebeswredifigararng pipé,ringez prasswtaradiustisg Mevicarizous
heating and cooling operation in an air conditioning systemin accordance
with the secaond enbodi nent of the pres i nvention, .10 Preferred
ErrbodPrre fCEoTaRIGEWIth AR 78 oT it OYABOTO L BAY 2 SSPRESOh e B now
be described with reference to the drawi ngs. [First Enbodi nent] (1)
Consti tue E r I £ 10N} . Fi i
Schormt | Suish At Rt Thodnlodr U hdsHLolborsich B0 B i bRt e, )
in accordance with a first enbodi nent of the present invention. The air

condi t i ONfHYgaseous 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 respect
to some of the indoor units, i.e., more than one indoor unit but less than all of the indoor
units. Thus, the indoor units that are provided with a pressure adjusting device can be run

15  in 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 unit only, thereby preventing the



System 1 is equi pped chiefly with one air-cool ed outdoor unit 2 and a
"plurality of (three in this enbodinent) indoor units 3, 4, 5 connected to
the outdoor unit 2 in parallel. It is used, for exanple, to air-condition
an office or the like. Among the indoor units 3, 4, 5, the 12 indoor unit
3isinstalled in aroom33 that is a server roomfitted with server

equi pnent. Consequently, the room 33 has a | arger anount of discharged heat
than the roons 34, 35 in which the other indoor units 4, 5 are install ed.
The outdoor unit.2 is. equi d chiefly with.a conpressor and an t door
neat 5. exeitgartiastaint e BRREnH edertn s heroPh Brogah Bins dopfotan of e

devi ce for conpressing gaseous refrigerant to a prescribed pressure. The
out door . y ' t

Fet 11 ger ane e RO HERASPIEILR ANOIRYAR hO Baodots PRSI O RRREE Blbe' A6
exchanger. The indoor units 3, 4, 5 are equipped chiefly with an expansi on
val ve 13,liquefyid®amhpreiéhting thadoor vikefroreXbainger 23, 24, 25. The expansion
val ves 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 12Clameb fiesgrbes aneaix canditinmingesystepsin acgordagceawish glaith de whersin the
exchangi ng heat between the refrigerant that has been pressure-reduced by

t he expansi,on val ves 13 4, 15 and the agi.r insjde each room 15 The
out doér Hadpote Yy a?fﬁ&efp‘ir?&%ﬁo ?l}Feg%%?B%?%lBﬁe%tl bré"gdl?,lpeﬂtgaﬁgo é‘PEL&S‘h fect ed
together by a liquid refrigerant pipe 16. The indoor heat exchangers 23,

24, 25 a S t
o1 gor AR EOMRIANIAN: nA A ARG A cHAREIATE B MARE AT such o

refrigerant convergence pipe 16a that is connected to the outlet of the

out door hmafneexhitathgercad Zvdtetl betwednd codling medearind teatiah niodee The &dperating, 16d
13 that are connected between the liquid refrigerant convergence pi pe 16a
and each of the expansion valves 13, 14, 15, respectively. The gaseous

ref ri ger a¢fpagitypel tp quidoos wgitseas be ad_]usted 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 simultaneous 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



refrigerant convergence pipe 17a that is connected to the inlet of the

" conpressor 11 and gaseous refrigerant branch pipes 17b, 17c, 17d that are
connect ed between the gaseous 5 refrigerant convergence pipe 17a and each
of the indoor heat exchangers 23, 24, 25, respectively. A pressure
adjusting device 6 is installed in the jgaseous refrigerant branch pipe 17b.
Thus, the pressure adjusting device 6 is provided with respect to the

i ndoor unit 3 installed in the room 33. The pressure adjusting device 6
functions to adjust the pressure of the refrigerant in _the indoor  heat
exchangerar SUHHAE i1 F%qq}qggwaﬁfem@é tg i, opidogt Hfie Hrenel the Ao Feffégerant
expansi on valve 13 to a higher pressure than the refrigerant in the indoor

heat exc 4 18 ' j 4 : 0St |

Feat ur oo P Bithegasabiily'ha Hahaodh 1Y eltfidrsor B oty FRAShILEIh.
Figure 2 is a schematic view of the pressure adjusting device 6 of the air
condi t i ondodfind Mmod¥ Wik Medze. The pressure adjusting device 6 is a single unit
equi pped with a pressure detecting nmeans 61, an electric powered expansion
val ve 62, and an opening adjusting nmeans 63 and is arranged externally to
t he i ndoor uHioweser, Finge phe irglgoe udits installad inveerys baving largp thermat doagamgd f or
detecting the pressure value of the refrigerant the indoor heat exchanger
23 of _the indoaor unit.3 and transnmits th 14 detect.ed refrigerant

or st o Wl FEOEVE GO 5anfing, aikiprouide Vit RIFSSHES SUIPRLNG EYIPYy TIRIF U499
means 63 is a control device that executes feedback control to adjust the
openi ng . I o i I re
val e of s Faeah ib SHRER. EXIARPLAP oval ¥heR HORaRH, MGl £35UL0,
that the pressure value 5 of the refrigerant is adjusted to a prescribed
pressur e tsehise e %@bm@ adfiinldR$R Y Freféit thdgas¥asuefriperanhi tAp pbHioas aflfhest i ng
nmeans 63 can be changed. The openi ng adjusting neans 63 i s capabl e of
forcefully providing the electric powered expansion valve 62 with an

openi ng vedseausirpfiigeragt brapelopipesidewngrean of theelevteic powered expensiarheal vgssnd m
runs in oil recovery node in order to return lubricating oil that has

accunul ated.in the eous refrigerant pipe. .17 to 10 e conpressar ,11; it
o ovi dlee IErhe Ratsor RmeaRNLCTTera AR T divehing T tise pretscine dndoor

10  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 conditioning
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



signal issued fromthe main control unit 20 of the air conditioning system
1. The electric powered expansion valve 62 is di sposed downstream of the
pressure detecting nmeans 61 and is an adjustable valve that can open an

cl ose automatically in response to a signal fromthe opening adjusting
nmeans 63. 15 Due to the constituent feafjures descri bed heretofore, the
pressure adjusting device 6 can adjust the pressure of the refrigerant in

t he i ndoor 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, @NAHONINESYMER: on of the Air Conditioning System and the Pressure
Adj usting Device 15 The operation of the air conditioning system1l and
the pressure St i i ‘] i QL .to 3.
11 | Cper at TRAGAdh AR, Shbhalishon b SoHERaEbE RO Woch BiARL 1P 2,
shown in Figures 1 and 3, when the conpressor 11 is started and the air 5
condi t i ondongitRniigeystém. S run, the gaseous refrigerant is conpressed by the
conpressor 11 fromthe state at point AOin Figures | and 3 to a prescribed
pressure PdO (see point BOin Figures 1 and 3) before being delivered to

t he out door Higure éxchsehgmatia Ziew of thh ecfogendniotiranganf apaitheonditioning, systam in
gaseous refrigerant exchanges heat with the outside air and condenses to a
liquid refrigerant, state (see point in Figures. | and 3). The condensed
107F e | quealEndt ik b S6cont ErboRGHN nEREarasH R erchanger 13 to & he

expansi on val ves 13, 14, 15 of the indoor units 3, 4, 5 through the liquid

Lo 1 he gaseonirerr b dRyREERE (he B0 OF S0 PRt UOHE Sndanddhe 0°

the construction of this portion of the refrigerant circuit is different
for the iAdaas abdtdolihgl dperilios fin hﬂ@ir%ﬁ&iﬁbﬁiﬁg%gﬁbﬁtih AgcatéMiceavith the seéond

installed than for the other indoor units 4, the two different
arrangenents are described separately. In the arrangenent of the indoor
units 4 aemb&limentefithepresent gfventimr.ant i s delivered fromthe outdoor heat
exchanger 12 to the expansion valves 14, 15 of the indoor units 4, 5
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



through the liquid refrigerant convergence pipe 16a and the liquid
"refrigerant branch pipes 16 16¢c, 16d and the pressure of the liquid
refrigerant is reduced to PsO (see point DOin Figures 1 and 3) by the
éxpansi on valves 14, 15. In the indoor heat exchangers 24, 25, the
pressure-reduced refrigerant exchanges j@2eat with the air inside each
respective room 34, 35 and evaporates, changing to a gaseous refrigerant
state (see point AOin Figures 1 and 3 ). 5 The evaporation tenperature of
the refri rant the oor hea han ers 24 e eratu e TO
correspodg Wén PQ?@H&%T 3$ﬁ¥§56 E@@DE“W%%BF%@?&%& E@nFﬂ ough
t he gaseous refrlgerant branch pipes 17c, 17d and converges into the
gaseous r t i:ndoor
it 3, (ReEpAREA g RN DRACRIBRRmb Rt of Ruchii B PEATRET bohs RSB
exchanger 12 to the expansion valve 13 of the i ndoor unit 3 through the

