DESCRI PTI ON Al R CONDI TI ONER TECHNI CAL FI ELD [ 0001] The present

I nvention relates to an air conditioner for controlling tenperature
and hum dity. BACKGROUND ART [0002] There is a known two-stage
conpression type refrigerator that controls overheating of the

di scharged gas froma high stage-side thereof (see Patent Literature
1). Al so, there is a known air conditioner that increases energy
efficiency while ensuring saf etyDESE8IPATEONt Literature 2) or carries
out a nmulti-stage conpressing operation to increase operational
efficiency in both cooling and heating operations (see Patent

Literature 3). CI TATION LI ST ATR CONDITIONER

TECHNICAL FIELD
[0001] The present invention relates to an air conditioner

for controlling temperature and humidity.

BACKGROUND ART

[0002] There is a known two-stage compression type
refrigerator that controls overheating of the discharged gas
from a high stage-side thereof (see Patent Literature 1).

Also, there is a known air conditioner that increases energy
efficiency while ensuring safety (see Patent Literature 2) or
carries out a multi-stage compressing operation to increase
operaticnal efficiency in both cooling and heating operations

{see Patent Literature 3).

CITATION LIST
Patent Literature
(0003] Patent Literature 1 Japanese Patent Application
Laid-open No. 2007-255864 {(see the claims and Fig. 1)
Patent Literature 2 Japanese Patent Application
Laid-open No. 2006-029744 (see the claims and Figs. 1 to 3)
Patent Literature 3 Japanese Patent Application

Laid-open No. 2010-112618 (see the claims and Figs. 1 to 3)

SUMMARY OF INVENTION
Technical Problem

(0004] When conditioning the air in a relatively large space
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Patent Literature [0003]Patent Literature lJapanese Patent
Application Laid-open No. 2007-255864 (see the clainms and Fig. 1)
Patent Literature 2Japanese Patent Application Laid-open No.

2006- 029744 (see the clains and Figs. 1 to 3) Patent Literature
3Japanese Patent Application Laid-open No. 2010-112618 (see the
claims and Figs. 1 to 3) SUMVARY COF | NVENTI ON Techni cal

Pr obl em [0001p@hehe derditiwhiodgat Frec e ¥y ioF Bui dHARDvdI97WEERhe aspaes
conditioner needs to lower the temperature of conditioning
target air, such as indoor air of the space, to a much lower
temperature than a target temperature of the indoor air for
dehumidifying the conditioning target air, wasting a lot of
energy.

More particularly, when the air conditioner dehumidifies
the conditioning target air and processes a latent heat load
that accounts for a relatively small percentage of the whole
heat load borne on the air conditioner, the air conditioner
operates inefficiently to lower the temperature of the
conditioning target air to a temperature required for
dehumidifying the whole conditioning target air.
f0005] Thus, a technical problem to be solved by the present
invention, or an cbject of the present invention, is to provide
an air conditioner capable of saving energy needed for
eliminating latent heat and sensible heat of the conditioning
target air in a cooling and dehumidifying coperation and also

capable of operating safely and nature-friendly.

Solution to Problem
[0006] According to a first aspect of the present invention,
an air conditioner includes an air supply duct for supplying
conditioning target air including at least indoor air and
optionally outdoor air of a building to be air-conditioned into
the interior of the building, a high stage—-side cocler provided
in the ailr supply duct for mainiy eliminating sensible heat
of the conditioning target air, a low stage-side cooler
provided downstream of the high stage-side cocler in the air

supply duct for mainly eliminating latent heat of the
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such as the interior of a factory or building, however, an air
conditioner needs to |ower the tenperature of conditioning target
air, such as indoor air of the space, to a nuch | ower tenperature
than a target tenperature of the indoor air for dehum difying the
conditioning target air, wasting a | ot of energy. Mor e
particularly, when the air conditioner dehum difies the conditioning
t ar get aigorahid iprrogessesrgetatednt Weate | badtt hatadicheantsdorpartly
relatively small percentage of the whole heat | oad borne on the air

condi t i orferiMinfdefd PycorelNtidbnet 29pef AE@ SIHST i endmt y NERo%RP L e Fe

t enper at .t condi.t i qni t t.air t t enperat.ur equi red
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t echni cal [quoobl em A8cHed $0f \tela R dohel REesento fi HNE Mric@Rn tOf n#dn ODb Lt

of the present invention, is to provide an air conditioner capable of
savi ng erdrgyaheededdidiogleim iratiwde$ aeniitetat haatl semoivisiny heat t of
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optionally outdoor air of a building to be air-conditioned into
the air supply duct.
[0008] According to a third aspect of the present invention,
the air conditioner includes an indoor air intake fan provided
at an inlet of the air supply duct for taking the indoor air
into the air supply duct.
{0009] According to a fourth aspect ¢of the present invention,
the air conditioner includes a first inter-refrigerant heat
exchanger for exchanging heat between a primary refrigerant
and a secondary refrigerant, the secondary refrigerant
circulating in a secondary refrigerant circulation pathway and
being supplied to the high stage-side ccoler, the 1low
stage-side cooler, and the indoor air cooler for absorbing
sensible heat and latent heat of the conditioning target air
and sensible heat of the indoor air, the primary refrigerant
circulating in a primary refrigerant circulation pathway for
coeling the secondary refrigerant, the secondary refrigerant
pathway and the primary refrigerant pathway being physically
separated from each other.
[0010] According to a fifth aspect of the present invention,
the first inter-refrigerant heat exchanger is provided cutside

of the building. The secondary refrigerant includes two

mutually different kinds of refrigerants, one of which is used
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the interior of the building, a high stage-side cooler provided in
the air supply duct for mainly elimnating sensible heat of the
conditioning target air, a | ow stage-side cool er provided downstream
of the high stage-side cooler in the air supply duct for mainly
elimnating | atent heat of the conditioning target air whose heat

| oad has been partly elimnated by _the high stage-side cooler, and an
i ndoor coldl & ef §A IhaPRRYCEPLARNEPPAGY | R @it &Y &f-20%e SiLiGo6PCAPE /

[ 0007] Accaording to.a_second. aspect__of, the _present invention, .the air
condi ti onaenroditr}fc ﬁglelgrao%i ‘?ﬁ% CRest FESovsr %Rﬁnﬁd%?léva}l e&ot?prls rr'earTngSf

the high stagerside celerd e RidorsURR Yoduet- ardsareeceRdnheat
recovery unit provided between the high stage-side cooler and the | ow

st age- si desfonigiearantn ddwed aim shpphigliustag¢ 08¢ Acoot drngntiothet hbwd

aspect Cﬁséggéfgfgfnéoéfgghtl8Qé air conditioner includes a second
inter-refrigerant heat exchanger provided outside of the
building for exchanging heat between the refrigerant used in
the high stage-side cocler and the low stage-side cooler and
the refrigerant used in the indoor air cooler.
[0011] According to a sixth aspect of the present invention,
the primary refrigerant is ammonia, which has an excellent
quality as a refrigerant, and the secondary refrigerant is
water or brine, which is safer in comparison with other kinds
of refrigerants.
[0012] According to a seventh aspect of the present
invention, the primary refrigerant is chlorofluorccarbon,
ammonia, water, carbon dioxide, or hydrocarbon, and the
secondary refrigerant is carbon dioxide.
[GO013] According to an eighth aspect of the present
invention, a high stage-side compressor connected to the high
stage—-side cooler and a low stage-side compressor connected

to the low stage-side cooler are turbo refrigerators having

a variable speed control feature.

Advantageous Effects of Invention
[0014] Because the air conditioner of the first aspect of
the present invention includes the air supply duct for
suppiying conditioning target air including at least indoor
air and optionally outdoor air of a building to be

air-conditioned into the interior of the building, the high
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the air conditioner includes an indoor air intake fan provided at an
inlet of the air supply duct for taking the indoor air into the air
supply duct. [0009] According to a fourth aspect of the present
invention, the air conditioner includes a first inter-refrigerant
heat exchanger for exchangi ng heat between a primary refrigerant and
a secondary refrigerant, the secondary refrigerant circulating in a
secondar)ﬁtraejer-iSQiéiearQOOdierrc@Ir@NiidﬁdpianhWaq aind sheimly sl ifed raithe
hi gh stag%rel si de cool er, 'tg)g | ow st e side c¢ooler, and the indoor air
cool er f o THIGH iy S§8FdPh LN RREC ﬁ&el SPRAt LheRtngftapet alr, the

condi tioning tam qu!dr a 90%@95'%&7{‘@@& q{ovgr{%earféggorofal Lhel NG hat?

primary refrigerant circu at|ng ima primary refrigerant circul

pat hway fsaifageoalidecbbeeseicpbHaras i ehpp UerRt féhenaSeagndaininating
refrigerant pathway and the primary refrigerant pathway being
physi cal Ihyatsedahgaedof tom eeeﬁlmhenng[mtwem'dhﬁgetfceed: flopthhas

aspect of the ent. lnven |nter refri rant heat
exchangerb%eé1 BEngHeﬁlHﬂ%E?%‘éggW ECFF@ {5 § and the
refriger t t i r

A S e D %P%%%“Sﬁ‘%é%@fﬂo efﬁéaﬁﬁé%”ﬁ%% Bicer
st age- si @d.igodltel s podsibeeothgsrafesdixchmushusedti Dokleasnploosilel &

cooler. The refri grgrant used in the indoor air cooler is safer than
the refriigerhAthigedbagatid dn GROJLAGER Jicgticcobrat berd disenieoan the
st age- si o_le cg%I er. The air .condit

d d
i nter - r ef g SFERE HESE ézfgﬁgﬁggpdpgfﬂv?&%ﬁ oﬁ?‘g%ﬁgmi?gﬁ%et%[ﬁﬁfﬁmﬁr? or

exchangi pg heatnbetweenrihe netgboshanhtUsedehd tHeahi obn Sh@gessisle
cool er and the | ow stage-side cooler and the refrigerant used in the

i ndoor aierircool en. ufi08d4dieicdby diay temnpse rsibutrte asfpect soélshepdps edehd

lnventlogb avoid lowering the evaporating temperature of the
refrigerant to an unreasonably low temperature to save energy,
ensure safety, and protect the environment.

