HEAT TRANSPORT SYSTEM TECHNI CAL FI ELD

The present invention relates to a heat transport system 5 which can be
used as refrigerant circuitry for an air condi- tioning system for
exanple. More particularly, the present invention relates to a heat
transport systemfor transporting heat by circulating a heat transport
medi um wi t hout requiring a driving source such as a punp. 10

BACKGROUND ART As r1ef Heglor PRANSPORY SPsTEM an air conditioning
system two-systemrefrigerant circuitry, such as that disclosed in

Japanese Lai d- Qpen Publication No. 62-238951, has convention- 15 ally been
known. Refrigerant circuitry of this type includes: a primry

refrigerant circuit in which a conpressor t exchanger .on the
F@ﬁ&%ﬁﬁg%lgﬁghechan

first heat source side, a pressur i smand a heat
exchanger on the first application side are sequentially connected to
each ot her thrBhghPEeFERE| 4BVEREIOROrelpbes %Rdag heatotdangpoatty isysten,
circuit in which a punp, a heat exchanger on the second heat source
side and awhiagh ean be useshgsr wefrigesambndinppitryt forn shndeiar eondi-
connected to each ot her through a refrigerant pipe.

tioning system, for example. More particularly, the present

invention relates to a heat transport system for transporting

heat by circulating a heat transport medium without requiring

a driving source such as a pump.

10
BACKGROUND ART
As refrigerant'circuitry for an air conditioning system,
two-system refrigerant circuitry, such as that disclosed in
Japanese Laid-Open Publication No. 62-238951, has convention-
15 ally been known. Refrigerant circuitry of this type includes:
a primary refrigerant circuit in which a compressor, a heat
exchanger on the first heat source side, a pressure reducing
mechanism and a heat exchanger on the first application side
are sequentially connected to each other through a refrigerant
20 pipe; and a secondary refrigerant circuit in which a pump, a
heat exchanger on the second heat source side and a heat ex-
changer on the second application side are connected to each
other through a refrigerant pipe.
And, heat is exchanged between the heat exchanger on the

25 first application side of the primary refrigerant circuit and



And, heat is exchanged between the heat exchanger on the 25 first
application side of the primary refrigerant circuit and t he
heat exchanger on the second heat source side of the sec- ondary
refrigerant circuit, and the heat exchanger on the sec- ond application
side is disposed within a roomto be air- conditioned. 5 In this
refrigerant circuitry, during the room cooling running, a refrigerant

i's evapor atgd h@ai:h%xhﬁﬁhgéfcbﬁn&ﬂ% %@cond tHeatf isouircePRidedidornd dedand
the refrigerant is condensed in the heat exchanger on the second heat
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exchanger on the flrst application side and the refrigerant is
evapor at ed®PRAEhEoned. heat exchanger on the second heat source side. The
evapor at - ed refrigerant exchanges heat with the indoor air in the heat

exchangér on t h&ns&ddsd xgfrigerant cigeuibtyis dsgridehsidie roomt lwodbyng
heating the indoor air. In this way, the piping |length of the

pLinary r etungiéng, a0refirigerantt issevhporated, inhdéhebhearty iexghangeyprooye
e re the first application side and the refrigerant is condensed
in the heat exchanger on the second heat source side. The
condensed refrigerant exchanges heat with the indoor air in
10 the heat exchanger on the second application side and is
evaporated, thereby cooling the indoor air.

Oon the other hand, during the room heating running, a
refrigerant is condensed in the heat exchanger on the first
application side and the refrigerant is evaporated in the

15 heat exchanger on the second heat source side. The evaporat-
ed refrigerant exchanges heat with the indoor air in the heat
exchanger on the second application side and is condensed,
thereby heating the indoor air.

In this way, the piping length of the primary refriger-

20 ant circuit is shortened, thereby trying to improve the re-
frigerating capacity.

However, in such an arrangement, a pump is required as a
discrete driving source for circulating the refrigerant in

the secondary refrigerant circuit. As a result, the power

25 consumption and the like are increased. In addition, since



frigerating capacity. However, in such an arrangenent, a punp is
required as a di screte driving source for circulating the refrigerant
in the secondary refrigerant circuit. As a result, the power 25
consunption and the |like are increased. In addition, since

2 such a driving source is required, the nunber of parts
havi ng such factors as to cause sone failure is increased and thus
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As refrigerant circuitry for overcom ng these problens, there exists a
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t ype, ving source Is provi for the secondary
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In the heat transport system a secondary refrigerant circuit is con-
struct ed stigh®fhat a heater, a condenser and a seal ed contain- er are
sequentially connected to each other through a rgfrigerant pi pe and
that thé seal edABomefinigerantditigseiey far ovepgomingnthegee Pudidenshat
of the heater. Mor eover, the

there exists a heat transport system of a so-called “non-

powered” heat transport type, in which no driving source is
provided for the secondary refrigerant circuit. Heat trans-
port systems of such a type include a system disclosed in Ja-
10 panese Laid-Open Publication No. 63-180022. In the heat
transport éystem, a secondary refrigerant circuit is con-
structed such that a heater, a condenser and a sealed contain-
er are sequentially connected to each other through a
refrigerant pipe and that the sealed container is disposed at
15 a position higher than that of the heater. Moreover, the
heater and the sealed container are connected to each other
through an equalizer pipe including an opening/closing valve.
According to such an arrangement, during the room heating
running, the opening/closing vélve is first closed. A gaseous
20 refrigerant heated by the heater is condensed in the condenser
so as to be liquefied. Then, the liquid refrigerant is recov-
ered into the sealed container. Thereafter, the open-
ing/closing valve is opened, the pressure in the heater is
equalized by the equalizer pipe with the pressure in the