l'i qui d r efkich estherddvoe URNSES @epsstalled. and the |liquid refrigerant branch
pi pe 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 23Th¢ loutdoor sailreisr eqhipned chigfhy watham comprshsot gldsandean owidobr head ai r
i nside the room 33 and evaporates changing to a gaseous 15 refrigerant

state (see 0|nt i.n Fl s 1 and . The evapor, n.tepperature of the
Fefri Gor cichingst b2 i dscrtH O%Manﬁl% QDR 1. If dnBice: [ GOppTossing

corresponding to the pressure Ps2. Al so, since the pressure adjusting

g e R o o Sl R O P

is reduced by the eIectrlc power ed expansi on valve 62 of the pressure 17

adj ust i ngexdBatigeShént betwiden tisaidligti £ abd eheRfsidsait e isafsol@iedbir-cboled heatot her
i ndoor heat exchangers 24, 25 before the refrigerant flows into the gaseous
refrigerant convergence pipe 17a. In short, the pressure adjusting device 6
det ect s téxshanggporation pressure of the indoor heat exchanger 23 of the

i ndoor unit 3 with the pressure detecting neans 61 and

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¢, 16d



5 adjusts the opening of the electric powered expansion valve 62 using the
" openi ng adj usting neans 63 such that prescribed pressure setting value Ps2
i s obtained. 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 is cool ed. 1B2] Operati on when outside air
tenperature is low (W nter season) 10 The operation when the outside air
tenperature is lowis basically the same as when the outside air

tenperature i s high, The differences between the operati en th ut si de
vt el somEtepengen 1 BHAF TrrH R Bon rRenby Pt bR st B L e
is high will now be described. Wien the outside air tenperature is |ow,

i.e., lo enat r; i ones
casy’ for RELRR Lol el P B B L et s R
gaseous refrigerant pipe 17 as it travels fromthe outlets of the indoor

heat exchafigeraat ddnvergence 535&)01 Tahatcisrgonaeded tolthetiilepufthet dudnirageo s and
refrigerant pipe 17. In order to prevent this fromoccurring, the intake
pressure of the conpressor 11 is set to a pressure Ps3 that is_|ower than

t he pressgaseousgeftigaranh braneh qipesi U, tldepbidathat ere eormiegiad betvaeeppthe L85q08S Ps0) .
Thus, the entire air conditioning system 1l operates at a |ower refrigerant

tenperaturg. The indoor units and 5 of ' i tioni [
oper abe. dEEiBFEhGORITEmES iPS I qa i iehcytclbe attat BEF wyoPHEE: 201 2
chain lines j oining points A1, B1, C1, and D1 in Figure 3 5 and the

i ndoor uni : r ks : g y b t he
| Tnes | of Ermsct A8 A SRy ERRRNAE il ROis NG GUEMS HRRGRRL Btk
i nt ake pressure of the conpressor 11 falls fromPsO to Ps3, the evaporation

t enper at ysige Dfb. TihGs,thd piegidndjudtingtdeeice 649 provivded twithelpoegtr the 2loo2bnio t he
i ndoor units 4, 5 falls to a tenperature Tl at which there is the

possibility that the indoor heat exchangers 24, 10 25 wil|l freeze. |If the
i ndoor heastalledcinahejeom 3% Thepréssuretadinsting feviex6 figmeBons toediust thearessperedi on
valves 14, 1 S are closed and the indoor units 4, 5 are operated in

]]: fg;no? lh)éi tgg?&gggrﬁgtggglgeégﬁg(i)r %919 exc gl?éer k) %v%?cqgr%ﬁ‘lsgega%‘t hgs“:’bé:e%r})rgs%urre?rtecliﬁcrégd
10 by the expansion valve 13 to a highér 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



normal state. Consequently, such tenporary inconveniences as a rise in the
"tenperature inside the roons 34, 35 occur. However, this is not a serious
probl em because the thermal 15 | oads of the roons 34 and 35 are smaller
than the thermal |oad of the room 33. Meanwhile, the thermal |oad of the
room 33 is large and the indoor heat exghanger 23 of the indoor unit 3
cannot be allowed to freeze if the server equipnent is to be naintained at
a nornmal operating state. Therefore, the pressure adjusting device 6

i nstal |l ed, downst ream of the indoor_ heat .exchanger 23 adjusts the

refriger élﬁfec\é\‘{ﬂé ENERISSYre Yfﬂlée to the opeiRS PUHINE BN AAger 23 such that the
evaporation tenmperature becomes a tenperature T2 (e.g., a tenperature

appr oxi mat el : . r-at:] t j T
fomperaturo e FRBind AbuReTHARRER L RRoMIMBRL RS HBRRd REIAL SARITN | o
not occur. [3] Operation in oil recovery node 5 During partial |oad

oper at i omydpfst EH%Q)p@hthWIfKB gle@fit F»gwéteateapmilsioﬂ V¢ 62bagded odithe preastirt Retue
conpressor 11 accumulates chiefly in the gaseous refrigerant pipe 17. Wen
this occurs, the systemis operated in oil recovery node, i.e., the

expansi orfithd vefsgernt detctetiDydthe posseute detectismmears ¢ hsuchribigtdhe preasure xglnanger s
23, 24, 25 are opened fully while running the conpressor 11 in order to
push the lubrication oil_accunulated. in the refrigerant cjrcuit 10 toward
the i Rl etofdhe FFEgEdRbIscadivsted tp a BrererbedhRresTuER Betfipe yBlner Lhe BIGSSHE SEHNGal ve

62 of the pressure adjusting device 6 can al so be opened fully in response

to the f : r r L0, € =0l yni of
the air oo G ShehiflP ARSI thedfid TN oe AR TRPbRrb RN R Mlang s
refrigerant piping of the indoor unit 3 is recovered in the sane manner as
t he | ubrijgaipabie &f foreRAMNPOALRE the elkaﬁcrp@we'raaleerx?msicﬁi VAlvg6D{vitha opegiag”
units 15 4 and 5. (4) Characteristic features of the Air Conditioning
System Pressure Adjusting Device and characteristic features of an Air
Condi t i onvahgp tBgisis @pprieguiate fedoihrdchveryen@ermehorthaisysteromung inanil regowyy tede
pressure adjusting device and air conditioning system equi pped with the

same in gccordance with thjs odi ment have the follow n
ain order to return lugricating o(ielrmat as accuml?lated in the gaseous regigerant pipe 17 to

10  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 conditioning 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
response to a signal from the opening adjusting means 63.

15 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.

(3) Operation of the Air Conditioning System and the Pressure Adjusting Device



20 characteristic features. [ 1 ] Prevents freezing of the indoor heat

"~ exchanger A pressure adjusting device 6 in accordance wth this enbodi nent
makes it possible to adjust the pressure of the refrigerant in the indoor
héat exchanger 23 to a prescribed 5 pressure setting by adjusting the
opening of the electric powered expansiijgn valve 62. As a 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 pjpe 17 between the electric powered expansion valve 62 and the
conpr essor 1 The pperation of She, i OPH(%ﬁP@E}S Sysemel, éﬂ‘? §hio Brepsice adiusting dsyipe 6

tenperature is low, the pressure of the refrigerant in the 10 i ndoor heat
exchanger_ . | St ] ssure Ps2 that is higher than the
pressure Yﬁghﬁﬁg%H%ﬁggafﬁéﬁgg%@gﬁéq&gfrigerant in the gaseous refrigerant
pi pe 17 downstream of the electric powered expansion valve 62 is prevented

from |'i quef y[ nappaidnhehaVaipaddit fmpetatperighigh endi-wirier degdon) ger ant becones
a tenperature T2 at which the indoor heat exchanger 23 will not freeze. As

a result, freezing of the indoor heat exchanger 23 is 15 prevented and the
i ndoor unit Ascshowe in Jiigures doend rig winete theo wompresses| 11 iTTistartedf aridy éheanir
pressure Ps2 of the indoor heat exchanger 23 can be adjusted easily by

si nply changj ng. the pressure setting value of  the opening adjusting ans
63 of Bt hé%ﬁg@gmgesyaméﬁ o &&%@@Srralha?@nﬁb% eomprgssch byithe empresfosriing
system 1 equi pped with a plurality of indoor units 21 3, 4, 5, the indoor

unit 3 i I i r 8 t i i run
in cooli %6%%{&3&@%6@@ Fggl“er\rél\pghag%gp ﬁg ﬂéﬁ%@?@e*’%%%#e?%@&%@ plggﬁ 0\e/}lvnby
installing this kind of pressure adjusting device 6 for that indoor unit 3

only. [ 2]Figides negavrpeforedriny dliveRaIute aailost haag eiahgd 2. I tRcaadstance
with this enbodinment is easy to interlock with a conmand fromthe main

control unit 20 of the air conditioning system 1l because the
heat exchanger 12, the gaseous refrigerant exchanges heat with the outside air and

condenses to a liquid refrigerant state (see point CO in Figures 1 and 3). The condensed
10  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
refrigerant circuit is different for the indoor unit 3 in which the pressure adjusting device 6