When the conditioning target air is cooled and dehumidified,

the absoclute humidity of the conditioning target air in a
cooling operation has one-to-one relationship with the
temperature of the c¢onditicning target air. Thus, a
temperature of the conditioning target air lower than the
temperature corresponding to the target absolute humidity is
called “unreascnably low temperature”.
[0015] Because the air conditioner of the second aspect of
the present invention includes the first heat recovery unit
provided upstream of the high stage-side ccoler in the air
supply duct and the second heat recovery unit provided between
the high stage-side cooler and the low stage-side cooler in
the air supply duct, the heat of the conditioning target air

can be absorbed by the first heat recovery unit, the high

stage-side cooler, the second heat recovery unit, and the low
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the primary refrigerant is amonia, which has an excellent quality as
a refrigerant, and the secondary refrigerant is water or brine, which
Is safer in conparison with other kinds of refrigerants.

[ 0012] According to a seventh aspect of the present invention, the
primary refrigerant is chlorofluorocarbon, anmonia, water, carbon

di oxi de, or hydrocarbon, and the secondary refrigerant is carbon,

di oxi de. JOTESHAEDOIBRNEE ot ﬁ@%@%ﬂ%@ﬁdﬂawe%e%%%ﬁtof being

i nventi on ao%i&p 8%{3%21- g/ d€h§0HR[JS_Sse aC%eo_rg}Lecget egoéfe}:h%tngiidgi{}be  hg”

. dbso
St age- sl cf(e C er a ow St age-sSI npressor connec

| ow st agersifie o elode: I unbagr efiti gar gbaksphavicegraduaki ahkensneed
control feature. Advant ageous Effects of Invention

[ 0014] Because-gtherairoasbrimtitriconer thfe tloe ttrge-asplectooflerhbyprnesagt
i nvention includes the air supply duct fqr supplying conditioning
target aithg FEGRNIchd AT IHELY SIASOH taih 1dRd 19FEREF ARy 66t dB5FCaPf

of a bu'kﬁkﬁ%e%% Q%sorption load borne on the high stage-side cooler

to achieve efficient operation, and to save the total power
of a high stage-side compressor and a low stage-side compressor
needed for driving the high stage-side cooler and the low
stage-side cooler.

Also, by using the first heat recovery unit to warm up the

conditioning target air that has been overcooled in comparison
with a target temperature of the indoor air for eliminating
latent heat closer to the temperature of the indoor air before
supplying the conditioning target air to the interior of the
building, it is possible to prevent cold draft, a phenomenon
in which the conditioning target air at a low temperature blows
into the interiocr of the building to make people there feel
uncomfortable.
[0016] Because the air conditioner of the third aspect cof
the present invention includes the indocr air intake fan
provided at an inlet of the air supply duct for taking the indoor
alr into the air supply duct, it is possible to adjust the amount
of the indoor air supplied to the air supply duct by contrelling
the indoor air intake fan so that cooling load borne on the
low stage-side cooler is minimized due to the ratio of latent
heat load of the indcor air and the outdoor air.

It is also possible to use the indoor air cooler, such as
an evaporator connected to the high stage-side of the two-stage

compression type refrigerator, to eliminate the remaining
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air-conditioned into the interior of the building, the high

st age-si de cooler provided in the air supply duct for mainly
elimnating sensible heat of the conditioning target air, the | ow

st age-si de cool er provi ded downstream of the hi gh stage-side cool er
in the air supply duct for mainly elimnating | atent heat of the
conditioning target air whose heat |oad has been partly elimnated by
t he hi gh stregésist deeatvol @rd tamalt tives | molodreenopeecédsedubnl yhe high
elimnating | atent heat. of the indoor air, it |s possible to_process
as nuch 99 T QLTSS B By E heChi e ST aEeSi GeOtehl By fBrFRShice
heat | 0ad parde, PR el SLAGE:SLARY GOPISle ARG 1L0aRYOLELOVPELAD.
the tenperature of an unn dessar) y 3airge amount “of the condrtroning
target air toDtadns HDEeaseswdhye lt@vcherperat Uheenbed SeRlBOdPOsShbient O
avoid lowering the evaporating tenperature of the refrigerant to an
unr easonallfhaww liceigrdmnst (he tempgretawer g¥, thasaerdshienynganarget
protect the environnent. When the conditioning target air is

cool ed ar‘?’&rdg:ﬁurﬁrﬂi%r&fsotr}?@% “{J[]E@Hlﬂﬁﬁadﬁ%? ‘of the conditioning
target aifpguya Copbidgs ORSIALONCBAY: PRERLE- OPC LIRS HLBBLIYe
the tenperature of the conditioning target air. Thus, a tenperature
of the camd tdresdigry tiangettisdn iovkBrdddhathd heltenpetiedreefrigerant
corresponding to the target absolute hum dity is called "unreasonably
| ow t enpé&¥edttur BXChEDO%5] BerausSERaYENg clopdt t ikaietesst the seebnmary
aspect ofrt egpres nt inv%?ltion i ncludes the.fi rstthe Lhﬁrecover%{ uni t
provi ded JGgtEAATST MR RP§h STEYEEi e EhoF &P AR L h rSSuppryY
duct and /{Jdyej3Reand heafrdecovely unht Rhevi dedeilen therhighant
st age-si de cool er and the | ow stage-side cooler in the air supply
duct, theilreatl agficonhpatbwdiytamhibegricasgpplaed tcanheehabbosbegebyldde
first heat recovery unit, the high stage-side cooler, the second heat
recovery CQRILEL -ahfCt hev| %Wg%f%tb‘g@ SFURLT00I3A thealgdgaentt &l Comhder

i nstead qf _bel I : ' - S} cool er
| ow st agg-og i e&g%%f)rz{? .SQ‘?%&?L el()kttpé%E ta%gjsis%%%éé %%gr%egu%glet C%Del]“ﬁle%
absor pti earlgead sher aadoBechBephewnshagerstle £RObSF HYr UStg dhBrary
second heat recovery unit while increasing the ratio of the heat
absor pti orflrdgerbotne ohrthéahigh stiage- $hee cpolieeryo achfeivgerant
efficient .operation, and to save the total power of a _high stage-side
conpr ess&rIaMHd ek lpw%ﬁaw §|°d"ec%%ruﬂ?%§ 6rS ¥ 6F f&ﬂ%\?irﬁ‘(‘j‘tt' hehe

hi gh st age-si 0 - ge: S§i cqal.er..

si'ngt he PP e ear racnaany B ier sand, el pd fary ol vl
ai r that phaswhgerboves ceblyed clan 1g0NPass SHtedv Fhoa tedget okaaper atng e
of the indoor air for elimnating |atent heat closer to the

t enper at BEEMSE vt Frf T hgRornhidosseh ot d sdppryinridia helvandi 1¢ bnigerant

target air to.the interior of the buildin it.i s possihle to prevent
ol o dr AT o R RGRBERE Y H AN P E It BT baEnar ¢ o

| ow t enpekratiy e, QLons; LntQ t j [ t 5 0 € .
peopl e ther el feFe)I unc%)m‘ ggr&t a%?%%@%%%lg?gg%gu%g t%el%drlgc%ﬁd?ﬁéonaelrr of
t he thirdoagpedbnetr while securing safety without causing harmful

and. t he
onirng

effects on people at the interior of the building even if the
primary refrigerant harmful to human health is used in favor
of energy efficiency.

[0018] According to the air conditioner of the fifth aspect
of the present invention, the first inter-refrigerant heat
exchanger is provided outside of the building. The secondary

refrigerant includes two mutually different kinds of
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t he present invention includes the indoor air intake fan provided at
an inlet of the air supply duct for taking the indoor air into the
air supply duct, it is possible to adjust the anount of the indoor
air supplied to the air supply duct by controlling the indoor air
intake fan so that cooling | oad borne on the | ow stage-side cooler is
m nim zed due to the ratio of |atent heat |oad of the indoor air_and
t he out de@frdigerants,| engofavsbchassitre@ indthabigheiaufosidg gooler

cool er, suc S an_evaporat or connected t he hi gh stage-side of the
v ot ageTEbREFeLaT R Ty pe 187 (1 et oPne 508 P e S RS Tortgi RPRY
sensi bl e ;heah ol padobhal; has,nQlr .be@ﬁepw@ﬁ?@gaﬁy ddeq hirph hst aggosi-de
cooler and the |Iow stage-side cooler to furfther increase the energy
ef fi ci eneyt rofcddiee mwhos esafercohdht ithrerrefrigdrants wdesb jposshdl bigbd

carryout intended dehum dification wthout |owering the tenperature
of the cordiagwnidsy kRt anrd theanounrdastitabidr | P tehper B @r 81
[ 0017] Becausge .t.he air .condition of _the f.our s . p nt
i nvent i off ST UEEE S he T %géﬁ n%@?—rSFFPSgraﬁbgﬁgaggg%%ﬁ%ﬁég? f%%gg

exchangi Rg galgdebweenqbRe i d 1B B rr&fd ibgananh@ndr the rsecandph¥at
refrigerant, the secondary refrigerant circulating in the secondary

ref ri ger atweiarc uhat Freofr e tevay used beitige soppl $ethe-oside duicgler and
st age-si de cool er, the | ow stage-side cooler, and the indoqgr air
cool er f dheabROEHiANE Serlsi BPel Heandamr Faf&hoeRaat wied hg the indoor

conditi 090 Laget 2l to A, SENEDlG fiealogt Lheal 0daor Al pthfiary

primary refrigerant circulating in the prrnar gér ant

ci rcul at i pafdrat e enel s88ohdgr §econdagyrsef rdgar art, 1688 into
secondary refrigerant pathway and the primary refrigerant pathway

bei ng physiecdinbe rseparcdt edef borhledoty drhdrrachemeninygr.y Thilpi gékahs
does not leak fromthe primary refrigerant circulation pathway,into
the i nt eH9G161 fE BuFFor G, SPARGE, STE e eBGYsPbI'de 8 FnerRask. BREF gy

o T 1 o1 el LHEA1nGoRdEbigner; e SEEuthgUpsahety WAfoU: on
causi ng harntful effects on people at the interfor of the building
even i f therd mar wHefiigeriant dartidel bt ol dimgneheal 1H tiseupedmany
favor of energy efficiency. [0018] According to the air conditioner of
the fifthedspastrastt hremppésenthunayehepdhh thaised §n favor of energy
inter-refég er.ant heat exchanger is provided outside of the building.
The secorft Jaflency‘

[0019] According to the air conditioner of the sixth aspect
of the present invention, the primary refrigerant is ammonia,
which has an excellent gquality as a refrigerant, and the
secondary refrigerant is water or brine, which is safer in
comparison with other kinds of refrigerants. In this
configuration, ammonia, which is harmful to human health,
circulates cutside of the building only. Thus, it is possible
to use a natural refrigerant to achieve
environmentally-friendly and energy efficient operation while
securing safety at the interior of the building.