25 sealed container, and then the liquid refrigerant is recovered



heater and the seal ed contai ner are connected to each other t hrough an
equal i zer pipe including an opening/cl osing val ve. According to
such an arrangenent, during the room heating runni ng, the
opening/closing valve is first closed. A gaseous 20 refrigerant heated by
t he heater is condensed in the condenser so as to be liquefied. Then,
the liquid refrigerant is recov- ered into the sealed container.
Thereafter frohh®heORRAled cont@ifleds! A sYsEd iat WPVt WifhatMehdd
the heater is equal i zed by the equalizer pipe with the pressure in the
25 seal ed %ﬂﬁ&abgeﬁheaqga£gf” %getﬁéchgékéfqrigerant I's recovered

3 romthe seal ed confal ner, disposed at a position higher

t han that of the he%ter, a the he eati.ng.this
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such a heat transport system if the gaseous refrigerant flows fromthe
condensér RAta puspsfar cthe osecondary refrigerant wuigauwddsure in the seal ed
container rises. As a

{Problems to be solved)

However, in such a heat transport system, if the gaseous
refrigerant flows from the condenser into the sealed con-

10 tainer, then the pressure in the sealed container rises. Aas a
result, there is some possibility that the operation of circu-
lating the refrigerant cannot be performed satisfactorily.
Thus, the refrigerant needs to be excessively cooled in the
condenser so that the gaseous refrigerant does not flow out

15 from the condenser.

Moreover, the heat transport system ameliorates the inner
structure of the sealed container so as to suppress a rise in
pressure within the sealed container. However, the system
cannot be regarded as attaining sufficient reliability.

20 Furthermore, if the liquid refrigerant is to be intro-
duced into the sealed container with certainty in this manner,
then the condenser is required to be disposed at a position
higher than that of the sealed container. Thus, since undue
restriction is imposed on the positions where the respective

25 units are disposed, it is difficult to apply such a system to



result, there is some possibility that the operation of circu- | at i ng

the refrigerant cannot be perforned satisfactorily. Thus, the
refrigerant needs to be excessively cooled in the condenser so that the
gaseous refrigerant does not flow out 15 fromthe condenser.

Moreover, the heat transport system aneliorates the inner structure of
the seal ed container so as to suppress a rise in pressure within the
seal ed contaalla&@e-scaqwe\sgétehhsrsxsg%&m h&dM@ta PEohg¢gaiped as attaining
sufficient reliability Furthernore, if the liquid refrigerant is
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manner, t hen t he condenser spose posi tion
hi gher than that of.the_seal d contaln ... Thus,., sin
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di sposed, it is difficult to apply such a systemt
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In view of this point, the present invention has been devi sed in order
to accofpl Asg aﬁi‘—@b}mg viigh amelddbtidyy andt mnivensglgitivonfern ehdeat
positions where the units are disposed 5 and attaining high reliability
and uni ver salanspoirdr sysitest of a non-powered heat transport type requir-

ing no driving source.

DISCLOSURE OF THE INVENTION

10 In order to accomplish the above-described objective,
according to the present invention, pressure is applied to a
refrigerant in a refrigerant circuit on an application side,
and the refrigerant is circulated in the refrigerant circuit
on the application side by utilizing this pressure. In addi-
15 tion, the direction in which the refrigerant circulates is
controlled such that heat exchange means on the application

side can perform a predetermined operation.
Specificaily, the first solution provided by the present
invention includes, first, heat exchange means (1) on a heat
20 source side and heat exchange means (3) on an application
side, as shown in Figure 1. In addition, the solution also
includes: a gas pipe (6) for connecting upper ends of the
heat exchange means (1) on the heat source side and the heat
exchange means (3) on the application side; and a liquid pipe

25 (7) for connecting lower ends of the heat exchange means (1)



transport system of a non-powered heat transport type requir- I ng no
driving source. DI SCLOSURE OF THE | NVENTI ON 10