15 is 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

through the liquid refrigerant convergence pipe 16a and the liquid refrigerant branch pipes



el ectric powered expansion valve 62 is electrically driven. The opening
“adjusting neans 63 not only provides the electric powered expansion val ve
62 with an opening for adjusting the pressure of the refrigerant in the

i ndoor heat exchanger 23 but can al so provide an 10 opening that is
appropriate for oil recovery node when1lghe systemis run in oil recovery
node. Thus, the air conditioning systemcan be run in an oil recovery node
simlar to the oil recovery node of conventional air conditioning systens.

[3] Inproves.teligbjlity of ¢ ressor protectio , i 0or exanpl t he

el ectric ‘&gmép‘i&ngib%r%%é e\ﬂf? @E 15‘2“&?@5?@%&@%%8’ E%(?&i?ﬁoﬁ% t ]‘égr’f‘i on
of the gaseous refrigerant pipe 17, the refrigerant in the portion of the
gaseous r i.ger.apty Rl tch i i

Vai ve o2 pTe? Rl ) By B SAbafh LEREL A, 1% BSHAIARIEH RO the
partially liquefied refrigerant is reduced in pressure by the electric

pover ed expsafd-Riused refigerntatthhfiges hiegtuivith fheraid iside sachwegecate o, 35
before being drawn into the conpressor 11. Consequently, if there is a 22

portion where liquid accunul ation occurs readily due to the shape and
routi ng cindteveperatssodengiagto gegasenus pefigerant statgdpee paint AL in&égires | iand 3).hat
liquid refrigerant and oil will accunulate in the portion of the gaseous

refrigerant pipe 17 stream of . the,.el ectri ower ed .expansi on, valve _ 62,

thus Suub; B Prowidn SR aREAY g MetoBuBny o RHOH B SRR DS B e
insufficient gaseous refrigerant intake. Conversely, with a pressure

adj ustin ' i ' b0, AHROZSBRAL Phas¥s through
| i quef ac?tleglﬁg%l %ﬁg d@&?ﬁ%&&&%ﬁ?%ﬁ%&@%a@eous éﬂg ri grgl;rgr%lfgﬁpppes Sl? %ua%n be
prevent ed because the electric powered expansion valve 62 is disposed

i ndoor s i s tgagsbus refeigbrdaobrnchl pipss 1¢eNidt ardinconvtrges #ith fthe pasebuvidfrigerant

i nsufficient gaseous refrigerant intake do 10 not occur at the conpressor
11 and the reIiabiLit¥ of the conpressor protection can be inproved. [3]
| nt egr at | emveigaees PPt Essure adj usting device 6 in accordance with this
enbodinment is a single unit integrating the electric powered expansion

valve 62, t h?n ﬁ{eeastgéjnrggmggtt of tthle quorg?'%rr]l?t 36,]1he liquid refrigerant is delivered from the

10  outdoor heat exchanger 12 to the expansion valve 13 of the indoor unit 3 through the liquid
refrigerant convergence pipe 16a 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 refrigerant
exchanges heat with the air inside the room 33 and evaporates, changing to a gaseous

15 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

heat exchanger 23 is reduced by the electric powered expansion valve 62 of the pressure



5 and the opening adjusting neans 63, it can be installed easily in, for

" exanpl e, the gaseous refrigerant pipe of an existing air conditioning
systemin order to prevent freezing of the indoor heat exchanger. [ Second
Enbodi nent] Wil e the previous enbodi nent is an exanple of applying the
present invention to an 23 air condiflfoni ng systemthat is used
exclusively for cooling, it is also acceptable to apply the invention to an
air conditioning system designed for sinmultaneous heating and cooling. An

air conditjoning system 201 for_sinul eo heating and cqpling to which
the pres @htusfl?ﬁ/gﬁ‘fl¥%r§ Ra0e famy gﬁiﬁ“f%h%? ﬁ%ﬁ%ﬁ%@aﬁte@c&‘lebogﬁ“vﬁ“gﬂor?@?a rence
to the drawings. 5 (1) Constituent Features of the Air Conditioning System
Figure 6 i i i i i i

ond 1 oy uREas RS eRicte 2Liigoiial AONSHRGAL EhERY b Rerl cdhergonce
present invention. The air conditioning system 201 is provided chiefly with
one air- ETh. Ot klasrqrthe! prcssuz® adjstingndelicy ldeteyptsahe evdpoestionrpredsing of the
enbodi ment) indoor units 203, 204, 205 connected in parallel to 10 the
outdoor unit 202. It is used, for exanple, to air-condition an office or
the | i ke.indepprgatt ¢xshangen@d afrthe dndoes untGuwithobe prassure Wgtsstingmeen6b apd
installed in aroomthat is a server roomfitted with server equi pnent,
simlarly to the first odi ment. The server r.oom has | ar ger amount of

di Schar gedbuaisne oRening HEF SR ROWAIRE RERRRHYHEE o7 s e er e 8B o o
installed. The indoor units 204 and 205 are connected to the outdoor unit
202 in s ; : | en cool i ng node and
heat i ng #g%ggg%?ygﬁ®ﬁ§ﬁF%%%%?bﬂﬁygggggﬂgﬁﬂgéP%ﬁgggﬁﬁ%g?node. The out door
unit 202 is constituted such that its operating capacity can be adjusted in
accor dance Wrhén, tthe ghsebad reffigeraiti isgirhwadntoethelcompeessororh thnenghothk i gaseous
operation and heating operation of the indoor units 203, 204, 205. [ 1 ]

Qut door uni t 24 o .
refrigerant convergence pipe 17a. In this way, the air inside the rooms 33, 34, 35 is cooled.

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

10 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.

When the outside air temperature is low, i.e., lower than the temperature of the

15  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 gaseous refrigerant pipe 17. In
order to prevent this from occurring, the intake pressure of the compressor 11 is set to a

pressure Ps3 that is lower than the pressure used when the outside temperature is high



The outdoor unit 202 is installed outdoors and includes chiefly the
"follow ng devices and val ves, which are connected with refrigerant piping:
a conpressor 211, an outdoor nmi n heat exchanger 212a, a four-way sel ector
val ve 213, an outdoor expansion valve 214, an outdoor auxiliary heat
exchanger 212b, an outdoor solenoid vaflge 216, a liquid 5 refrigerant
shut-off valve 217, a first gaseous refrigerant shut-off valve 218, and a
second gaseous refrigerant shut-offvalve 219. The conpressor 211 is a
device faor cong?g35|ng gaseous refrigerant. The intake side of the
conpresséP tonnected to the four-way sel ector valve 213 and the
second gaseous refrigerant shut-off valve 219. The di scharge side of t he
conpr essor %ﬁ?é I g the
out door auxi '?-‘]Jm% )f:/he%é é)geigg a(ﬁfgioeélg%% ?“ge%%%éfg%l%n%ﬁx%%{ﬁexc anger 212a
is a heat exchanger for evaporating and condensing the refrigerant using
the out siTiR iaddoramite 4@dts sfabie ai cdnditibnihgRmitHeomeritd acsordiagtto eheolefiipgeant 212
together with the outside auxiliary heat exchanger 212b. The gas side of