Having “an excellent guality as a refrigerant” means that
the refrigerant has a high coefficient of performance in

comparison with other kinds of refrigerants.
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refrigerant includes two nutually different kinds of refrigerants,
one of which is used in the high stage-side cooler and the | ow

st age-side cool er, and the other of which is used in the indoor air
cooler. The refrigerant used in the indoor air cooler is safer than
the refrigerant used in the high stage-side cooler and the | ow
stage-side cooler. The air conditioner includes the second

i nter-reff@@Hlant heatowkiotanger theoviidedcgtisiidmenf ahethai kdivagthor
exchangi ng heat between the refrigerant used in the high stage-side
cool er arffRY | &b sttdife- SEECdol dRVERE1ORe r BEFRYERantNGseBT i ReEKe
i ndoor ai ecau i L.gur at.i .t he i ary
refrigeréﬁﬁﬁgﬁ%g%ﬂggsggo%géggoggkﬁfégggthdoggaﬁglaVegﬁiéﬁﬁb Fﬁébon
interior difostitee bubt dhp@rbbakpbge amBURLS sHBshdddy | SePOSGEPIRL t 05

i ncrease energy efficiency of the air conditioner while securing

saf ety wiadiown daasing  hat nfaupoebfbdest omvipdopt keatettradaitodr enerof
the buildi even if the primary refrigerant harnful to human heal th
o used (S FUSE ndngy TSR ESREPE C0616P ALESr UF AGot bOTRETaF Rre
condi ti onegr. dhe si qﬂﬁg : i i ; i oary
refrigergﬁfﬂggjannnﬁ%g%gaﬁic hggiéﬁggigg§§§g§hﬁggﬁgﬁﬁﬂggugﬂﬁt9£ggﬁ
refriger aitr, aaad thize isecendar v fr ehel gewant nesdwdt Ebrodrbring, awigh
is safer in conparison with other kinds of refrigerants. In this
conf i gur &9roirawketiiag whiecWaite rhawhiigh ssehthandhedberkscpfcusines
out side of_ the buildiqg only. Thus, it _is _possible to use a natural
el ri ger STV TacHi eVe vt FoRFeRPRIPYLT AREN AR Sdnd Srial gy 67 F F4r Bkt
operati ogMlidr .Se¢uri 91615 Bb¥sabh1 e, isAlRhie05a 86+ L N, i hdi B9rbon
Havi ng "an excellent quality as a refrigerant” neans that the

refri ger atitoxiale ,a hitgheicoefd | ctelt bfe per fsafmncead n closrpas ¢ semd st ¢ h
ot her kinds of refrigerants. [0020] According to the air conditioner
of the s&FdAtSISPect of the present invention, because the prinary
refriger i.§ chl or ocarbon, .amoni a, . wat er,. carbon,di oxi de, or
v ocar BORZ dnd (RS CETIaaRyTars ronran 1 SE PG FopraL 1Rt s

possi bl e dfo anei dptdg=HeCr Basen ©f ognense £idd cit%@cym%ht h§tage-side
refrigerator due to the large tenperature difference between the

r ef ri ger aotipaned sthreceondct edringhean gelh sdiageasd deheooher eask the 1dwe
power needed for, drivin for circulating the water, which are

g a_pu ,
t he dravﬁ&éﬁ?‘&fld@sFﬁﬂpéﬁﬁﬁﬁirgg%n?%eﬁr‘?w 881 AREIERALAAL €POLRT

the secondaryecapl abkrrliels 130 POSEL € Lo, SEqhi i?aer%ﬂy s '9

car bon di oxi de, ichisrelatively sa e secon
refriger @bt ur@02thaceconimg diord heatdid coHdH angs 1fgh her &hahd Hde

aspect compressor and the low stage-side compressor is reduced. Thus,
it is possible to efficiently cool and dehumidify the
conditioning target air. It is also possible to wvariably
control the speed of the high stage-side compressor or the low
stage~side compressor to adjust a high stage-side evaporating
temperature and a low stage—-side evaporating temperature to

an optimum temperature to increase the energy efficiency of

the whole air conditioner.

BRIEF DESCRIPTION OF DRAWINGS

[0022] Fig. 1 1is &a block diagram illustrating a
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of the present invention, because the high stage-side conpressor
connected to the high stage-side cooler and the | ow stage-side
conpressor connected to the | ow stage-side cooler are turbo
refrigerators having a variabl e speed control feature, the
conpression ratio of both the high stage-side conpressor and the | ow
stage-side conpressor is reduced. Thus, it is possible to efficiently
cool and cetfurgudiFtiarhefcendptF opdmdl tapger a5 @ fiesitsernbsgipessi bfe
to variably control the speed of the high stage-side conpressor or
the | ow @ﬁﬁ%ﬁ?%dﬂﬁ¥%§§6¥”to adj ust a hi gh stage-side evaporating

tenperature and a 'i%wasweékS&ldg?ﬁyﬁpma&g@&&%{aa%r abHEegh9aRRon of
opti mum tenperature to 1 ncrease the energy efficiency of "the whol e

ai r condign aner . conditioner as a BEt&RdDESCRHPTEON OF DBRAW NGSsent
[0022]Fig. 1 is a block diagramillustrating a configuration of an
air condifivemérlgs a first enbodi ment of the present invention;

Fig. 2 is a block, diagr illustratin confi.guration_.of i

condi tioner at9a éfb%dgg§%%d¥ﬁ%%ﬁaQHfi#§§Eﬁ%ﬁéﬁﬁ 5 ﬁ&%ﬁ%ﬁ&%&tgoa Bfg.
3 is a bl.ock, di aghamiilibustr afd ng a G | gHESL1 R ©Of 08N @id present
conditioner as a third enbodi nent of the present invention; and

Fig. 4 i drarhltockn dizagtamillustrating a configuration of an air
condi tioner as a fourth enbodi ment of the present invention. |

DESCRI PTI ON GF9 EMBASI RERFSC k 0B23Y1HE dek 4 § At @it GdFRBAE IBF 2&h OFi PT
Condltlog%-éﬁrtggnditioner as a fourth embodiment of the present

invention.

DESCRIPTION OF EMBODIMENTS

[0023] The detailed embodiment of an air conditioner of the
present invention does not matter, as long as the air
conditioner includes an air supply duct for supplying
conditioning target air including at least indoor air and
optionally outdoor air of a building be air-conditioned into
the interior of the building, a high stage~side cooler provided
in the air supply duct for mainly eliminating sensible heat
of the conditioning target air, a low stage-side cooler
provided downstream of the high stage-side cooler in the air
supply duct for mainly eliminating latent heat of the
conditioning target air whose heat load has been partly
eliminated by the high stage-side cooler, and an indoor cooler
for mainly eliminating latent heat of the indoor air.

[0024] For example, first and second heat recovery units,
such as heat pipes, may be used to absorb the heat of the
conditioning target air and supply the absorbed heat to the

conditioning target air after the conditioning target air has
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present invention does not matter, as long as the air conditioner

i ncludes an air supply duct for supplying conditioning target air
including at | east indoor air and optionally outdoor air of a

buil ding be air-conditioned into the interior of the building, a high
stage-si de cool er provided in the air supply duct for mainly
elimnating sensible heat of the conditioning target air, a | ow

st age- si deeexoaadrunpiraivg icetl adonstesam odd the theha st ages;si dedaool eo
inthe air supply duct for mainly elimnating |atent heat of the
condi t i oritF G ERe fiF TS nfeaf Uhsagondst beehnpdrtge tepi Aistat bt by
t he hi gh st -.side .coal er., d an indoor cooler for mainly

el i m nat icfloglaqggirzan& hlesatav&lc{%g' i ndoor air. [0024] For exanple, first
and second hpgé recoMer YirH¥ds, nRUGH: as h?ﬁ%_n@h@%%n My bgnhusgd £
absorb the heat of the conditioning target air and supply the

absor bed dveati tiertilngy cdadigeiconang, t awlyeth ailrasaf berent heveondbfedni hg
target air has , been dehum dified and overcooled in the air supply
duct to IGPEPEISE INBIEBNYE HEMPE TSt WifeCE dth dneRrga  hriges aP¢lig

t hat col raft. is avoi : The .,"co " n on

| whi oh ERE Gt e b I Rk Phe v DS E TR

conpar i sen reddl yt he tiseprepatutBeot thembhREOPheri Fedl) #n&QRFdPGable.
operation, is supplied to the interior of the building and directly
hits peodlldZHer e The reake supeihyf dektunepifaie @bbéurp0025] oThintadkes

supply duct may have a plurality of intakes corresponding, to the
i ndoor aFPr§ﬁ§£PW§18@t&80FR§iFHQBOFhéﬂrtﬁEdiEB%o?u FPOBNY: ¥ heC oth@oor

can be syppl ii‘fl‘éio 00361 An Qi L oRGidd QN eci’a Pl ef isru%%) edourth

enbodi nents of the present invention wll now be déscribed with

ref erencgo@elfi gs.Ard dior onditFger lof sfardt ook fhagrannddasteatd ng
a configuration of an air conditioner as a first enbodi nent of the
present PhAvEREiRIEST g inyerd iprpredk wPadramescirdbedavibly zeference
configur%tign of gn ai@ conditioner as a second enbodi rent of the
present ifvédfPon’ F°g? 3 is a block diagramillustrating a

confi gurati gm pf 188 58k N LONdidiQNeln a3 18 khiakd gmRodb FBN L P 158 of

present invention. Fig. 4 is a block diagramill'ustrating a

confi gur ahi aniof candattosendiats cnefiasta dmuvdimearthodf mehte gfrddent

present invention. [First Enbodinent% .
invention. Fig. 2 1is a block diagram illustrating a
configuration of an air conditioner as a second embodiment of
the present invention. Fig. 3 is a block diagram illustrating
a configuration of an air conditioner as a third embodiment
of the present invention. Fig. 4 is a block diagram
illustrating a configuration of an air conditioner as a fourth

embodiment of the present invention.