I'n order to acconplish the above-described objective, according to the
present invention, pressure is applied to a refrigerant in a
refrigerant circuit on an application side, and the refrigerant is
circulated in the refrigerant circuit on the application side by
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refrigerant C|rcu ates 1s controll ed such that heat exchange means on

the applic |on erforma predeterm ned operation.
Speci fi cal 1}?5@?820$E?$0n prOV|ded by the present I nvention

i ncl udes, flrst heat exch e heat, d
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addition, the solution also |ncludes a gas for connecti
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t he heat exchange neans (3) on the application side; and a |iquid pipe
25 (7) $orrabsimgt ang indeemadnderessure ﬁeath@x&makﬁ£3ﬁh#E9%1weans (1)
5

on the heat source side by applying heat to a refrigerant in

the heat exchange means (1) on the heat source side and a

heat-absorbing operation for lowering the internal pressure

in the heat exchange means (1) on the heat source side by ex-

10 tracting heat from the refrigerant in the heat exchange means
(1) on the heat source side. |

In addition, the solution further includes refrigerant

control means (G) for performing heat absorption running or

heat radiation funning on the heat exchange means (3) on the

15 application side by allowing the refrigerant to flow through

one of the gas pipe (6) and the liquid pipe (7) and prevent-

ing the refrigerant from flowing through the other pipe in

accordance with whether the heat source means (A) performs

the heating operation or the heat-absorbing operation, there-

20 by supplying the refrigerant from the heat exchange means (1)

on the heat source side to the heat exchange means (3) on the

application side during the heating operation of the heat

source means (A) and recovering the refrigerant from the-heat

exchange means (3) on the application side to the heat ex-

25 change means (1) on the heat source side during the heat-



on the heat source side and the heat exchange neans (3) on t he
application side. Mor eover, the solution further includes heat
source means (A) for alternately perform ng a heating operation for 5
raising an internal pressure in the heat exchange neans (1) on the heat
source side by applying heat to a refrigerant in t he heat exchange
nmeans (1) on the heat source side and a heat - absor bi ng operation for

| oweri ng tQﬁsbghiggahggﬁss%g%eof theN e BeRircexgleange Bans (1) on the
e side ex- 1

heat sourc tracting heat fromthe refrigerant in the heat
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solution furthe ri-ger an contr neans r performng
heat absorption running or eat radi ation,runnin n_the t . ange
Teans (3) BRUFRE MESnEY M) ASTAPET S BERHYoOPRERaPPr oRPRT: 1: How
t hr ough one of the gas pipe (6) and the liquid pipe (7) and prevent-
ing the repligdr &t thenrefsigrganks diyhtheechsake eXGhangs, means (dpqftte
wi t h whet her the heat source neans (A) perforns t he heating operation
or the Beathebdwdl nspupee aside, anderthe 20teynadpmngsfpneeinethpgdiant
fromthe heat exchange neans () on the heat source side to the heat

exchange nmegbhande @fedrie (1) ompltisat heatsistmmbke i sjdehar isest.i ngOopdret i on
of the heat source neans (A) and recovering the refrigerant fromthe

heat eytharIehdm@NS whil ONthbe iy | satiree shélené o (Ah)e peafoens e
change nmeans (1) on the heat source side during the heat-
6 heat-absorbing operation, heat is extracted from the refrig-
erant in the heat exchange means (1) on the heat source side
10 and the internal pressure in the heat exchange means (1) on
the heat source side falls.

In accordance with this operation, the refrigerant con-
trol means (G) allows the refrigerant to flow through one of
the gas pipe (6) and the liquid pipe (7) and prevents the re-

15 frigerant from flowing through the other pipe. Thus, the re-
frigerant circulates in a predetermined direction between the
heat exchange means (1) on the heat source side and the heat
exchange means (3) on the application side, and the heat ab-
sorption running or the heat radiation running is performed

20 on the heat exchange means (3) on the application side. As a
result, the refrigerant circulates owing to the heat exchange
caused in the heat exchange means (1) on the heat source
side.

Thus, in accordance with this first solution, the re-

25 frigerant in the heat exchanger means (1) on the heat source



absor bi ng operation of the heat source neans (A). I n accordance
with this first solution, while the heat source neans (A) perforns the
heati ng operation, heat is ap- plied to the refrigerant in the heat
exchange nmeans (1) on 5 the heat source side and the internal pressure in
t he heat exchange neans (1) on the heat source side rises. On the
.other hand, while the heat source neans (A) performs the heat - absor bi ng

operat | on.g {164 1 SrEKLEAENEY LLBTLLRES 4 ibat abdtasien dhe hest ra-

exchange neans at s rce side 10 and the internal pressure in

the heat exc f‘h&?hngﬁ‘ Sy él%naag to r}:‘:‘I:flﬁeaage Wv?@er?'f’l’?efﬁééf exchan & I'n

accordance W opera on, therefri gerant con- nmeans

allows the refrigerant to flo throuhon th t he
liquid pi 389 Ehy PR VRt e Soprde %ﬁ?. aE?aEFe Reder gwﬁnggh’fl‘%%ﬁ t he
ot her pipe. Thus, the re- frigerant circulates in a gredeterm ned
direction 6%} v@éntltlﬂeappll%ﬁ%-o%x%#éﬁgbyn\%’éh%lfﬂlgoﬂ VAELRELIPNs 4B PEeSde
and the heat exchange nmeans (3) on the application side, and the heat
ab- 5 scsptesnofurbthiengrefrigerantat readil&ingn thenafirem. péf:ﬁgif #2891¥6 on

t he heat exchange neans (3) on the application side. As a result, the
refrigerandpécig£ll! alranspdnty meahbe sweh asc hangmfr:.gemrﬁedcuncuﬂuathegt

exchange neans (1) on the heat source
pump for circulating the refrigerant is no longer necessary.
As a result, the power consumption can be reduced, the number
of parts having such factors as to cause some failure can al-

10 so be reduced, and reliability can be ensured for the entire
system.