t he 15 outdoor main heat exchanger 212a is connected to the four-way

sel ect or oyelevindipated byithe singlerdat chairelings jpiningopainis 1, Bl €1hand Dése ﬁe&vge?» 212a
i's connected to the liquid refrigerant shut-off valve 217. The outdoor
expansi on 4 is provided betwee he side of t t oor mai n
oot Bxcraiqht st il REHISS qertrorE: 1 D ahet e rndisplsd Syathe 4R

out door expan5|on val ve 214 |s an electrlc power ed expansi on val ve

confi gur t nmount of refrigerant flow ng

t hr ough ﬁﬁm%ﬂ#b lttl)tg?h B C eat exc aﬁggltrll:%ag The four-way sel ector valve
213 is a selector vaIve configured to nake the outdoor main heat exchanger
212a functi oBings tie intuke pedssiire af ticadomipresson 1 T daidefar PsO Th8sF, ahe evapyrabion

sel ector valve 213 is connected to the gas side of the outdoor main heat
exchanger 212a, the intake side of the conpressor 211, the discharge side
of the cdoempestise opthe refiigeranhin tﬂwmdoogagecm@hmﬁnsu?@e?éﬁf thergdoggiynity 44 Je
218. Wen it makes the outdoor nmain heat exchanger 212a function as a

condense rfallg 'E)ea tfe?nlf)rera\ﬁﬁi% ﬁel e(fl %rth\e/r%hg/ ﬁlezp%):sgm&ﬁ?y {hal'the ?r&dotop Reat exchangers 24,

10 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
inside the rooms 34, 35 occur. However, this is not a serious problem because the thermal

15  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

downstream of the indoor heat exchanger 23 adjusts the refrigerant pressure Ps2 of the



di scharge side of the conpressor 211 to the gas side of the outdoor nain

" heat exchanger 10 212a and connect the intake side of the conpressor 211 to
the first gaseous refrigerant shut-off valve 218. Conversely, when it nakes
the outdoor main heat exchanger 212a function as an evaporator, the
four-way sel ector valve 213 can connectl9t he gas side of the outdoor main
heat exchanger 212a to the intake side of the conpressor 211 and connect

t he di scharge side of the conpressor 211 to the first gaseous refrigerant
shut -of f .val ve 218.. 15 The outdoor auxiliary heat, exchanger ,212b js

connect edieprherehtds ¢ siatiithe BuFborait tpRaRal RERGES »stnitaRle T2r ves
to condense the refrigerant using the outside air as a heat source. The

out door l,enai Wal:o! ALy 1I's
provi ded G- Che LS aghOxaRblyalald /AESORRAN EnBEalet M TR ERSTEY

As a result, the overall refrigerant evaporation anount of the outdoor heat

exchangeraittmhperfurd & lgh)us twich freezéng oflthd door heanetchardgee 28 ddeoniotwatirs 203,
204, 205 are each equi pped chiefly wth an expansi on val ve 223, 224a 225
and an indoor heat exchanger 233, 234, 235 and these devices and val ves are
connect ed t of8tOneratigintin oflaggavgermede pi pi ng. The i ndoor expansi on val ves
223, 224, 225 are 5 electric powered expansion val ves for reducing the

f the liqui fri dut i ] ti i | .ng mde. . Th
naooP heat DRERERGeCIcsd sperdof Ohug i e RRR By e © JPRnn ol Ao b

during heating node and as refrigerant evaporators during cooling node. [3]

Refriger LI | St I [ttt BideL] 7 IWRLAMis BE 251,
the fi rsf&ténafgéesggfs]glr é%%é%tgén?hlgﬁggggg%g%éh?ﬁeéeg%ég’rlﬁfggseo%smrlse?r@gse’rant
pi pe 253 are connected to the outdoor unit 202. The liquid refrigerant pipe

25| ser velhe kpst@ninesdratedén bil tedosleryahode) e thie Sdpuisior Yalved Vg 12175 dispodad
outdoor unit 202 to the indoor units 203, 204, 205 and includes the

followng: liquid refrigerant branch pipes 251b, 251 c, 251 d corresponding
to the respstrearn\of thedednor igatpxchengayg 23204, 2208 opgngd Hully quhile rushinggdieant
convergence pipe 251 a into which the liquid refrigerant branch pipes 25

'b, 251 Céon%pSIéLssgr (f r1]r\1/ %;cpe(? tg %%sMecﬂbiricszatfo%n& %}:c?ugn&lgteé r111(1a tlllel %Lrlliigerant circuit
10 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, the
lubricating oil accumulated in the refrigerant piping of the indoor unit 3 is recovered in the
same manner as the lubricating oil accumulated in the refrigerant piping of the indoor units
15 4andS5.

(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

equipped with the same in accordance with this embodiment have the following



refrigerant shut-off valve 217. The liquid refrigerant branch pipe 251 b is
" connected to the indoor expansion valve 223 of the indoor unit 203. The
liquid refrigerant branch pipe 251 ¢ runs fromits junction with the liquid
refrigerant convergence pipe 251 a and connects to the 27 indoor
expansi on val ve 224 of the indoor unit2g04, passing through the

heat i ng/ cool i ng changeover device 207 (discussed |ater) in-between. The
liquid refrigerant branch pipe 251 d runs fromits junction with the liquid
refrigerant convergence pipe 251 a and connects to the indoor expansion

val ve 225h@factepgtiG I88Ess- uni t 205, passing through the 5 heating/ cool i ng
changeover device 208 (discussed later) in-between. The first gaseous

refrigerant gi ar; . fi.rst gaseous refrigerant
shut-of f val gggTégégﬁ?]é§§£p§3g@&ﬁ%%t%ﬁ%@%%#the i ndoor units 204, 205
(i.e., the indoor units other than the indoor unit 203) and includes the
fol | owi ng: fArréssGRSAPUSInE @evice Brianiccdriaitewith Aes embadimedbrEkenit posdiladi ng
to the respective indoor units 204, 205; and a first 10 gaseous refrigerant
convergence pipe 252a into which the first gaseous refiigerant branch pipes
252c, 252d adpst dregeressue of thehrefrigerant rie dheihdoor heat exichangery3s dowspreedribeder ant
shut-off valve 218. The first gaseous refi~igerant branch pipe 252c runs
fromits junction with the first gaseous refrjgerant convergence pipe 252a
and ¢ BnndtTSUESORng byUnG ik OReRighIqhs ClsalicJOwerRd SHRABEPT UAIVE G300S @
passi ng through the heating/cooling changeover device 207 in 15 between.
The first g : Is ' ' j with
the firoteils airelsiid bO8e T0hienlsAl B tRorhER Sifiect S B kA 'p

i ndoor heat exchanger 235 of the indoor unit 205, passing through the

heat i ng/ aagher NEteRbANGRAVEE pHE¥ineeo20R refrideeinteianthe Tdagedue Gofithefs pts 17
refrigerant pipe 253 serves to connect the second gaseous 28 refrigerant
shut-of f valve 219 of the outdoor unit 202 to the indoor units 203, 204,
205 and ibetweatdhbe eleetric ploweridreypanséanovadiveedarsiibe cempiegsor 4 ht Thiusaacshopindas
253b, 253c, 253d

Figure 3, even when the outside air temperature is low, the pressure of the refrigerant in the

10  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 indoor heat
exchanger 23 will not freeze. As a result, freezing of the indoor heat exchanger 23 is

15 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.