[First Embodiment]
[(CC27] An air conditioner 100 as a first embodiment of the
present invention will now be described with reference to Fig.
1.

As shown in Fig. 1, the ailr conditioner 100 includes an

alr supply duct 110, a two-stage compression type refrigerator
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[ 0027] An air conditioner 100 as a first enbodi ment of the present
invention will now be described with reference to Fig. 1. As
shown in Fig. 1, the air conditioner 100 includes an air supply duct
110, a two-stage conpression type refrigerator 100A, an indoor air
cool er 140, and an indoor air intake fan 150. The two-stage
conpression type refrigerator 100A includes a high stage-side cooler
120, a | AW, age- shdeocoalier cd8Der ahd @y apuot & vedoondenseinE€kealangh
st age-si de conpressor HP, a high pressure liquid receiver HR an

i ntermedilat% |iquid receiver MR a | ow stage-side conpressor LP, and

a |l ow press lJ quid recei . _Th - - QHB{ inO
refrigerato?f§%6! s&%ﬁﬁﬁ%gbésggkgﬁggrgﬁ%¥$¥%ﬁf¥§%;ﬁn g §§?392?§¥§§es
cool er 120nitestayest age-sdstiee £aalsr al80w auld-heidaidel < 130Qokher
140 to cool conditioning target air CA. [0028] The evaporative
condenserevE@dras lavd argeevertr EGt i anhagkes iavads icle gompwsisisiar, HP, a
hi gh-capacity fan can effectively operate to effjciently achieye a

| ow condéRghPYenperat brdlifthe st g 8pedd o 1S q_t:‘%m pguid

cont rol | e ar, JRARYIN Gl £ANACNSL ROLEERELAI U Cand 2 1HACobLGBure

st age- si conpressor isatu ressor having a

conpr essilgryyiat | oreartiwid | cient vares char@edesgst | esmpdbesiot at tpge
speed, or capacity, of the high stage-side conpressor HP is .
control | eefhyigaratraeer L8PA suppihees nBerhelli lgeraniguicd Fecédihfer hRi s

a device for st%E{ carryi out. two-stage conpressipn Qﬂ)tmo-s e
expansi orf. “2ffe %Fﬁé’ﬁi?ét gg?i %ﬁ%%&é?gg?‘ﬁ/ggae‘f%@?%i g and tAe
refrigeranty{sd L3S ldgmid- staf & d addie i siaagiside gaolerr 120, and
t he indoor air cooler 140, both of which are flooded aiT cool ers,
recei ves [tduzgalet urTied avefpoirgeriard condehseh RG yaisch drdggascat elat xed,
separates only the gas fromthe returned refrigerant, and_delivers
the gas lracie tie thé ohi ghlevadéisi dbigbnpressstYHRaNTRE | Af ERFRdVaLE
liquid receiver MR a% 0 _wor as_.an_intercooler for .coo
i Schar QA LT Fonet hoCt oI 1% SGBLEY B doproegbReEa b bel dure.
The rotating speed of the fan can be controlled for managing
the condensing temperature.

The high stage-side compressor HP is a turbo compressor
having a low compression ratio and efficient vane
characteristics. The rotating speed, or capacity, of the high
stage-side compressor HP is controlled by an inverter.

The intermediate liquid receiver MR is a device for stably
carrying out two-stage compression and two-stage expansiocn.
The intermediate liquid receiver MR delivers the refrigerant
C in a liquid state to the high stage-side cooler 120 and the
indoor alr cooler 140, both of which are flooded air coclers,
receives the returned refrigerant in which liquid and gas are
mixed, separates only the gas from the returned refrigerant,
and delivers the gas back tco the high stage—-side compressor

HR. The intermediate liquid receiver MR also works as an

intercooler for cooling the discharged gas from the low
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The | ow stage-side conpressor LP is a turbo conpressor having a | ow
conpression ratio and efficient vane characteristics. The rotating
speed, or capacity, of the |ow stage-side conpressor LPis controlled
by an inverter. An effective internedi ate pressure can be
achieved by controlling the rotating speed of the high stage side
conpressor HP and the rotating speed of the | ow stage-side conpressor

LP. Hite geotditden g et safr tiie hi gh st age si de conpressor HP and
the rotating speed of the | ow stage-side conpressor LP can be
controlled i ptAdeRtpge-sideTReMPERSEPES S d 9 iFui W R R cePRF e $FOT

delivers.t refrigerant Cin a li.quid state to_the | r. st.age-side
cool er 1?@?&&% chti sﬁgwf I gggléjcfetsfﬁgmevaﬁ%tfja?or anr % d\?é'?elnrjl:g | 5t '&nt
heat, recejavestldia Jraldy nedneefdsi ger@tsgdeadibehcdhavi €y and gas g6
m xed, separates only the gas fromthe returned refrigerant, and

del i ver s stthgegas deacionporetsiser] W Stsagergirdd leahpnessorinverter. The
hi gh stage-side cooler 120 and the indoor air cooler 140 efficiently
process the AenSfbrethBat IRSedrerithe FOIRATIGHhI A"t REgeCHdigveda Rind

an oot Ao g, ocrel allyel i suprngeling LOTETBLLE. 410

The | ow stage-si tes water in con roning

target aicombhelydrower i@ tthe termpariadrsadd tde eandi dd o g £ 2 get
air CAuntil the absolute humdity of the conditioning target air CA
becones gomgrgetsovallidle t o condense the water. [0029] The air

condi ti oner %?0 includes the air_s Q{'%%Ct 110 for su I%gng t he
condi ti oni ng tard@ta a9 &5 |%i¢1§£ 19 e339% L IN dSHP LR $SA Hhd
optional | . Al o) hLdi 1 0. [ it

Thto the T on e L Sp R R B P e B S 88 s 3S LONE,
provi dedbien cbhe railn esluppldy peuelnt@@ .f or mainly elimnating sensible

heat of the conditioning target air CA the |ower stage-side cooler
130 provi dedHownlsaw eamiesfsulife hiighiist ageees deercodifer d0ivars hetleg r

supply duct._110 for inlLy, elimnating, |latent heat of the,

Condi {1 oACAE "PRFEBE Gvm EAL SHENE Tkt FBad RAS BaeR - part FyI8I SRR ed
by the hihgh siagenside ¢08b8EG12Me ANGdd¥R1d1eRL ALELFOPL £ 114G for
mai nly elimnating sensible heat”of the indoor air A Thus; It Is
possi bl ehtatpr ceesdvas nhehrbeatrnkdadeisipessnbl enbyhidie highid and
stage-side cooler 120 to reduce the heat | oad borne on the | ow

st age- si d8ScHerni89% andePGrarsisd PoWwer Fhg 137 t Erper &her e oTuRRd
unnecessari.l.y | ar anpyn f the conditioning,.target.air CAto a
Unr easoneBTy PSRt Epanat 7o T10 1 Sy Fash BPel e s0bi Attty
t he evaperapi-Bgsbenperature of the refrigerant C to an unreasonably
| ow tenperature to save energy, ensure safety, and protect the

envi ronnent .The high stage-side cooler 120 and the indoor air cooler
140 efficiently process the sensible heat load of the
conditioning target air CA and an indoor air IA at a relatively
high evaporating temperature.

The low stage-side cocoler 130 eliminates water in the
conditioning target air CA by lowering the temperature of the
conditioning target air CA until the absolute humidity of the
conditioning target air CA becomes a target value to condense
the water.

[00297] The air conditioner 100 includes the air supply duct

110 for supplying the conditioning target air CA including at
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Furthernore, it is possible to mnimze energy consunption by
mnimzing the flowrate of the conditioning target air CAto
mnimzing the cooling | oad of the conditioning target air CA and
perform ng necessary sensible heat | oad processing with the efficient
i ndoor air cool er 140, such as an evaporator connected to the high
stage-side of the two-stage conpression type refrigerator 100A.

[ 0030] Speaaiddtcalney indrerr tthe dfmasphepitdotefper anuretoso35€iandAt hé
wet bulb temperature is 27C in mdsunmrer, for exanple, nost of

sensi bl e héailgida & st PReat reapngd tproeesdedopy et Pt fgirhect the

evapor ating -t erature.an.the_high.stage-si t :
evapor at itﬁ%]tog%{ebat e holr%lht ﬁeaﬁgwséﬁégcgg%;f%g%tzg %88%9%}%3 {}grté]éetalr
i ndoor t enpgiat Wikt A 0d8Corandihhe eandensicnaqt eaperatur ache 32Cchen
this case, because the conpression ratio on both the high and | ow

st age- si desdift itdvel rtgws-estoege adom@Pes shenloype sehpegerdeoro206A 180
approximately 1.4, the air conditioner 100 can jncrease a _coeffi cﬁlgnt

of perf oRRATIEISH dOHE RG2St 8fethFpRl PlofF i3t atbi® B %% 1122 of t
hi gher wher, 3,bROAREL 1 ARIALOMAiR1YSEdi AfnbBen ] Ol SIORA! €8 the

conpressor ow stage-si de“conpressor

condi ti on@yndhidQ Am Al s ddcreasect hensoelffest ensa@f nperbeenapsetof
the two-stage-type refrigerator 100A to 10 or higher by optim zing
t he envi radnmemadiect brydicheohsghns depens til¢ i cenion 1aid el seet ingoor

conditions, of the air conditioner 100, [0031]1n an |deal, K vapor
conpr essiforF SR FefriGerdt gratn ?Jejrr&{ﬁ‘%ﬁl %t%\%%ﬁl}éf%og?ﬂ?c?gn{:h?)f

perform%%oggg)r aﬁaﬁevmgéti@gi% R %ﬁf hcedd 28 peRAENSLRY

tenperature ( C e expresse CTE). Ssmlarly, in
a real -wardali rzef pbgenatier by Cobe betgies: fgherdeas ot dred@mes ohirgbete

and the TC becones | ower.

the heat load borne on the low stage-side cooler 130 and to
avoid lowering the temperature of an unnecessarily large
amount of the conditioning target air CA to an unreascnably
low temperature. It is also possible to avoid lowering the
evaporating temperature of the refrigerant C tTo an
unreascnably low temperature to save energy, ensure safety,
and protect the environment.