In addition, the restriction on the positions where the
units are disposed can be alleviated, thereby attaining high
reliability and imprbving the universality thereof.

15 Moreover, since the heating and the heat-absorbing op-
erations of the heat source means (A) are performed stably
with respect to the heat exchange means (1) on the heat
source side, the ’refrigerant can circulate satisfactorily
even when the entire circuitry is formed in a large size.

20 Consequently, the system can be enlarged.

In the second solution provided by the present inven-
tion, the first solution is adapted such that, in performing
the heat absorption running on the heat exchange means (3) on

the application side, the refrigerant control means (G) al-

25 lows a liquid refrigerant to be supplied from the heat ex-



si de. Thus, in accordance with this first solution, the re- 25
frigerant in the heat exchanger neans (1) on the heat source

7 o side is repeatedly subjected to heat absorption and heat
ra- diation, and is nade to circul ate between the heat exchanger
means (1) on the heat source side and the heat exchange neans (3) on

the application side by utilizing a variation in pres- 5 sures of the

refriger amdndiid!iddits t NEY 64K Ofhe HESO'SbELY . side €0CERE| hédBNERGRAnGEBANS
such as a refrigerant circulating punp for circulating the refrigerant
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where t he units are disposed can_be alleviated, , 6 thereby attaining high
reliabili tshexnkieatpesehagaendeans ef3h PRy thexrapplication Slﬁﬁréiﬂle&,‘e
since the heating and the heat-absorbing op- erations of the heat
sour ce Sredreat{ Axchanger meansd (d)alsy the heah seypeer sise Hhraugh ekbaange
means (1) on the heat
gas pipe (6) during the heating operation of the heat source
means (A), and that the refrigerant control means (G) allows
the gaseous refrigerant to be recovered from the heat ex-
change means (3) on the application side to the heat exchange
10 means (1) on the heat source side through the gas pipe (6)
and prevents the liquid refrigerant from being supplied from
the heat exchange means (1) on the heat source side to the
heat exchange means (3) on the application side through the
liquid pipe (7) during the heat-absorbing operation of the
15 heat source means (A).

In the second solution, during the heat absorption run-
ning of the heat exchange means (3) on the application side,
the 1liquid refrigerant is supplied from the heat exchange
means (1) on the heat source side to the heat exchange means

20 (3) on the application side. The liquid refrigerant is evapo-
rated in the heat exchange means (3) on the application side.
The gaseous refrigerant is recovered from the heat exchange
means (3) on the application side to the heat exchange means

(1) on the heat source side. Thus, the heat-absorbing opera-

25 tion can be performed through the refrigerant evaporated in



source side, the refrigerant can circulate satisfactorily even when the
entire circuitry is forned in a large size. 20 Consequently, the system
can be enl arged. In the second solution provided by the present

I nven- tion, the first solution is adapted such that, in performng

t he heat absorption running on the heat exchange neans (3) on t he
application side, the refrigerant control neans (G al- 25 lows a liquid

refri ger antheonkats ekehhfdel meankhg 3jean ke application side.
8 change nmeans (1) on the heat source side to the heat
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and prevents a gaseous refrigerant ]
(D on’t neORosrechifBsacFaR By ahn  Brih o eds, saoBaoe MR, g
cont rol nethe (GRLa GRS 5ifRetGaddbuchest, FRERARDS: J95R olBlcPBd Heom
the heat ex- _  change neans ggg on the application side to the heat
exchang® appkigation) sdde: Hes hablowedr dardnge the digpting grerptipen( @f
and prevents the liquid refrigerant from being supplied from t he heat
exchange ntheashéar spurce meanssdi)ce aidileconly ttike recovery of the gas-
eous refrigerant from the heat exchange means (3) on the ap-
plication side to the heat exchange means (1) on the heat
source side is allowed during the heat-absorbing operation of
10 the heat source means (A), thereby performing heat absorption
running on the heat exchange means (3) on the application
side. Thus, this heat absorption running can be performed
with certainty and reliability can be improved.
In the third solution provided by the present invention,
15 the first solution is adapted such that, in performing the
heat radiation running on the heat exchange means (3) on the
application side, the refrigerant control means (G) allows a
gaseous refrigerant to be supplied from the heat exchange
means (1) on the heat socurce side to the heat exchange means
20 (3) on the application side through the gas pipe (6) and pre-~
vents a liguid refrigerant from being recovered from the heat
exchange means (3) on the application side to the heat ex-
change means (1) on the heat source side through the liquid

pipe (7) during the heating operation of the heat source

25 means (A), and that the refrigerant control means (G) allows

10



heat exchange means (3) on the application side through the l'iquid pipe
(7) during the heat-absorbing operation of the 15 heat source neans (A).