Furthermore, in an air conditioning system 1 equipped with a plurality of indoor units



corresponding to the respective indoor units 203, 204, 205; and a second

" gaseous refrigerant convergence pipe 253a into which the second gaseous
refrigerant branch pipes 5 253b, 253c, 253d converge and which is connected
to the second gaseous refrigerant shut off valve 219. The second gaseous
refrigerant branch pipe 253b runs fromgits junction with the second gaseous
refrigerant convergence pipe 253 a and connects to the indoor heat
exchanger 233 of the indoor unit 203, passing through the pressure

adj ustin evi ce, 206 (discus dater) in-between, The second.gaseous
refriger gmg’ %rtﬁ?ﬂfﬁoﬁ’f ‘éﬂét iﬁéﬁﬁaﬁ%aﬁ@ﬁmlg Wﬁ%rejt%@ﬁpﬁzﬁ l%dtclﬁ %i%hecaé' dHY
gaseous refrigerant convergence pipe 253a and connects to the indoor heat
exchanger. . i i I th i i ng
changeovd? cagifkmbBBsbaBiashln GHE RANILEE NAHER | 16 AhUNIRE AR,
pi pe 253d runs fromits junction with the second gaseous refrigerant
conver genged &f fess ﬁﬁﬂﬁg@@ﬂ@@ém&th&ih&ﬁnhﬂﬁ@aﬁﬂﬁeaF exchanger 235 of the
i ndoor unit 205, passing through the 15 heati ng/cool i ng changeover device
208 i n- bet ween. {4] Pressure adjusting device Simlarly to the pressure
adj usti ng del2] &l ®eofery modei r st enbodi nent, the pressure adjusting device
206 is a single unit equipped with a pressure detecting neans 261, an

el ectric powered expansi.on val ve k262, and an,openi ng.adj usti ng, nean 63.
Tt T sB 26 pRavr e ARG ASaEs i tioubice NUp ARG SRR RSP DBITDEE

whi ch connects the outdoor unit 202 and the indoor unit 203 together. The

pressure | I .C I . i nt in
Phe i ndoorthe SpEaf BthEieshih EAEhith o B ERSHIy shidh | BLEBRERET
than the refrigerant in the indoor heat exchangers 234, 235 of the other 5
i ndoor  unijdctriPéwerd®expanbidf vaR8d2Ns slebirically drived. ThE oSS adjasti iédnk 69
device 6 of the first enbodi nent, the opening adjusting neans 263 of the
pressure adjusting device 206 is capable of forcefully providing the

el ectri c metdwelyeprowides thei dectria powertdexpandiomMalyp &3 with emlopening dor adjusting
appropriate for oil recovery node in response to an oil recovery node

ShOna i SgHeSluome I n cont ol puabln20 Sl 24 buf ST R, ST o

10  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
When, for example, the electric powered expansion valve 62 is arranged in the
15  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 again before being drawn into the compressor 11. Consequently, if there is a



f5] Heating/cooling changeover device The indoor units 207, 208 are each

" equi pped chiefly with a subcooling heat exchanger 241, 242, a | ow pressure
gaseous refrigerant return valve 243, 244, and a hi gh-pressure gaseous
refrigerant supply valve 245, 246. 15 The heating/cool i ng changeover

devi ces 207, 208 are configured such that, when the indoor units 204, 205
run in cooling node, liquid refrigerant can be supplied fromthe outdoor
unit 202 to the indoor units 204, 205 through the liquid refrigerant branch

pi pes 251 ¢, 251 d of .the liquj.d refrigerant . pipe.,251 and the subcaoling
hent - excmariigr St i Hocomiation oFrip deuting i RS A0 SdF amel foeBte 58 3he 55
are further configured such that 30 refrigerant evaporated in the indoor
heat exc t | hdgar i T [ to
the secom s Jsfitrnf 17, g AR potShiiy S g (eRkoRRe 31 HELA
gaseous refrigerant pipe 253 through the | ow pressure gaseous refi-igerant

return vabMgsuldte3in &lporfiod e the adaketis Croft defdht Glipe 4 OyRitresia Vot 8 éeotric 208

are configured such that, when the indoor units 204, 205 run in heating
node, gaseous refi~igerant can be supplied fromthe outdoor unit 202 to the
i ndoor urpowsr04xp@sont velyegh2.t st subjectipgs teusomptessaged hnto gprditibngpiofes
252c, 252d of the first gaseous refrigerant pipe 252 and the hi gh-pressure

gaseoys r.efizi.gerant su . val ves 245, 246. The heating/cooling changeover
devi c8s 2@#‘@?8‘8‘% @dfﬁg‘&h&fm&asi‘@ﬁf? PraRt WRSH that refrigerant condensed
in the indoor heat exchangers 234, 235 of the indoor units 204, 20S can be

del i ver ed tpCBH\?er%él%%iﬂl é%&éss'rg% ﬁn%ﬁéﬂ&gﬁih RESordabe Switttthis BmBbdildft
liquid refrigeran i pe throu the subcool i'ng heat exchangers 241,
242. The subcool i ng heat exchangers 241, 242 serve to subcool the liquid

refi-i gertamporatspfiguefictiéh tofethe ndGdderai inS thé04ased(S réfrigorahh @igyitidocan bei t
202. More specifically, the 15 heating/cooling changeover devices 207, 208
each have a subcooling valve 247, 248 and a capillary 249, 250 for reducing
t he presgueentdd kecpusetthe pleotrictroaverédyennansien vakye6aris dispesediisdeprppristead afo t he
heat i ng/ cool i ng changeover devices 207, 208 fromthe liquid refrigerant

2 ;22;292%@%%5%35 ?Th%ﬁ,z:%?m%iti%ng l(JnE 1n219ﬁi%?e%lt Io{ll %ncrlr?r(ljls%ﬂic-@n? ggsuetc))ﬁg ?elfti‘igeql‘ar?tel%{ake do
10  not occur at the compressor 11 and the reliability of the compressor protection can be
improved.
[3] Integration
Since a pressure adjusting device 6 in accordance with this embodiment is a single
unit integrating the electric powered expansion valve 62, the pressure detecting means 61,
15  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]

While the previous embodiment is an example of applying the present invention to an



ctool the liquid refi~igerant heading toward the indoor units 204, 205 to a
" subcool ed state 31 using this pressure-reduced refrigerant as a cooling
source. Meanwhile, after the refrigerant used as a cooling source is
évaporated in the subcooling heat exchangers 241, 242, it is returned
downstream of the | ow pressure gaseous2gefrigerant return valves 243, 244
and converges with the refrigerant evaporated in the indoor units 204, 205.
5 The indoor unit 203 differs fromthe indoor units 204, 205 in that it is
a dedicated cqpling unjt conpected to ssure adj.usfin i, C

i nstead &ff %nﬁamr%g?yet‘}m ﬁﬁ lsclﬁﬁﬁﬁégt}@?’elgée oF eerligy 1t i5@is0 a%ﬁ %&‘? fo ML air
condi tioning system 201 is configured such that it can perforntslnultaneous
heat i ng . T etelclel in a
cerver r BT on i cmdl BRI aco i O AR EOknEARSRORE" 1,

are run in heating node or the |ndoor unit 203 and the i ndoor unit 204 can
be run i A€ eRlchnditisHgs sydiérh 201 Her simdliameous héat@mand cobling towhiehthepresende.

(2) Operation of the Air Conditioning System The operation of the air

condi tioning system 201 of this enbodinent will now be described for a case
i n whi ch inveationhes beenaippliedewilbraw be descsibedwithwefareace tocthe drawings ng 15 Fi gure
7. In this description, it mAII be assuned that, when the outside air

t enpe ature son 0 nit 203 of the air

condi ioning]§§%P§H$?5%% Aﬁ‘%@ﬁtw gﬁéﬁgm?n order to cool the air

i nside the server roontand the i ndoor unlts 204, 205 operate in heating
node. Duri ng i i 0,

t hi s manner, F%Ereeog?%gtslrcﬂeb?nm(ej‘rﬁ%‘htb f\(?'fl?elf gﬁ?&%?ﬂ%] gﬁglﬂf ra‘flcag#] {)}?jingétr?n%"ssyst em
201 is configured as shown in Figure 7 (the flow of the refrigerant is

i ndi cat ecb(y imrdcovande twith fa Gedontl. ehboediaientlosh thenipres2f? inencionf iTher eid such
that, when the operating |load for heating is larger than the operating | oad

for coollng, the outdoor main heat exchanger 212a can be
conditioning system 201 is provided chiefly with one air-cooled outdoor unit 202 and a

plurality of (three in this embodiment) indoor units 203, 204, 205 connected in parallel to

10  the outdoor unit 202. It 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
are installed. The indoor units 204 and 205 are connected to the outdoor unit 202 in such a

15 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.