Furthermore, it is possible tominimize energy consumption
by minimizing the flow rate of the conditioning target air CA
to minimizing the cooling load of the conditioning target air
CA and performing necessary sensible heat load processing with
the efficient indoor air cooler 140, such as an evaporator
connected to the high stage-side of the two-stage compression
type refrigerator 100A.

[0030] Specifically, when the atmospheric temperature is
35°C and the wet bulb temperature is 27°C in midsummer, for

example, most of sensible heat and latent heat can be processed

by setting the evaporating temperature on the high stage-side
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In case of the air conditioner 100, the cooling |oad includes |atent
heat | oad and sensi bl e heat |oad. The sensible heat | oad can be
processed when the evaporating tenperature is | ower than a target

i ndoor tenperature. In order to process the |atent heat |oad,
however, the evaporating tenperature nust be |lower than a saturation
tenperature corresponding to a target absolute humdity. This neans
t hat the tev@pdcat thg dweaperat e Hempepadoessbngthidd dvaseéayeheatel vad
is nmuch | ower than the evaporating tenperature for processing the
sensi bl e 1fedtr Fbadarget ipdeatdempaisiine hea® dnd2Raltém crraeN 2t I
comonl y .proc Wit h evaporat or, _the evaporating tenperature
For ol S AT s TRobR! Srrn s 0L BEERREE" LY CEMRALFres

to operat@dlo 3k Byr@aseRABlLYNH awdt eBResabYELsRREsCORSHAR EX¥6§LS8age
energy. According to the above described air conditioner 100,

t hese pr alirgne scdrorbé ypddre§séderatachl @k ief hippirenti maitelgohdét | Ome ng
operation., [0032]The air_conditioner 100 al so includes an indoor air
i nt ake f&ir150NPE6¢PAEE B0 &7 AnereEse drcaatd igierduphl e rtRrImanee

for faking the Lndogt.abrc|Acl Nt e oL, stnpl ¥ Syt oL1PiqThe i

condi ti oner adj ust "t he  anoun ndoor air 1A suppliéd into

the air suppk¥oductrilddr o £aBt i Hd iaRgthBe i dHledk gai-k kBt ko f @ds dH0
so that the cooling | oad borne on the | ow stage-side cooler 130 is
m ni m zedPd@act ¢hehd avatsit@asf- digteemonpgmtssagad-Fof the indoor air 1A

and the outdgor air OA...,.. Als the air conditioner 100 cap, carr
out intende KU &Pflfiéétlloﬁ}ﬁrvﬁ?ﬂo‘iﬁm 1TVt ARG TERE St E%e?%‘fﬁ&ecjo?n%/he

condi ti onj Lr N 3 ( I I ) 3]
When the I'aPant PREaFCFo3g Bineray o e tHAN hear S or e Bh: Fhirny
IS so nuel thathdehwy dopyimpz Omdy thiee ot ooimen tLACanndti ckeap the
intended humdity, then the evaporating tenperature of the low

st age- si dehgBéldéf itadipgedantdo e gpeatinadeerodsedonThys, the ai¥r
condi ti oner 1%0 uses b e indoor air intake fan 150 to take the indoor
air 1A i iGYHhERSF d05ply duct 110 as at |east a part of the

condi ti onigpg1far gefn airi §éu i Qra@r%%ﬁré@@i@ﬁfﬂ%déBEf?@@é%EEB@, ofnd he
t wo- st age conpression type refrigerator 100A. [0034]1f increasing
ener gy efrkileitépay bstiwden sal ecqgaf postent t bEn wdit Hoofduos odE8OBOR raay
be used as the refrigerant C of the air conditioner 100.
evaporating Temperature (TE), and a condensing temperature
(TC) can be expressed as COP = TE/(TC-TE). Similarly, 1in a
real-world refrigerator, COP becomes higher as TE becomes
higher and the TC becomes lower.

In case of the air conditioner 100, the cooling load
includes latent heat load and sensible heat load. The sensible
heat load can be processed when the evaporating temperature
is lower than a target indoor temperature. In order to process
the latent heat load, however, the evaporating temperature
must be lower than a saturation temperature corresponding to
a target absolute humidity. This means that the evaporating
temperature for processing the latent heat load is much lower

than the evaporating temperature for processing the sensible

heat load.
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The air conditioner 100 is al so capable of using the indoor air
cool er 140, such as an evaporator connected to the high stage-side of
the two-stage conpression type refrigerator, to elimnate the
remai ni ng sensi ble heat | oad that has not been processed by the high
st age-side cool er 120 and the | ow stage-side cooler 130 to further
increase the energy efficiency of the whole air conditioner. [Second
enbodi ment] Pe035FAn s Hokeli themter apgo hatansedvirl edicdi AERMOBLY
the present invention will now be described with reference to Fig. 2.
In the fATYMHY EégPiOp‘i? 6K 3BP EhE T s ddtndVEBOf 8lr PR Srbsti Hett S T °Fhe
sane nunhersg,idh dey 200%.e3005c28Nnd; 400554 espeshiyel youiid | Jbe ysed
for the simlar conponents to the first enbodinent to avoid detailed
descri pt icndii036]As ostpenata £ gn 2nréheonabl goholi thcomperra2@fe and

i ncludes an air supply duct 210 provided at the interior of the
bui | di ng BEH] rEtCHeaterecdery unit 260, and a second heat
recovery unij 270.. The first heat recqvery unit, 260 a
noat o be. i ACBT DI BBF M PR PEART HOEE g PP OH 5 10R%S1 e ChFE®
supply dugts2lhs the-portiwn 21944beingyupstseamyehiavBi ghegtkagezgide
cool er 220. The second heat recovery unit 270, such as a heat pipe,
IS provi ded-atorati tiinireime wparat byn duct portion 210B, which is the
portion of the air_duct, 210 between the high stage-side cooler 220
and a | ow &t34ge- si Hee bt &oEHE1ofRE HQQta%?°th%ﬁ%%ﬁ%$ﬁﬁbﬁpﬁﬁoﬁaﬁéét

air CA TS ahsarbed byothe [16sh o MeAL KROOVELY (UnLL- 260, Al gy

. Il
st age- si dle cool er econ recovery uni

st age- si dleldl(f@h:efa%?@%!ﬁh@ iSRWANhE 2| TABMIQS theabhersdhen, beigtgiio.
absorbed by only the high stage-side cooler 220 and the | ow

st age- si dhecadlrerco2dl.t iBasausd lofadghiss ¢cberf Bgoratt of, thReindpor air
condi tioner 200 .i,s capabl e of reducin tge he%igagsorption oad bor ne
c

f
on the | oW SRRSOl 236 ByPELYng Che MdCHB?aFO#i&aeeWe
uni t 270 uhides idnGr Qa3ing e, 3l acot phbe cheat absarntban headobgnn

e
on the hi St age-si de cool er to achieve efficient operation, and
to save tdie tlehalstRewersiele adulgtr IBA0EesShde iadrpHesiser tbPtaadratiew
st age-si de conpressor LP needed for driving the high stage-side
cool er 22 amdetfiehealw dpageosi dee covlieer 280r IA and the outdoor air

OA.

Also, the air conditicner 100 can carry cut intended
dehumidificaticn without lowering the temperature of the
conditioning target air CA to an unreascnably low temperature.
[0033] When the latent heat load generated at the interior
of the building is so much that dehumidifying only the outdoor
air OA cannot keep the intended humidity, then the evaporating
temperature cof the low stage-side cocler 130 needs to be greatly
decreased. Thus, the air conditicner 100 uses the indoor air
intake fan 150 to take the indoor air IA into the air supply
duct 110 as at least a part of the conditioning target air CA
to maintain the efficient operation of the two-stage
compression type refrigerator 100A.

[0034] If increasing energy efficiency is the sole purpose,
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[ 0037] Specifically, suppose that the tenperature of the conditioning
target air CA cooled by the | ow stage-side cooler 230 for

dehum dification is 14C and the target tenperature of the indoor air
|Ais 28C |If the air conditioner 200 operates to naintain the target
tenperature at 28C by m xing the indoor air |IA whose tenperature
shoul d be 30C after nost of the sensible heat of the indoor air IA
caused bytlam igideoro fllaad dwas-dee magt ibd nateeld aky thee reiddgerane coofer
240, which is an evaporator connected to the high stage-side of the

t wo- st age- orfprie sSieh ek 34 gerat or, and the conditioning target

air CA at 14 then an ..rrevers e change occurs and entropy,
i ncreases tdfg%é?é.gﬁggéy}oner éss%g%gfﬁgﬁﬁ¥V%° '§§+Qpﬁﬁgilndoor

condi tionding donget 1aly, GAH al4encaghpdrh¥othecgxapeLat o5 PARYI RYRN
evaporating tenperature at 10C and the indoor air A at 30Cto

mai nt ai n sty d-redaEr odi the Awat-s28QGer esupt sskhonastpagefoigeesaeogy tdan
usi ng the evaporator having an evaporating tenperature at 20C to

mai nt ai n BHELRdSoE g Femalainggeensible | feahel oaattéd tehapgpof sbeen

recover eqh by dhie f15t igat, feeONeLY_ DL 10260, and. they seggnd heat

recovery unit i ncreas nperature of the ai Swi
suppl i ed g dehes iidat eldo1 of the bubl denatheem 146r£8s81G né0renergy
exanpl e, the wasted energy can be reduced for approxi mately 50

per cent . efiG@3&Tye ofi rtheondidlicorser 200 ddlts@neses the first heat
recovery unit 260 to warns up the conditioning target air CA which
has been overcooled wth respect to the target tenperature of the

i ndoor  ai s JA o @lidRatiing | atent heat so as to prevent cold
S .d?@% NS .
draft, a[pﬁéngheﬁghq n q}éh the conditioning target air CA at a | ow

t enper at yn@3iljows A emradoati tsoppky? @peri A0s&d@nd ‘i ddigdntt 8rFi ke of
the building to make people there feel unconfortable. [Third
enbodi neMrEsEOG39N ARn Al pn coindi Rioee BB rdved vhlhd «ftmimantoofig he

2.