In the second solution, during the heat absorption run- ni ng of the
heat exchange means (3) on the application side, the liquid refrigerant
I's supplied fromthe heat exchange means (1) on the heat source side to

t he heat exchange neans 20 (3) on the application side. The liquid

refrigerantpés) £¥@PQ- refri§ébafiti ol B8 Peabverehafaemmeadshedk ekchhfige
application side; The gaseous refrigerant is recovered fromthe heat

(D) on t neneelly (30, 3h BRe, bplieeitl Bde o Ono RoabllaBrahgebReaRaT
be Per oY BEOKES S A Lo RSt davia pipe () one
I n accordance with the second solution, only the suppl , O he Iiguid
refri ger arPXreYonts ha mr@@@lthfO@nbelnﬁpf%‘%e‘ioﬁ% §ﬂ&e to
t he heat exchange neans (3) on the 5 application side is allowed during
t he heasi riyeapeenchangef meanst Hd )heen ther beakesourcs) sidel &9l yhenphheat
recovery of the gas- eous refrigerant fromthe heat exchange nmeans (3)
on the ap-exchange means (3) on the application side through the gas
pipe (6) during the heat-absorbing operation of the heat
source means (A).
In the third solution, during the heat radiation ruhning
10 of the heat exchange means (3) on the application side, the
gaseous refrigerant is supplied from the heat exchange means
(1) on the heat source side to the heat exchange means (3) on
the application side. The gaseous refrigerant is condensed
in the heat exchange means (3) on the application side. The
15 1liquid refrigerant is recovered from the heat exchange means
(3) on the application side to the heat exchange means (1) on
the heat source side. Thus, the heat radiation running can
be performed through the refrigerant condensed in the heat
exchange means (3) on the application side.
20 In accordance with the third solution, only the supply
of the gaseous refrigerant from the heat exchange means (1)
on the heat source side to the heat exchange means (3) on the
application side is allowed during the heating operation of

the heat source means (A), and only the recovery of the lig-

25 uid refrigerant from the heat exchange means (3) on the ap-

11



plication side to the heat exchange nmeans (1) on the heat source side
is allowed during the heat-absorbing operation of 10 the heat source neans

(A), thereby perform ng heat absorption runni ng on the heat exchange
means (3) on the application side. Thus, this heat absorption running
can be perforned with certainty and reliability can be inproved.

In the third solution provided by the present invention, 15 the first

sol ution i pdadici 84aB tHAl then neerf csxémangdemeanshegl) r afli aflieonheatni ng
on the heat exchange neans (3) on the application side, the refrigerant
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heat exchange neans on t source side to the heat exchange

means 20 ,(,3) on the appli L.an side el ) -
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means (3) on the application side to the heat ex- change_neans (1) on
the heat JOUMENG; 88 ttheufRath&AShaRde meaps d 3)7)oRuk : FRR ﬁ‘éﬁh‘%ﬁ
operation of the heat source 25 neans_ (A), and that the refrigerant
cont r ol5 nesirde { G Wusowsthis heat radiation running can bejgperformed

the liquid refrigerant to be recovered fromthe heat exchange means (3)
on the appitintdertasindey tand heehiattikichacae beaimproved.

In the fourth solution provided by the present inven-
tion, thé first solution is adapted such that the heat ex-
change means (1) on the heat source side is formed by

10 connecting at least one first heat exchanger (la) and at
least one second heat exchanger (1lb) in parallel to each
other.

And, while the heat source means (A) performs the heat-
ing operation during the heat absorption running of the heat

15 exchange means (3) on the application side, only the first
heat exchanger (la) is heated to raise an internal pressure
of the first heat exchanger (la) and the pressure is applied
onto the second heat exchanger (1b), thereby supplying a lig-
uid refrigerant from the second heat exchanger (1b) to the

20 heat exchange means (3) on the application side through the
liquid pipe (7).

In the fourth solution, the internal pressure of the
heated first heat exchanger (la) rises and the pressure is

applied onto the second heat exchanger (1lb). As a result,

25 the liquid refrigerant is supplied from the second heat ex-

12



(1) on the heat source side through the Iiquid pipe (7) and prevents a
gaseous refrigerant frombeing supplied fromthe 5 heat exchange neans (1)

on the heat source side to the heat exchange neans (3) on the
application side through the gas pi pe (6) during the heat-absorbing
operation of the heat source nmeans (A). In the third solution

during the heat radiation running 10 of the heat exchange neans (3) on the

appl i cat i ogy, ghgsr t(?%) to Oh'éafeakbaahaet meansUN@ j esnf £R& bpplheat

egghange ne?E heat sour ce S|de to the heat exchange neans
on e ap |cat | §f t n

in the heaF1@%cH: gt §) on t%%yg $§%£S|§£ﬂp %*éhﬁgggf 3&%)
refrigerant is recover d fron1the hea exchan agg & 0