[1] Outdoor unit




5 Hade to operate as an evaporator by switching the four-way sel ector valve
" 213 to the heating position (broken line in Figure 7) and the outdoor
auxi liary heat exchanger 212b can be made to operate as a condenser by
openi ng the outdoor sol enoid valve 216 in accordance with the heating
operating load. First, except for a poRdion that is directed to the outdoor
auxi liary heat exchanger 10 212b, the gaseous refrigerant conpressed by the
conpressor 211 is fed to the indoor units 204, 205 through the four-way
he i1t galbaourioAas imdiiia Shiasors fidein 8L Fegalliiifed "t ne
i ndoor units 204, 205 is directed through the high pressure gaseous
refrigerany GuRR! Ynith! M€ ted?ih Bl ddfanl SRih R0 E0RbIcASh- AN 4F Aifloot >
devi ces %@g, g%@ an&ﬁﬁﬁtgoﬁﬁgfinﬁbor ﬁ{at egﬂﬂa%gers 9341r235,g§ Phgo?ndoor
units 204, 205, where it condenses and heats the air in the respective
roons. Thedin htdiexelhdensid, 4 furivesr Rivctop aake 2 18 anosiglodr ke pansiteoval exiaisi on
val ves 224, 225 and the subcooling heat exchangers 241, 242 of the
heat i ng/ cool i ng changeover devi ces 207, 208 and into the liquid refrigerant
pi pe 251.anEsetdper pexiliarypbeati exchariger i 2befani gptdentt sqlmidi\@lveealﬁ,n@oliqmg
liquid 33 refrigerant branch pipe 251b to facilitate the cooling node
operation of the .indoor .unit, 20 t he condense ef ri.ger a passes t hrough
Che | PauieiTiectn St vallhe kP delisb Epepe BE IS s S71E 208 EHer St bor
unit 202. Meanwhile, the portion of the gaseous refrigerant conpressed by
the conpr, Jerant Bdf-of l.hggted to the outdoor auxiliary heat
exchangeﬁﬁ%%%%nﬁéé%ondghsggﬁmﬁhisgbondensed refrigerant is mxed with the
refrigerant returning fromthe indoor units 204, 205 through the liquid
refrigerant Ph@eomprbssor edUGes devicd fr cBitpeestingtdasecs refbigeraat (Thedhtake videve
214, and directed Into the outdoor mai n heat exchanger 212a, where it is
evaporated. Then, the evaporated refrigerant is drawn into the conpressor
211 agai roftthe sogiprasker 21durs- sompeated seithe: fayr-weaa sebecoravalyen2bhend the peeond ow
rate of the gaseous refrigerant supplied fromthe outdoor unit 202 to the
i ndoor units 204..205 throu he .fLLr gaseous r.efrigerant pipe NS
i et ed BycouheBisiamnBEPOR vV 200] The SRERER, Hira 85 Rnteuclf
auxi liary heat

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

15  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 valve 217. The

outdoor expansion valve 214 is an electric powered expansion valve configured such that it



exchanger 212b and the flow rate adjustnent executed by the outdoor

" expansi on val ve 214. The portion of refrigerant condensed in the indoor
units 204, 205 is directed to the 15 indoor unit 203 through the liquid
refrigerant branch pipe 251b. Then, after the refrigerant is reduced in
pressure by the indoor expansion valve®5223, it is evaporated in the indoor
heat exchanger 233 and cools the air inside the server room before being
fed to the pressure adjusting device 206. Simlarly to the first

enbodi nent, the essure adj ystin evi ce. 206 | us t he .refrjgerant

o essur o Gah it heaEPuRG A refsit v isgsnten b suidhot Taih Hieh! BERRker
Figure 3) so as to achieve an evaporation tenperature (corresponds to T2 in
Figure 3)pp@4 Which the indoor heat exchanger 233 does not freeze. After
having its pressure reduced by the pressure adjusting device 206, the
refrigerant is returned to the intake side of the conpressor 211 of the
out door 202 Theé fodrhwgugiledidtevadacIBlisgnssensr vate casignéd i wakd theSshtddorer e
are times when the heating | oad of the indoor units 204, 205 is small. In
particular, in recent office buildings the anmount of heat emtted from
conput er smgincheaiexshangerila ifunctiones edheércan etaparatdreorsecansensenohhe four-saye
and, consequently, there are tinmes when the heating load is snmall even in
the wi_nter when the qutside air tenperature is low. 10 I.n such a sityation
Lhe 1 Pow St g gaiadas Somtefider BRES 806 R Mcowdoinanp RabBichames 2305
through the liquid refrigerant pipe 251 fromthe indoor units 204, 205
becones l; I Q&Y i e
out door cortrRE g, oF the SRR 311 AR BBk e ko BISE IS, PR e

i ndoor unit 203 becones relatively |arge. Under such conditions, wthout
the pressfirse gashous trefripettaivi shat-8ffovaltd2 18efWheeriantakkh the easdoce maki deatt he
i ndoor heat exchanger 233 woul d becone too | ow and the possibility of the
i ndoor heat exchanger 233 freezing would be high. Furthernore, if the

syst em weexshangsr 31 2aifusction aed condanser therfeusway selectanvalve 242 camdoanrechthgt
exchanger 233 does not freeze, the influence of the gaseous refrigerant

eLUDed Lo he Sl R oLt 202 oHa e T SReBNd SRssals el i derant
_10 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 the
discharge side of the compressor 211 to the first gaseous refrigerant shut-off valve 218.
15 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 result, the

overall refrigerant evaporation amount of the outdoor heat exchanger 212 can be adjusted.



35 possible for the gaseous refi-igerant to |liquefy on the intake side of

" the conpressor 211. Conversely, since the systemis provided with a
pressure adjusting device 206, even when the outside air tenperature is
I"ow, the indoor unit 203 can be run continuously in cooling node because

t he gaseous refi-igerant in the second2ghe gaseous refrigerant pipe 253 is
5 prevented fromliquefying and the indoor heat exchanger 233 is prevented
fromfreezing. As described heretofore, when the present invention is
applied to ﬁ@ SF{ condltlonlng system 201 that is capable of sinultaneous
heati ng and d oRp! unifye sane effects as the first enbodinent can be
obt ai ned. Even mhen the outside air tenperature is low, the room(e.g

ST oooM TRAHG hils 309904 68 Be chOR BRI R Y OURYEHY 2%“ o
10 performi ng sinultaneous’ heating an her odi nent s

Al t hough enbodi nents of the present invention have been described herein
wi th ref epang?s aad ahGndbor\Meay xchihiger X38¢ 284,C2350aR1 thickte Bévitedadndr efvesr &e not
limted to those of these enbodi nents and variations can be made within a
scope that does not deviate fromthe gist 15 of the invention. g Zﬁg

Al t hough cohrectadetopeshen withi cefreepeicpipingodherindoer expehsied valves 233 @3 e air

condi tioning systenms used for cooling only or for simultaneous heating and

cool i he |nvent on can al I|e to an ai ondj ti.oni n stem
Chor! B Lot Pvetid Arhedaion daiven e re i g peesaure O e TR FebSibcil YR o

roons are not Ilnlted to t he nunbers nentloned in the enbodlnents (3) In

the f i1 sto,e0iadi feBolird R ThU" Haptl 1Bk BELrIRNE 935S REHIE SRmBHED oUT | NG

non-wi nt er seasons Suc at the refrigerant pr ssure’in the cor respondi ng
i ndoor heat 5 exchanger |s hi gher than the refrigerant pressure in the

ot her i ndefiigefi@atoicalsas darisg heingvaode aid asrefiligParaevepiratoredirmgogeting he
el ectric powered expansion valve fully during
mode.
[3] Refrigerant piping
10 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
217 of the outdoor unit 202 to the indoor units 203, 204, 205 and includes the following:
liquid refrigerant branch pipes 251b, 251¢, 251d corresponding to the respective indoor
15  units 203, 204, 205; and a liquid refrigerant convergence pipe 251a into which the liquid
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

indoor expansion valve 223 of the indoor unit 203. The liquid refrigerant branch pipe 251¢

runs from its junction with the liquid refrigerant convergence pipe 251a and connects to the




non-w nter seasons such that the correspondi ng i ndoor heat exchanger is
"used at the sanme refrigerant pressure as the other indoor heat exchangers
and to operate the pressure adjusting device only during the wi nter season.
10 (4) In the second enbodi nent, one of the indoor units making up the

si mul t aneous heating and cooling type 8ffr conditioning systemis a

dedi cated cooling unit that is not connected to a heating/cooling
changeover device, but the invention is not limted to such an arrangenent.