In the following description of the second to fourth

embodiments, the same numbers in the 200s, 300s, and 400s,
respectively, will be used for the similar components to the
first embodiment to avoid detailed description.
[0036] As shown in Fig. 2, the air conditioner 200 includes
an air supply duct 210 provided at the interior of the building
B, a first heat recovery unit 260, and a second heat recovery
unit 270,

The first heat recovery unit 260, such as a heat pipe, is
provided at an upstream duct portion 210A of the air supply
duct 210, the portion 210A being upstream of a high stage-side
cooler 220. The second heat recovery unit 270, such as a heat
pipe, is provided at an inter-evaporator duct portion 210B,
which is the portion of the air duct 210 between the high
stage—-side cooler 220 and a low stage-side cooler 230. The

heat of the conditioning target air CA is absorbed by the first
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present invention will now be described with reference to Fig. 3.

As shown in Fig. 3, the air conditioner 300 includes high and | ow
stage-side chillers 380A and 380B, each of which is an exanple of a
first inter-refrigerant heat exchanger, a high stage-side cool er 320,
a | ow stage-side cooler 330, the evaporative condenser EC, the high
st age-si de conpressor HP, the high pressure liquid receiver HR the
i nt er neditettas [deqpiivb mecwiiter2 UR, thise higlh stage-siide conpeasgdp.LpPhe
the | ow pressure |iquid receiver Lg{mcol d ter tanks WI'l an

d W2 ,
and col d SRR PERTs TRPP VAR Wpat r BRG] dGY SSRFFESS n%’?i@r

refriger : 30 %g%m nd f.niger.an J

st age- si eﬁ{:égl ge)'r% e&ﬁa} ?ﬁgﬁ%gﬁv %%%%?Q{H@gl %%ghgg%%%ﬂ%%&gg)ogﬁ%ﬁe

condi t i ORIH Hinget agier s€Ae 0048} ThE0 addid anndilidworerg308 idecktudesr

the high stage-side chiller 380A and the |ow stage-side chiller 3803

for exchaifl -ngBheauskeplieehlia prikeoyrateion gdimtai@ cangitpener 200

secondary, refri t he secondar erant. C2 circul ati gg in
3) fo

: t. C2, fri
a secondary 3{?2%%?68?%8%??8 ‘f)%%ﬁr/%f)“ and HAhELH5prie
the high 1%&%53?&%1%0'%1%@@3%%5) AQW:${,298=Side 6Aohek + 338 0a8dyan

i ndoor air c r 340 for absorbing’sensiblle heat and | atent heat Of
t he condidriankng Wi get nairkaGAngnith s ensiilbl €f heat heht tdresd metdiem abad
|A the primary refrigerant C circulating in a primary refrigerant

circul at iktﬂfr]@atofﬁ\/\éiﬁePglgbr staot T Rgde HeoskRbriddt o eFhiigaraff &2 lepke

secondary refri.,gerant t hway P2.an h rimary refrigerapt pathway
P1 bei ng B Ay %OatS S g&%ﬁ&og’ﬁgﬁr égcguééggf SFﬁ?% S48
confi gur atdyhe 48 BB NBIY o 8l genaRt sChedeempratk sheak pf hapykheror
primary refrigerant circulation pathway P1 into the interior of the
bui | di ng &1 vBhies thiet hi ghpoissydt £ d® dordreeage Ceaed ghheefliowcseagg-oefidehe
air conditioner 300 while securing safety w thout causing harnful
effects &P 1%30at the interior of the building even if the primary

Pedp
fri nf _ : :
i 11 ci ncy 04 041) PR RECRTTVE ongVeyErer Tab0EEne B rary v he

refriger anddt iich idHgRArge tWii £lt2Ahag o 8BdEXE ehlkenbw Gitaldd-36 i@k dooler
refrigerant, and the secondary refrigerant C2 is water or brine,

whi ch i s ZHf dron mledowpari o iarh 1ot Rér Ckiands tbe kefpegetampsratnre
this configuration, amonia, Wwhi c% i,s. harnful to hunman health

ci rcul at &H%i H‘éd%‘?rtﬁérbarﬁl di®n 80!9'y. Lnddie i3y ;C‘ﬁ%‘gﬁFb‘P%éfozgge
a_natur a'ogeeﬁareegaefc%nffm;ﬁgggnl 8YE argdonmpptablyybr hend o %nggmtﬁggﬁgy

ef ficient “operation securing safety at the interior
bui | di ng.the inbsbRgANHOIN  aasbBeptémps y4ehfé garamndcChei 30 da\waicagrous
in terns of efficiency, cost, and physical properties in conparison
wi th usi mf whtceseasibhe bedbwey thef Angecaneicg IA caused by an indoor
load has been eliminated by the indoor air cooler 240, which
is an evaporator connected to the high stage-side of the
two-stage compression type refrigerator, and the conditioning
target air CA at 14°C, then an irreversible change occurs and
entropy increases to waste energy.
More specifically, mixing the conditioning target air CA
at 14°C cooled by the evaporator having an evaporating
temperature at 10°C and the indoor air IA at 30°C to maintain

the indoor air IA at 28°C results in wasting more energy than

using the evaporator having an evaporating temperature at 20°C
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In the air conditioner 300, the primary refrigerant C my be

chl orof | uorocar bon, ammoni a, water, carbon dioxide, or hydrocarbon,
and the secondary refrigerant 02 may be carbon di oxi de. By using
these primary refrigerant C and secondary refrigerant 02, it is
possible to carry out |atent heat transportation by utilizing carbon
di oxide to avoid the decrease of energy efficiency of the

refri ger atomedure din tthes |iardpe 1t enjperit urte 26 ¥d.er ence bet ween t he
refrigerant and the conditioning target air and the increase of power
needed for dff FH%g”as pefns s Y § QRCAVISTG S g bl B rsiiiceit Beeovhey
dr awbacks_ of Ln ni,a_as .the primary cool ant and water as th
secondar y* nc%o?%ht%@%% °F§ ogfjs%e%gsrseicbq%eliyougégu%ﬁ) <&t épffrﬁy?sﬁs%ﬁ%
carbon dif¢iea ML sheehati vehy Saf £ bAS A 138C0RIRMY interior
refrigerant 02. [0042]When the primary refrigerant C is

chl or of | wdT ddar o, L cimprizgm vied 62 , tcal bl df oxi eleampl e hyidno caa dioad
and the secondary refrigerant 02 is carbon dioxide, it is possible to

avoi d t h&NSHdge CHY 8 SREBIIRET viden anig iddredt iy RaHs&dt-ure and

the te”pe[ro%.tﬁéﬁe of rhegenaitiquing target aid, i ”sessega{eb!ﬁirhse@the t
transportation and the increase of power néeded T or riving a pu

for circulcidvat heivwaben, tbveenPald 0’k WohlithercagetbPgwhi ghrtide
primary refrigerant C is anmonia and the secondary refrigerant 02 is
wat er . | twhiishal sesposséhbl eoverpreleant wid priesgertr etpi gehanttdiget
whose ampunt is rel atively lar%er t han that of the secondar

LE . y

refri ger &FPEF 2 WS PEERE g AP D A He ihi6ri 6L1BENER&NEUT FEPAG REAT
avoi d oxygen_ defi.ci i bujl.ding. . Furt C h

can be ré%%t?%e%? éﬁ#lé?ggthﬁnghgﬁagd %e#&ggﬁﬁgﬁgﬁ%oﬁﬁi?#%ﬁ?%géﬁe
target aidonGAtdnthinketaatbonadi @A de Nl EPRaih St wd B1esisngrv@t 4
as the secondary refrigerant 02, it is possible to avoid energy |oss
due to tkkérheaprréychargendo2ilAcinasetbpetgeeibrcpentle dfuihdingole
air conditioner. ensi bl e _.heat transportation means transporting
heat by Hﬁﬁei?Fﬁ&lgxEﬁgﬁﬁé%%@lhgqumﬁ;ﬁiﬁa%ﬁ'tenperature change.
Latent heat transportation neans transporting heat by utilizing

exchange of heat involving phase transition. [Fourth Enbodi nent]
[ 0043] An [@ihi relordibbidament400 as a fourth enbodi ment of the

e

[0C39] An air conditioner 300 as a third embedment of the
present invention will now be described with reference to Fig.
3.

As shown in Fig. 3, the air conditioner 300 includes high
and low stage-side chillers 380A and 3280B, each of which is
an example of a first inter-refrigerant heat exchanger, a high
stage-side cooler 320, a low stage-side cooler 330, the
evaporative condenser EC, the high stage-side compressor HP,
the high pressure liquid receiver HR, the intermediate liquid
receiver MR, the low stage-side compressor LP, the low pressure
liguid receiver LR, cold water tanks WT1 and WT2, and cold water
pumps WP1 and WP2.

A two-stage compression type refrigerator 300A supplies

a secondary refrigerant C2 to the high stage-side cooler 320
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present invention will now be described with reference to Fig. 4.

As shown in Fig. 4, the air conditioner 400 includes an air supply

duct 410, a two-stage conpression type refrigerator 400A, a first

heat recovery unit 460, a second heat recovery unit 470, and an

i ndoor air intake fan 450. [0044] The two-stage conpression type

refrigerator 400A includes high and | ow stage-si de cascade condenser

490A and 2490B hecdaiv oftage-chides cople@nid @ of @odlrsite conditioning

inter-refrigerant heat exchanger, a high stage-side cool er 420, which

is an evapdid@tortidoffected to the high stage-side of the two-stage

conpr essi pe refriger . - Si I 0,

whi ch is[§@4e aporg?%Fggbﬁégé gggﬁ%r?ﬂgpﬁ%%ﬁQEESQ?gggg%gfg%%ég side

t wo- st ageHGANRIESSD AN HY P8e Nefid 8853t 81 d4QPA 1 Ihe3eVBFRratbk¥Banging

condenser EC, the high stage-side conpressor HP, the high pressure

l i quid réceitvedpetiReethe it iramyi aedrliiggurdt GlecehdertivR sehentlawy

st age-si de caonpressor_ LP, the |ow pressure |liquid rgcgiver LR, a high
n

stage car§d¥idiedalde %-qiihg Fecender YHERE THARERTEsCanCekanpre e A0
second inter- i ger - o ! cabb i 0Xk
Tauid racatver ey ARG TRrRlE aat st b T AR (32 A B e
t Wo- st age  gHARB8b0thd YRG! f & gges aiorcAHI¥A sapplites lohes segondady
refrigerant C2 to the high stage-side cooler 420 and the low

st age- si d@odeal 8B043Md anciguloaheicoreh 1¢ oAt ¢ BEdeC rAinICGAeN§ DDLS)
The Iiquid carbon dioxide cool e nd |iquefied, by the high, stage-side
cascade @&?&eﬁé@flﬁ@@%ﬁlﬁg Yhe 1 gi° qtijjaibjgoréjd? 0 ala‘??&i?ijerl' ufd
recei ver R4 iy Lhen debl \iga%ert 9;theahi gheShagha 8| dBe £POLEFaAR0
and the indoor air cooler 440 by nmeans of a liquid head difference or
a liquidqueprculatig phi aepyimetyi gefanyeChntsuthcasaammnpathwvay
delivered to the high stage-side cascade condenser 490A and the | ow
st age- si dd dapsc @i ot diversamuBiany | Fefilei yesatoridhr yLhef P geRrant ¥