appl i cat i oBeREHALES gﬁevhﬁﬁtPE?ﬁﬁHﬁﬁe ﬂEaﬁgP?gleH e l4g ﬁ@af §%&ﬁ%§'
side. Thus, the heat radiation running can be_perforned throu t

refri ger anantohdehBedheatt aEchange meaéﬁcﬁéhg@“nﬁ&ﬁsa pLigAties §ggﬁicat|on
side. 20 In accordance with the third solution, only the sup

of the gaseous Iafacgerdancer oviitihetheafouxthamgd vtdany (anly th@nfﬂﬁ§theat
source side to the heat exchange nmeans (3) on the application side is
al | oned dupéag bRkehhfgernglaperial imgatedd to tabsdethesdnternadapxesaureand

only the recovery of the lig- 25 uid refrigerant fromthe heat exchange
neans (3) QP tH& #Rrst heat exchanger {la) and the pressdte is applied
onto the second heat exchanger (1b), thereby supplying a lig-
uid refrigerant from the second heat exchanger (1b) to the
10 heat exchange means (3) on the application side. Thus, the
first heat exchanger (la) can be made to generate driving
pressure for supplying the liquid refrigerant. As a result,
a refrigerant supply operation can be performed with cer-
tainty, while trying to reduce the heat quantity to be ap-
15 plied to the heat exchanger (la).

In the fifth solution provided by the present invention,
the first solution is adapted such that the heat exchange
means (1) on the heat source side is formed by connecting at
least one first heat exchanger (la) and at least one second

20 heat exchanger (1b) in parallel to each other.

And, while the heat source means (A) performs the heat-
absorbing operation during the heat radiation running of the
heat exchange means (3) on the application side, heat is ab-

sorbed only from the first heat exchanger (la) to lower an

25 internal pressure of the first heat exchanger (la) and the

13



plication side to the heat exchange neans (1) on the heat source side
Is allowed during the heat-absorbing operation of t he heat source neans
(A), thereby perform ng heat radiation runni ng on the heat exchange
means (3) on the application 5 side. Thus, this heat radiation running
can be perforned with certainty and reliability can be inproved.

In the fourth solution provided by the present inven- tion, the first

solution is-adapi-ed AUCRIARkd Nenbsalt i - secontahEsL MediehdrdePN (i heat
I'S by

source sid or me connecting at |east one first heat exchanger

(la) and a | east one .second ;heat. £x r ' atall h

ot her. %herebx\na{eqwqr&qq]eahé&qlgbfrgg%gggﬁgsg’l% fp%‘?orﬁr%e t %éﬁe%?l?

i ng operation during the heat absorption running .of the heat 15 _.exchange
means (3) ohange mEAMScddlorPRitRe 8RPY1CALIPYY %l‘{e t%eﬁ’i“*e??ﬁ&ﬁ&e?‘eﬁ% ;
is heated to raise an internal pressure  of the first heat exchanger
(1a) and teschangeur é1b3 &ppprhgh the daguidh®iPEcddd -heat exchanger (1b),

t hereby supplying a lig- uid refrigerant fromthe second heat exchanger
(1b) tosthe 20Iheathexdifthe sebuti¢8) orhe hdnkepinadat pressude toF oddie t he
liquid pipe (7). In the fourth solution, the internal pressure of
the hept pgif inesit heréhangbanqaa)(l aghei heatarsif t Whiphedms ebeen ab-

applied onto the second heat exchanger (1b). As a result,
sorbed, is lowered and the pressure is applied onto the sec-
ond heat exchanger (1b). As a result, the liquid refrigerant
is recovered from the heat exchange means (3) on the applica-
10 tion side to the second heat exchangér (1b). That is to say,
the first heat exchanger (la) generates driving pressure for
recovering the liquid refrigerant from the heat exchange
means {(3) on the application side.
In accordance with the fifth solution, heat is absorbed
15 only from the first heat exchanger (la) to lower the internal
pressure of the first heat exchanger (la) and the pressure is
applied onto the second heat exchanger (1b), thereby recover-
ing a liquid refrigerant from the heat exchange means (3) on
the application side to the second heat exchanger (1b).
20 Thus, the first heat exchanger (la) can be made to generate
driving pressure for recovering the liquid refrigerant. &as a
result, a refrigerant recovery operation can be performed
with certainty, while trying to reduce the heat quantity to
be extracted from the heat exchanger (la).