F I h -l . : . aah
Syt om o R SEDUBITM YTG4Th GERNS HAPORART g3 PrseigbBReR e SO EBfRES: e
to a 15 heating/cooling changeover device and the indoor unit used to cool
br esour o ha 8P ievgic 7, (AR e - OEheBET T, g reffitrdbe BRI e
changeover device. Applicability to Industry 37 By using the present

i nvent i o514 gns Rl itd Guirtiibn RARSHE liguidtefripranh o@verdeaed pips 2b sngiel canasetbe

adj usted to a higher glgessure thanqt he frrgg?ri geranté&greggure in the gaseous
refrigerant pipe between the electric powered expansion valve and the

conpr essdo . thEherdeborexpamsien veben 22heobithe i indoeri unite2PBr passing ithropgy, the he
refrigerant pressure in the gaseous refrigerant 5 pipe downstream of the

el ectri c _powered, expansi on val ve n.be | red so_as to prevent the
gaseofls Meptngeqoling CﬁWY@@%@W?ﬁg(‘H?ﬁTsﬁeﬁﬁﬁF’gf‘ﬁ §¥¥SRt pressure in the

i ndoor heat exchanger can be adjusted such that the evaporation tenperature
of the refri J i I wi ||
ot freese,  PHuETs el FATRAR HoE 232 ekt Lo i B AR "
result, continuous operation in cooling node can be 10 acconplished even

when t he sgutsfrdanai 2718t SMpeIGkdboe ungt 1020 the 38ddoeluaits®D4,205 [i.ef) the eadosie
adj usting device (6, 206) for adjusting the pressure in the indoor heat

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

10  gaseous refrigerant convergence pipe 252a into which the first gaseous refrigerant branch
pipes 252c, 252d converge and which is connected to the first gaseous refrigerant shut-off
valve 218. The first gaseous refrigerant branch pipe 252c¢ runs from its junction with the
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-

15  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-
between.

The second gaseous refrigerant pipe 253 serves to connect the second gaseous



exchanger (23, 233) of an air conditioning system (1, 201) equipped with an
"outdoor unit (2, 202) having a conpressor ( 11, 211 ) and an outdoor heat
exchanger ( 12, 212), an indoor 5 unit (3, 203) having an indoor heat
éxchanger (23, 233), and a gaseous refrigerant pipe (17, 253) connecting

t he i ndoor heat exchanger (23, 233) to28he conpressor (11, 211), the
pressure adjusting device (6, 206) being provided with the follow ng: a
pressure detecting nmeans (61, 261) for detecting the pressure value of the
refrigerant, in the indoor heat exchanger (23, 233); 10 an ele [ oyer ed
expansi ofciigesat § ,off%%e f?sqféh? %‘Hg? %%Zz(éa@éﬁﬁ?&df’%& Wltﬁgﬁénﬁ‘{a izéé E‘){q‘;
253); and an opening adjusting neans (63, 263) that adjusts the opening of
the el ectf] oner DANS] % ( . d t pr ur al ue
of ther é@rﬁ%%r {a‘t%t ?(gleot%eeigg' egéc‘g’)i}dt esggl%segéﬁt}gégégetbtg@?ngfb@n%air%b( , §’2g§3§{ such
that the pressure value of the refrigerant is 15 adjusted to a prescribed
pressure céﬁb%ioﬁain‘ga{dlﬁae respediveaindo6O naith | Z0B, D4 YXU5¢ andr & Ssedoel @dsdoas i ng
device (6, 206) as recited in claiml, wherein the opening adjusting neans
(63, 263) is capable of providing the electric powered expansion valve (62,
262) wi t hefigemptoinvgrgeataipipe 248a info ayyetotheisecands gaseais|refrigerane bianplbgipes 39
when the air conditioning systemruns in oil recovery node in order to
returp lubricating oil that has_ accunulated in the refrigerant circuit to
the c8npriddRodd3e, 153d eppyerge a(‘%)"h i§jcpnRestrd; toithg seean %Steg‘l‘ﬁ i??"é&"{%ﬂt ég t-

adj usting device (6, 206) as recited in claiml1 or 2, 5 wherein the
electric i 1S3l N [

portion o %%g§%g§g§§§a#®ﬁﬁ%%%%gH%ﬁgygéﬁ%%y%ﬁﬁgg?sﬁ{ﬁ@g RHB#Qﬁ%%n |t#%ning
system pressure adjusting device (6, 206) as recited in any one of clains 1
to 3, wheh&iséconb ezatbRit refrigep@tRiofvergitensip© 2538 lané cobdect?f?jhe indeorphe@ssur e
10 detecting neans (61, 261), and opening adjusting neans (63, 263) are
constructed as a single integral unit. (5) An air conditioning system (1,
201 ) equieuplmhgei 233 ohthefintldawinitg203, passing through the pressure adjusting device 206

(discﬁssed later) in-between. The second gaseous refrigerant branch pipe 253¢ runs from
10 its junction with the second gaseous refrigerant convergence pipe 253a and connects to the
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
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
15  heating/cooling changeover device 208 in-between.
[4] Pressure adjusting device
Similarly to the pressure adjusting device 6 of the first embodiment, the pressure
adjusting device 206 is a single unit equipped with a pressure detecting means 261, an

electric powered expansion valve 262, and an opening adjusting means 263. It is



-an outdoor unit (2, 202) having a conpressor ( 11, 211 ) and an outdoor

" heat exchanger 15 (12, 212); a plurality of indoor units (3 to 5 203 to
205) each having an indoor heat exchanger (23 to 25, 233 to 235); a gaseous
refrigerant pipe (17, 253) having a plurality of gaseous refrigerant branch
pi pes (17b to 17d, 253b to 253d) conneg@ped to the indoor heat exchangers
(23 to 25, 233 to 40 235) of the respective indoor units (3 to 5 203 to
205) and a gaseous refrigerant convergence pipe ( 17a, 253 a) into which

t he gaseous .refrigerant branch pipes 17h to 17 253b to 253d) converge
bnd o oRTEAGiR BE el Eeeeias cEBr@et e pipe 253h, Which caiiche bk o0tloor
adj usting device (6, 206) as recited in any one of clainms 1 to 4 connected

to 5 somgfhoh Qﬁg %?é@gg% 1.;n?tf idﬁ%g@i{&'&. ’i’ﬁ%ﬁ%?sxﬁ’é thﬁst\‘}\',#ﬂévic%%ﬁ)can Q@g(s)tﬁﬂe al r

condi tioni'ng System as re ed | alm ereln the1n units
(204, 205) corresponding to the gaseous refrigerant branch pipes (253c,
253d) t hgjresd@rensttthb a¥feigarapt &5 tHer idasH hiat exchadgeti 133 206 )indevingst 268 ther et o
are 10 connected to the outdoor unit (202) in such a manner that they can
switch between cooling node and heating node; and the o eratin% capacity of
t he out ddighenpressyrechin dwerrefrigenatit s tthel indeon beasraxghangersi 234, 286 af ghelother

operating load resulting fromthe cooling operation and heating operation

of the pluralit inhdoar units (203 to 205). 15 . AY,.A.E. A Y _AE.
O b, Ritdeonpind0ar Tt Ao apain sty oy hA PSSR ARBYAE Gpisg 6 OF e fishen AF
. SE. AY. @. AF. @. AY. @. AF, Y. AY. , Y. AF. , Y. AF. , Y. AFAGE. AFA, Y. AY. . AFA, | . AY. , | . AY

A, . AFl . AF, @ Y| : o 68- I . .
zupkf a\ V\]egg%gﬁﬁ?la] caj gai @% %ﬁf@g clgf?%%(a Egg}ecgﬁe(%]?%a Jélgﬁl%fi(e:‘é %aﬁoga'fca] ca
] ca] ca] ca] ca] ca] ca] ca] c<aU] c4a]c<aUjca! DR ~

capable of forcefully providing the electric powered expansion valve 262 with an opening

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

10  mode is executed.

[5] Heating/cooling changeover device

The indoor units 207, 208 are each equipped chiefly with a subcooling heat exchanger
241, 242, a low-pressure gaseous refrigerant return valve 243, 244, and a high-pressure
gaseous refrigerant supply valve 245, 246.

15 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
251c, 251d of the liquid refrigerant pipe 251 and the subcooling heat exchangers 241, 242.

The heating/cooling changeover devices 207, 208 are further configured such that
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O-1 cap111ary 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
branch pipes 251¢, 251d during cooling mode. The subcooling heat exchangers 241, 242

cool the liquid refrigerant heading toward the indoor units 204, 205 to a subcooled state
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using this pressure-reduced refrigerant as a cooling source. Meanwhile, after the refrigerant
used as a cooling source is evaporated in the subcooling heat exchangers 241, 242, it is
returned downstream of the low-pressure gaseous refrigerant return valves 243, 244 and
converges with the refrigerant evaporated in the indoor units 204, 205.

5 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/cooling
changeover device 207, 208. In short, the air conditioning system 201 is configured such
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, 205

10 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
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
15  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
operate in heating mode.