C2-1 and -2, such as, carbon, di oxi de, passing. thr.ough Qrtion

Che i gn *Sageeiis Basbiad Foniensds abBRe hRF o BEEhLAg. A
cascade ¢Qu %%&s&%%@l%o%ﬁﬁ&ggeaof%% taeRutdde ekchi®eabl this
condi tioner 400. Thé liquefied secondary refrigerant C2-2, such

as car borodifoxjudet iam,t hee pdonerygi defrsgehent dgl idee=edotolethé Foem

stage-side cooler 430 by neans of a liquid head difference or a
liquid plifs BFiRPAYL 68 TRIGANENtat ehFCReaE 108 &AM ef L add tgbelhe

back to the low stage:side, 4908, __.[QQ46LT
cecondar J AP P goranEr0B T L Ts. GhF Bont Bi oo™ e o Ver5a e

t he hi gh 5{-8Q8, Sirda GeRler A2@nheehiif BBhaStacpakt 300 #helbeatchoadgof
the conditioning target air CA at a relatively high evaporating
t enper at we,etandw joesuback usd mohehdimghu bt adé ecdsbom dbeside latqutde

recei ver HGR. , _ ,
interior of the building even if the primary refrigerant

harmful to human health is used in favor of energy efficiency.
[0041] In the air conditioner 300, the primary refrigerant
Cl is ammonia, which has an excellent quality as a refrigerant,
and the secondary refrigerant C2 is water or brine, which is
safer in comparison with other kinds of refrigerants. In this
configuration, ammonia, which is harmful to human health,
circulates outside of the building only. Thus, it is possible
to use a natural refrigerant to achieve

environmentally-friendly and energy efficient operation while
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The heat exchange and heat transportation carried out with the carbon
di oxi de invol ve | atent heat change and are thus nuch nore efficient
than using water to utilize sensible heat. [0047] The hi gh stage-side
cascade condenser 490A and the | ow stage-side cascade condenser 490B
such as these are used in a situation where | eakage of gas at the
interior of the building could cause a serious accident such as

i nt oxi catdexmimoxyaest deft citencyntidridwe @Rsthe nasi Ididde | arge
amount of theprimaryrefrigerant0Ol, or ammonia, stored in the main
body of the PHbLSEIFETdEPP 435 BALReFY i rgdramse 400AC ] Tifeadivghtageous
stage-side c e_con ser__490A and. t he_|.ow.st age-si de cascade .
condenserln49€%§rﬁny0%ote & TS T act 3P, PPYP ERAm P et e ath
| ar ge spatsndse i hable aithy eidd atd On s JeldddyveldrSasyrant c1.
[ 0048] The high stage-side cascade condenser 490A and the 1ow

st age- si de chsdddeadcondender id96B Hrke phevpdeda outrsi fiel qfrdrite C1 may
buil ding B. The refrigerants 02-1 and 02-2 used in the high

st age- si B¢ COBIXFOLDP ERRP R oW EPRGR- sAE SEoolCErpyp dioxide, or
respecti e_refriger - .i.n_the jndoor air_cooler
190 are GUFESARPAna o R ey, YRR AP er PP ane Y 0B o EERe &
t he i ndo@riadildecool er 440 is safer than the refrigerants 02-1 and
02-2 used in the high stage-side cooler 420 and the | ow stage-side
cool er 430, BespedniovetyesFhehimgrst agérdégebentdi@ki dedl | gecadndary
receiver H%?,, whi ch ex hanges, heat between the refrigerants 02-1 and
02- 2 used S 4 Aitgh-st adé- SitHePRodrBIC 430 HRETheCRbwidttage- shert

cool er 4%%4533%%%@%%' _yb)éarac& itihe &rn%f r&gﬁg&gh iqug)i-x% S eé%ie%vtoq% | ndloor

air cooler 440, is provided outside “of ng B. cause o

thi s confdegitteatsiconf &herairetondiéhoneast 40 peeveReyaithe BuEMBSYthe
refrigerant G fromleaking into the interior of the building in
| ar ge anB@Ags. L¥REsrafurpsdpbiereneethetvreedde endrdgeshhitcardcyhe

whi | e securing.saf.ety. w t hout . causi harnful effects on peopl t
the | nt eFCBE o oPHE B PFIFRge b et ® - 1hd TTioResy OfePPIEEr ARt s for
har nf ul ; e i S i e ef fielen

(00407 | nCRAR IR LORURD, (oIS E i A BHRY She Sl CLrhER R Bt the
ammoni a ardwbheksecHndaimy sefionder antt 2 prayabe aed BinoOCIbEhOGIaBSE

with the air conditioner 300. O, the frirrary refrigerant C may be
chl or of | @6r §&&r BEFONERFYNLRCLAALEeF2 - cat BohS di bXP deo s b ks d o oz Bore

and e, SeRR0a0y S1LSEL A, RAPBe caian.d oxide g, pchu eve e

[ 0050] 10@he2@@cod@@r 404 geeadit iconer
[0042] When the primary refrigerant Cl is
chlorofluorocarbon, ammonia, water, carbon dioxide, or
hydrocarbon and the secondary refrigerant C2 is carbon dioxide,
it is possible to avoid the large difference between the
evaporating temperature and the temperature of the
conditioning target air in sensible heat transportation and
the increase of power needed for driving a pump for circulating
the water, in comparison with the case in which the primary
refrigerant Cl is ammonia and the secondary refrigerant C2 is
water. It is also possible to prevent the primary refrigerant

Cl, whose amount is relatively larger than that of the secondary
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110, 210, 310, 410Air supply duct 210A, 310A, 410AUpstream duct
portion 210B, 310B, 410BI nter-evaporator duct portion 2100, 3100,
4100Downstream duct portion 111, 211, 311, 411l ntake 100A, 200A,
300A, 400ATwo- stage conpression type refrigerator 120, 220, 320,
420Hi gh stage-side cooler 130, 230, 330, 430Low stage-side cool er
140, 240, 340, 440l ndoor air cool er

refrigerant C2, from leaking into the interior of the building

to avoid oxygen deficiency in the building. Furthermore,
because heat can be relatively efficiently exchanged between
the conditioning target air CA and the carbon dioxide in
comparison with using water as the secondary refrigerant C2,
it is possible to avoid energy loss due to the heat exchange
to increase energy efficiency of the whole air conditioner.
Sensible heat transportation means transporting heat by
utilizing exchange of heat involving temperature change.
Latent heat transportation means transporting heat by

utilizing exchange of heat involving phase transition.

[Fourth Embodiment]

[0043] An air conditioner 400 as a fourth embodiment of the
present invention will now be described with reference to Fig.
4,

As shown in Fig. 4, the air conditicner 400 includes an
air supply duct 410, a two-stage compression type refrigerator
4007, a first heat recovery unit 460, a second heat recovery
unit 470, and an indoor air intake fan 450.

[0044] The two-stage compression type refrigerator 400A
includes high and low stage-side cascade condenser 490A and
490B, each of which is an example of a first inter-refrigerant
heat exchanger, a high stage-side cooler 420, which is an
evaporator connected to the high stage-side of the two-stage
compression type refrigerator 400A, a low stage-side cooler
430, which is an evaporator connected to the low stage-side
of the two-stage compression type refrigerator 400A, the
evaporative condenser EC, the high stage-side compressor HP,

the high pressure liquid receiver HR, the intermediate liquid
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212, 312, 412Air supply opening 260, 360, 460First heat recovery unit
270, 370, 470Second heat recovery unit 150, 250, 350, 450Qutdoor air
I nt ake fan 380AH gh stage-side chiller 3803Low stage-side chiller
490AH gh st age-si de cascade condenser 4903Low st age-si de cascade
condenser ECEvaporative condenser

receiver MR, the low stage-side compressor LP, the low pressure
liquid receiver LR, a high stage carbon dioxide liquid receiver
HGR, which is an example of a second inter-refrigerant heat
exchanger, a low stage carbon dioxide ligquid receiver HGR, and
refrigerant pumps CP1-1, CPl1-2, and CP2. The two-stage
compression type refrigerator 400A supplies the secondary
refrigerant C2 to the high stage-side cooler 420 and the low
stage-side cooler 430 to cool the conditioning target air CA.
[0045] The liquid carbon dioxide cooled and liguefied by
the high stage-side cascade condenser 490A enters the high
stage carbon dioxide liguid receiver HGR and is then delivered
to the high stage-side cooler 420 and the indoor air coocler
440 by means of a liquid head difference or a ligquid pump.

The primary refrigerant Cl, such as ammonia, is delivered
to the high stage-side cascade condenser 490A and the low
stage-side cascade condenser 490B to liquefy secondary
refrigerants C2-1 and C2-2, such as carbon dioxide, passing
through a portion of the high stage-side cascade condenser 490A
and the low stage-side cascade condenser 490B connected to the
indoor side of the air conditioner 400.

The liquefied secondary refrigerant C2-2, such as carbon
dioxide, on the indoor side is then delivered to the low
stage-side cooler 430 by means of a liquid head difference or
a liquid pump, eliminates mainly latent heat to evaporate, and
goes back to the low stage-side cascade condenser 490B.
[0046] The secondary refrigerant C2-1, such as carbon
dioxide, is delivered to the high stage-side cooler 420,
eliminates a part of the heat load of the conditioning target
air CA at a relatively high evaporating temperature, and goes

back to the high stage carbon dioxide liguid receiver HGR.