25 In the sixth solution provided by the present invention,

14



25 the liquid refrigerant is supplied fromthe second heat ex-

12 changer (1b) to the heat exchange neans (3) on the

appl i ca- tion side. That is to say, the first heat exchanger (I a)
generates driving pressure for supplying the liquid refriger- ant to

t he heat exchange neans (3) on the application side. 5 I n accordance
with the fourth solution, only the first heat exchanger (la) is heated
to raise té¥Rei BeebRdl dif e6RE’ EourthOfsdft fdd Sishadhpeeahaisi t(hat &mneé the
pressure is applied onto the second heat exchanger (1b), thereby

suppl yi ng Aofy-flg rant“l':gn{:%{tggi‘é%ﬁgt (o %Mﬁ%g%yﬁxﬁhﬂl?ﬁ{é G to

the 10 heat exthange neans on the apﬁ%icatlon Sl hus,

first heat,exchan | a made, to_generate driyving ressyre for
suppl %/I ng }%'éot‘?q&%é: efizwﬁﬁﬁatmlsa P’é?‘ﬁ_ 6?3 :hral Fiét r |g§' ra%‘p%ugﬁy .
operation can be_perforned w cer- ., tainty, while trying to reduce the
heat quant9BSn% ABELRG. thes hertsabsprbiac QRETA RS the)Heat source;

the fifth solution provided by the present invention, the first
sol uti oh ikeaRBpldd Anh ehaseshdwdag ckpahgating mperatign okhereofgat
source side is formed by connecting at | east one first heat exchanger

(la) and @@nd eastsemondsesmbenoid valve (S8V2) that is provided for the
liquid pipe (7), opens during the heating operation of the
heat source means (A) and closes during the heat-absorbing
operation thereof.

10 Also, in the seventh solution provided by the present
invention, the third or the fifth solution is adapted such
that the refrigerant control means (@) is constituted by: a
first solenoid valve (Svl) that is provided for the gas pipe
(6), opens during the heating operation of the heat source

15 means (A) and closes during the heat-absorbing operation
thereof; and a second solenoid valve (Sv2) that is provided
for the liquid pipe (7), opens during the heat-absorbing op-
eration of the heat source means (A) and closes during the
heating operation thereof.

20 Also, in the eighth solution provided by the present in-
vention, the second or the fourth solution is adapted such
that the refrigerant control means (G) is constituted by: a
first check valve (CV1l) that is provided for the gas pipe (6)
and allows only the gaseous refrigerant to flow from the heat

25 exchange means (3) on the application side to the heat ex-

15



20 heat exchanger (1b) in parallel to each other. And, while the

heat source neans (A) perforns the heat- absor bi ng operation during the
heat radi ation running of the heat exchange neans (3) on the
application side, heat is ab- sorbed only fromthe first heat exchanger
(la) to lower an 25 internal pressure of the first heat exchanger (la) and
t he 13 pressure is applied
onto the seksmge Reansx¢dgrneRr tﬁlebheat sddI A deBC Qyed | A0sécbhdutHeck
refrigerant fromthe heat ex- change nmeans (3) on the application side

to the se i{qﬂ’ ﬁ@zh tﬁﬁ;‘]hﬁgg Eo(rlpledt o dhd *ﬁiﬂf&“ﬁ%& § 7dna a1-

In the flf eln erna pressure of t hea

h at f whi h b I d
the ;P%Eéh;ﬁ%w%s aEgl.Q pal it £%igeggﬂsﬁ%%e%%oiiéﬁsﬁget#%1 gL gt
result, t I d f t [ d t heat h
rans. (3) ISR BERRT LD aB mnnémése%ﬁlyr‘?%isgéeoﬂ% P ﬁ%‘asﬁé%aﬁeﬂefb).

That is to say, the first heat exchanger (la) generates driving
pressur® fmgans (3 pcovckhe@pmeicatien siddeigerant fromthe heat exchange
means (3) on the application side. In accordance with the fifth
sol ution, heat Aks@apsimbtHe ninth solution provided by the present in-

vention, the third or the fifth solution is adapted such that
the refrigerant control means (G) is constituted by: a first
check valve (CVv3) that is provided for the gas pipe (6) and

10 allows only the gaseous refrigerant to flow from the heat ex-
change means (1) on the heat source side to the heat exchange
means (3) on the application side; and a second check valve
(Cv4) that is provided for the liquid pipe (7) and allows on-
ly the ligquid refrigerant to flow from the heat exchange

15 means (3) on the application side to the heat exchange means
(1) on the heat source side.

Thus, in accordance with the sixth to the ninth solu-
tions, specific arrangements for the refrigerant control
means {(G) can be obtained, the reffigerant circulation direc-

20 tion can be precisely set in order to perform the heat ab-
sorption running or the heat radiation running on the heat
exchange means (3) on the application side, and reliability
and practicality of the running operation can be improved.