During an operating mode in which heating and cooling are mixed in this manner, the
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refrigerant circuit of the air conditioning system 201 is configured as shown in Figure 7
(the flow of the refrigerant is indicated by arrows in the figure).

The outdoor unit 202 is configured such that, when the operating load for heating is
larger than the operating load for cooling, the outdoor main heat exchanger 212a can be
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
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.

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
exchangers 241, 242 of the heating/cooling changeover devices 207, 208 and into the

liquid refrigerant pipe 251. Except for a portion of the refrigerant that is fed into the liquid

"10%
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203, the condensed refrigerant passes through the liquid refrigeran{ convergence pipe 251a
and returns to the outdoor unit 202.
Meanwhile, the portion of the gaseous refrigerant compressed by the compressor 211
5 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,
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
10  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
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
15  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
heat exchanger 233 and cools the air inside the server room before being fed to the

pressure adjusting device 206. Similarly to the first embodiment, the pressure adjusting

device 206 adjusts the refrigerant pressure in the indoor heat exchanger 233 (corresponds



()-"10% U& ()-,10% U& ()- MLO% U& ()-10(g! ! " d"" #n#i K- 7#10% U& () - F! $10%
()-""10% U& ()-"10% U& ()- 10% U& ()-310% U& () - s$10%

() - ##Z$$% 9BRI K- 76" 10% U& ()-3 10% U& () - F1! 10% U& () - Y. $10% U& () - +" 10%
()-,)"10% U& ()-y& 10% U& () - &E&F&CEHRI&&&Q i K6" 10% U& () - nt' 109& () -

ynt 1098’ ()- 10%& ()- @O0% ()-10 Ul0 UlB84U 910%

U& ()-Q "' (b(()h))iK-KY9! "109& ()-s"109%& ()-1"109%& ()-1"109%& ()- Yl "109%& () -
$10%& ()- "10%&' () - ) u**0+q++ i K- K 4"1ocy&'()-|1

109&' () - I 0 e&' ( 38%&' " 109& &" 109 ()= 3,0, mmuad-i K
4" 10%! (2 . iq)Eoth BT b et ponds to T2 in
109&' () - 3u--%z A TTK-K'10% U& ()- "10%

Figure 3) at which the indoor heat exchanger 233 does not freeze. After having its pressure

\ U&I
g
g
04

reduced by the pressure adjusting device 206, the refrigerant is returned to the intake side
of the compressor 211 of the outdoor 202 unit through the second gaseous refrigerant pipe
5 253.

There are times when the heating load of the indoor units 204, 205 is small. In
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, conséquently, there are times
when the heating load is small even in the winter when the outside air temperature is low.

10 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
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 refrigerant

15  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
operated at a refrigerant pressure at which the indoor heat exchanger 233 does not freeze,
the influence of the gaseous refrigerant returned to the outdoor unit 202 through the second

gaseous refrigerant pipe 253 from the indoor unit 203 would become large and it would be
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possible for the gaseous refrigerant to liquefy on the intake side of the compressor 211.
Conversely, since the system is provided with a pressure adjusting device 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.

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.

[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.

(1) Although the previously described embodiments applied the invention to air
conditioning systems used for cooling only or for simultaneous heating and cooling, the
invention can also be applied to an air conditioning system that switches between cooling

and heating modes.



CU& ()-S"10% U&' () -"10% U& ()-, 10% U&' ()-51 55"6{66(77i K-K, ) n'10% U& () -
y& "10% U& ()-#"10% U& ()-Y!'$10% U& ()-"110% U& ()-1"10% U& ()-"10%
U&' ()-77?888E9999i KA710 UL10 Us9"10% U& ()-6"10% U& ()-3"10% U& ()-F1l "10%
U& ()-Y.$10% U& ()-+l"10% U& ()-999: ~: x::$;}_A710 Us$10%& () -
109%&' ()-,10%& ()-y"10%& ()-"10%& ()-f @BY&R ()-10 US$; {;; 2<<<<=i K-7@
109 () - &G
109 () - F&! 310%& ()-s"10%& ()-"109& ()-"109%& ()-Y"109%&' ()-=Z===P>>>>>j KA710
109 10%& ()- oR
109%& ()-11°1 /& nﬁm@ftfo/&f (tpoms o3fg: Pt Limitsdrie, thg numbssompentigned in the
109&' ()-10%&' () - S
109&' () -1 lgﬁ'%a?{t@om 0 - 10@\@@[ AnAi K- 7@ Y10%&' () - &10%&' () - #
10%& ()-Y 10%& ()-"10%& ()-F
109%&' () - nAABVBBCKkCl CnCi KA71010s9" 109&' () - 6" 10%& () - 4" 109& () - Y1"10%& ()-Y.$
109%& () - +&1 0% 1h )therGréiaéhbdaidabl} _Llih7§ bk Udjuting device is operated even during
10%& () - S10%& () - S"10%& ()-nt 10%& ()-f @O% () - 10E] EEEFWFF) G K- 7y&" 109%& () -
#" 109 ()- Y& $10%&' () -
1098 () - TORAViajer "st@RRs (SpchFthad ke (r;ﬁngmmmmeumths gomrespendingcihdoorghgaf - 3" 10
&' ()-F1"109%& ()-Y. $10%& 0 - +y10%& ()-@"10%& ()-cldlelflillJrJJiKs9"10%&' (
0, 0, 0, 0,
iog&lg)/&f%}g@égqé%( o /&t}‘qé ]é%r/le%\n %ﬁb@&n( 5he other indoor heat exchangers.
109&' ()-"109& ()-nt 10%& ()-3"10% ()- ~$10%& ()- MM/ MWANZNNGO K- K6

Tooe: E g e i o Hhact BMptabc )f&@r{%é )fg%ﬂco;{&%ve@éd QA% Warvé fully during

109%; () - g10% () -f SI0% ()-10101059" 10% () -\ PPQMQY RRRI K- KY9! $100@& () - 1" 10
Y& () - " 1Qf¥-wihter 564248ng $uch that the corresponding indoor heat exchanger is used at the same

Yrt 109& () - $10%& () - 10%' ()- R SvSST TTU K- K34" 109%&' () - 1" 10%& () - Y. $100&"
()-, 109 ()-f)"10%& ()- &

109& () - $eigerany -presshte~aUtheUothes dnd@vghea) -oxcliaps®’ @d to operate the pressure
1098 ()-f @09%6& ()-1010109° 10% () - 6510% () - VKVWMANRX K- KI " 10968 () -

9%& ()-"10%& ().- Y 1095 0958
1096& () adl‘@%é) devyicenly %M é%%& ()-Y. $1096& () -, "1096& ()-S)" 10%

& ()-& 109%& ()-#109%& () -

FO! &3898535& A\ | KIL1100B&:():c b " 1OQ%R : O iz 059" 1
095 &,]l?) e 15‘@%2{1?@53&5[1{6“1{0{1[&1&&, R BBie)inboot Akt (rﬁﬂénél'gp/“ghé dibPRddrd
1096& ()-[I\\\VF]]] 7 K- KS109&' () -"109& ()-3"109%& ()- $109%& ()-ni 109 ()-n'10
%& ()-  heating and cooling type air condltlomng system is a dedicated coohng un1t that is not

s 10W§1(())/&A¢(3)AA v__ 7] 1T K-KY. $10%&' () -+"10%&' ()-,)" 109 ()-&"109%& ()-#"109%&
()-Y! 0

109& () - |0bnp@sé%da@afa}1@atm/%9m1(apg®@ow1eq bup th rigventiogdgne? hreltqdmgﬁl{c;l 4" 10
% ()-Y1"10%&' ()-a: bbbEccc: di K-K 10%&' ()- 310%& ()- $10%&' ()-"10%& () -

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
15  heating/cooling changeover device and the indoor unit used to cool the server room or
other room with a high thermal load could have a pressure adjusting device connected in

series with the heating/cooling changeover device.

Applicability to Industry
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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 is

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 recovery mode
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e #$% Oée*feétiﬂg%@a%é?@l, 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:
an outdoor unit (2, 202) having a compressor (11, 211) and an outdoor heat exchanger
15 (12,212);
a plurality of indoor units (3 to 5, 203 to 205) each having an indoor heat exchanger
(23 to 25, 233 to 235);
a gaseous refrigerant pipe (17, 253) having a plurality of gaseous refrigerant branch

pipes (17b to 17d, 253b to 253d) connected to the indoor heat exchangers (23 to 25, 233 to
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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 17d,
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
(253¢, 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).