23



HPHi gh st age-side conpressor HRHi gh pressure liquid receiver

MRI nternmedi ate [iquid receiver LPLow stage-side conpressor LRLow
pressure liquid receiver CAConditioning target air QAQutdoor air
| Al ndoor air Refrigerant CPrimary refrigerant

The heat exchange and heat transportation carried out with
the carbon dioxide involve latent heat change and are thus much
more efficient than using water to utilize sensible heat.
[0047] The high stage-side cascade condenser 490A and the
low stage-side cascade condenser 490B such as these are used
in a situation where leakage of gas at the interior of the
puilding could cause a serious accident such as intoxication
or oxygen deficiency if the gas binds to the large amount of
the primary refrigerant Cl, or ammonia, stored in the main body
of the two-stage compression refrigerant 400A. The high
stage-side cascade condenser 4902 and the low stage-side
cascade condenser 490B may not be used in a factory, for example,
where a large space is available and ventilation is relatively
easy.

[0048] The high stage-side cascade condenser 4%0A and the
low stage-side cascade condenser 490B are provided ocutside of
the building B. The refrigerants C2-1 and C2-2 used in the
high stage-side cooler 420 and the low stage-side cooler 430,
respectively, and the refrigerant C2-3 used in the indoor air
cooler 440 are different kinds from each other. The
refrigerant C2-3 used in the indoor air cocoler 440 is safer
than the refrigerants C2-1 and C2-2 used in the high stage-side
cooler 420 and the low stage-side cooler 430, respectively.
The high stage carbon dioxide liquid receiver HGR, which
exchanges heat between the refrigerants C2-1 and C2-2 used in
the high stage-side cooler 420 and the low stage-side cooler
430, respectively, and the refrigerant C2-3 used in the indoor
air cooler 440, is provided outside of the building B. Because
of this configuration, the air conditicner 400 prevents the

primary refrigerant Cl from leaking into the interior of the
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C2-1, C2-2, C2-3Secondary refrigerant P1Primary refrigerant

circul ati on pat hway P2Secondary refrigerant circulation pathway

Bui | ding W1, Wir2Col d water tank W1, WP2Cold water punp CPl-1,

CP1-2, CP2Refrigerant punp CLAIMS 1. An air conditioner
conpri si ng:

building in large amounts. Thus, it i1s possible to increase

energy efficiency while securing safety without causing

harmful effects on people at the interior of the building even

if the primary refrigerant Cl harmful to human health is used

in favor of energy efficiency

[0049] ° In the air conditioner 400, the primary refrigerant

Cl may be ammonia and the secondary refrigerant C2 may be water

or brine, as with the air conditioner 300. Or, the primary

refrigerant Cl may be chlorofluorocarbon, ammonia,

water,

carbon dioxide, or hydrocarbon, and the secondary refrigerant

C2 may be carbon dioxide to achieve the same effect as the air

conditioner 300.

REFERENCE SIGNS LIST
[0050] 100, 200, 300, 400 Air conditioner
116, 210, 310, 410 Air supply duct
210A, 310a, 410A Upstream duct portion
210B, 310B, 410B Inter-evaporator duct portion
210C, 310C, 410cC Downstream duct portion
111, 211, 311, 411 Intake

1004, 200a&, 3004, 400A Two-stage compression

refrigerator

120, 220, 320, 420 High stage-side cooler
130, 230, 330, 430 Low stage-side cooler
140, 240, 340, 440 Indoor air cooler

212, 312, 412 Air supply opening

260, 360, 460 First heat recovery unit
270, 370, 470 Second heat recovery unit
150, 250, 350, 450 Outdoor air intake fan
380A High stage-side chiller
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an air supply duct for supplying conditioning target air including at
| east indoor air and optionally outdoor air of a building to be

air-conditioned into the interior of the building; a high
st age-side cooler provided in the air supply duct for mainly
el imnating sensible heat of the conditioning target air; a | ow

st age-si de cool er provided downstream of the high stage-side cooler
in the ai¥8&uppl yodustagershdenFpiélenmi nating | atent heat of the

conditioqg? target aig whose heat IOﬁg_has been partly elimnated by
[

t he hi gh e-sﬁﬂ%hcﬁ papTsidg cascafei GaBdr esbier for mainly

el i m natighd atept, heat ,0f st he Eggeg?eaggndengerThe air conditioner
according to claim1, c%nprlsing: a first heat recovery unit provided
upstreamgrd thevapghatiagecshdengeol er in the air supply duct; and

a second heat recovery unit provided between the high stage-side

cool er artf t helli gy stage-side €eBPERSEATthe air supply duct. 3.
The air dithoner accordin .to.glain11 or 2, conprising an indoor
air intake fanpPOvPHeaSAf Sah A8t T6FSthETai r supply duct for taking

the indoqr ai r rhpLembAeaBLT 184APHY rdUEver 4. The air conditioner
according to claim3, wherein'the air conditioner conprises a first

i nter-refli® gerboty Heaye-ekdhangepréssoexchangi ng heat between a
primary refrigerant and a secondary refrigerant, the secondary
refrigerdMt cikeWl RYERFUFA 4198EBNHAFGLYeEri gerant circul ation

pat hway d being.s lied to the high stage-side cooler, the | ow
stage-siggxcoo g?lgggn%ﬂ% %% %%g %%? cool er for absorbing sensible
heat and daat engbeabrofithe conditioning target air and sensibl e heat
of the indoor air, the primary refrigerant circulating in a primry
refrigerait cifndbati @ahrpathway for cooling the secondary
refrigerant, the secondary refrigerant pathway and the primary
refrigerdnt pRthWayeheihg physically separated from each ot her

Cl Primary refrigerant

c2-1, Cc2-2, Cc2-3 Secondary refrigerant

Pl Primary refrigerant circulation pathway
P2 Secondary refrigerant circulation pathway
B Building

WTLl, WTZ2 Cold water tank

WP, WPZ2 Cold water pump

Cpi-1, CP1l-2, CP2 Refrigerant pump

26



5. The air conditioner according to claim4, wherein the first
inter-refrigerant heat exchanger is provided outside of the building,
the secondary refrigerant includes two nutually different kinds of
refrigerants, one of which is used in the high stage-side cool er and
the | ow stage-side cooler, and the other of which is used in the

i ndoor air cooler, the refrigerant used in the indoor air cooler
is safer than the refrigerant used GIAIM® hi gh stage-side cool er and
the | ow st age-side cooler, and the air conditioner conprises a

second inter-refrigerant heat exchanger provided outside of the

bui | di ng fOrlEX£Q3§9£n?%ggf{iéﬁ%¥w%%gé%fs{§ rigerant used in the high
e

st age- si de cool er and ow stage- e cooler and the refrigerant
used in the iMNAODF AIPpBPURIL foh- siﬁFplgﬁhgc@eela&teaﬁ&nQC@é)fgéﬂgaif)
claim4 or 5, wherein the primary refrigerant is ammonia, which has
an excel liemtludju iatty lessa refloogeramt andndptionghéysegbddaryair of
refrigerant is ter or brine, which is safer in_conparison with

ot her ki AdLWBF Fetd i fer’ant 81 CondFhéCRPH dBAEI t6nem ity tHee
claim4 Qﬁmgxﬁyﬂﬁrein the primary refrigerant is chlorofluorocarbon,
ammoni a, water, “carbon di oxide, or hydrocarbon, and the secondary
refrigerant & shicpt batagli-axiidie .cooler provided in the air supply duct

for mainly eliminating sensible heat of the conditioning
target air:

a low stage-side cooler provided downstream of the high
stage-side cooler in the air supply duct formainly eliminating
latent heat of the conditioning target air whose heat load has
been partly eliminated by the high stage-side cooler; and

an indoor cooler for mainly eliminating latent heat of the

indoor air.

2. The air conditioner according to claim 1, comprising:

a first heat recovery unit provided upstream of the high
stage-side cooler in the air supply duct; and

a second heat recovery unit provided between the high
stage-side cooler and the low stage-side cooler in the air

supply duct.

3. The air conditioner according to claim 1 or 2, comprising
an indoor air intake fan provided at an inlet of the air supply

duct for taking the indoor air into the air supply duct.

4, The air conditioner according to claim 3, wherein the

air conditioner comprises a first inter-refrigerant heat
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8. The air conditioner according to any one of clainms 1 to 7, wherein
a high stage-side conpressor connected to the high stage-side cooler
and a | ow stage-side conpressor connected to the | ow stage-side

cool er are turbo refrigerators having a vari able speed control
feature.

exchanger for exchanging heat between a primary refrigerant
and a secondary refrigerant, the secondary refrigerant
circulating in a secondary refrigerant circulation pathway and
being supplied to the high stage-side cocler, the low
stage-side cooler, and the indoor air cooler for absorbing
sensible heat and latent heat of the conditioning target air
and sensible heat of the indoor air, the primary refrigerant
circulating in a primary refrigerant circulation pathway for
cooling the secondary refrigerant, the secondary refrigerant
pathway and the primary refrigerant pathway being physically

separated from each other.

5. The alr conditicner according to claim 4, wherein

the first inter-refrigerant heat exchanger is provided
outside of the building,

the secondary refrigerant includes two mutually different
kinds of refrigerants, one of which is used in the high
stage-side cocler and the low stage-side cooler, and the other
of which is used in the indoor air cooler,

the refrigerant used in the indoor air cooler is safer than
the refrigerant used in the high stage-side cooler and the low
stage-side cooler, and

the air conditioner comprises a second inter-refrigerant
heat exchanger provided outside of the building for exchanging
heatbetweentherefrigerantusedjj1thehighstage—sidecooler
and the low stage-side cooler and the refrigerant used in the

indoor air cooler.

6. The air conditioner according to claim 4 or 5, wherein

the primary refrigerant is ammonia, which has an excellent
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quality as a refrigerant, and
the secondary refrigerant is water or brine, which is safer

in comparison with other kinds of refrigerants.

7. The air conditioner according to claim 4 or 5, wherein
the primary refrigerant is chlorofluorocarbon, ammonia,
water, carbon dioxide, or hydrocarbon, and

the secondary refrigerant is carbon dioxide.

8. The air conditioner according to any one of claims 1
te 7, wherein

a high stage-side compressor connected to the high
stage-side cocoler and a low stage-side compressor connected
to the low stage-side cooler are turbo refrigerators having

a variable speed control feature.
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