In the tenth solution provided by the present invention,

25 the first, second, third or fourth solution is adapted such

16



15 only fromthe first heat exchanger (la) to |lower the interna

pressure of the first heat exchanger (la) and the pressure is applied
onto the second heat exchanger (1b), thereby recover- ing aliquid
refrigerant fromthe heat exchange nmeans (3) on the application side to
t he second heat exchanger (Ib). 20 Thus, the first heat exchanger (la) can
be made to generate driving pressure for recovering the liquid

refriger althatASréservol @ Shibins \%265 Ii gRABA! ikCCOHIeEtRE | | par&BleDeto
per f or med W th certainty, ile trying to reduce the heat quantity to

e Itk ISR USSR CHBARIOR (10 cnénemt sbiekl sdad it bl )

the second or the fourth solutipopn is_adapted.such that the refri ant
control MEAETEGthe uw{vb‘i\‘él"&t ﬁ?tﬁlg??:aﬂgf gpsl%h?oﬁleat XGPS MRA0% s §
that is provided for the gas pjpe (§), opens during the heat-absorbing
oper ati on ¥ the healt sQuqe sBlewads fuyther RYSEedyring the heating
operation thereof; and a second sol enoid valve (SV2) that is provided
for the | i gin dapcprdansce widhs thei tgnthe smkutiopopthat ilgawid t Ke-
heat source neans (A) and cl oses during the heat-absorbing operation
t hereof. fifigerantAl fw, the heatsexeoiiango means pLyvodedhwy hémt psevroe
side can be reserved in the reservoir means (20). Thus, the
heat exchange efficiency of the heat exchange means (1) on
the heat source side can be set at a high value, and the per-
10 formance of the entire system can be improved.

In the eleventh solution provided by the present inven-
tion, the heat exchange means on the heat source side is con-
stituted by a plurality of heat exchangers, thereby enabling
to continuously perform heat radiation running or heat ab-

15 sorption running on the heat exchange means on the applica-
tion side.

Specifically, the solution includes: at least one first
heat exchange section (1A) on a heat source side; at least
one second heat exchange section (1B) on the heat source

20 side; and heat exchange means (3) on an application side.

And, the solution further includes: a plurality of gas
pipes (6a, 6b) for connecting upper ends of the respective
heat exchange sections (1A, 1B) on the heat source side to an

upper end of the heat exchange means (3) on the application

25 side; and a plurality of liquid pipes (7a, 7b) for connecting

17



I nvention, the third or the fifth solution is adapted such that the
refrigerant control nmeans (G is constituted by: a first sol enoid val ve
(SV1) that is provided for the gas pipe (6), opens during the heating
operation of the heat source 15 nmeans (A) and closes during the

heat - absor bi ng operati on t hereof; and a second sol enoid val ve (SV2)
that is provided for the liquid pipe (7), opens during the

heat - absor fihyiélr OPnds ofCtakl %s%c%&%&%aﬁ%m@aﬁ@@@eéﬁoﬁ@d £AOSEH)
during the heati ng operation thereof Al so, in the elghth

ol uti on |2 aHEE Xgh%ﬁu%%sﬁﬁét % Pt %‘ﬁ%%'r S of G ol ehlifiahgu’ "

i po (6) Meatial3) | PRethel 3PP FECRELRR & LF8 11 gorant to {1 ow from the heat

25 exchange neans (3) on the application side to the_heat ex-

15 Moxeririer ndedis  SPlWHame ygdheroudaelydgs, heata SeUERe

check valve (CV2) that is provided for the liquid pipe (7) and al -

| ows ord y means i (A)d foaf rajeexmatedy f pewformindghea hEdrssx-heat ewghgagseans

(1) on the heat source side to the heat exchange 5 neans (3) on the

'applicathnpeﬁakion for raising an internal pressure of the first heat
exchange section (1A) on the heat source side by applying
heat to a refrigerant in the first heat exchange section (1A)
on the heat source side and for lowering an internal pressure

10 of the second heat exchange section (1B) on the heat source
side by extracting heat from a réfrigerant in the second heat
exchange section (1B) on the heat source side, and a second
heat exchange operation for lowering the internal pressure of
the first heat exchange section (1A) on the heat source side

15 by extracting heat from the refrigerant in the first heat ex-
change section (1A) on the heat source side and for raising
the internal preséure of the second heat exchange section
(1B) on the heat source side by applying heat to the refrig-
erant in the second heat exchange section (1B) on the heat

20 source side.

In addition, the solution further includes refrigerant

control means (G) for performing heat absorption running or
heat radiation running on the heat exchange means (3) on the

application side by switching flow conditions of the refrig-

25 erant in the gas pipes (6a, 6b) and the liquid pipes (7a, 7b)

18



Al so, in the ninth solution provided by the present in- vention, the
third or the fifth solution is adapted such that the refrigerant

control neans (G is constituted by: a first check valve (CV3) that is
provi ded for the gas pipe (6) and 10 allows only the gaseous refrigerant
to flow fromthe heat ex- change nmeans (1) on the heat source side to

t he heat exchange ~means (3) on the application side; and a second check
valve  {fVahdoidlance RéDM deHel Medtheexdliange Poperatioandml thes heat

IK t he :!QUId refrigerant to flow fromthe heat exchange 15 neans (3) on
the applicaj] S| o] e i ce
side. Q&hf’e?hhggntsn (& I?ﬁl?&e%'ﬁ{t *ﬂﬁ?fﬁfﬂ'sthe réfyi §érahe Efléfn Ehler

> " us, In'a éorg e sixth to the ninth sol u-

i ons, spegifi rrangenents fo e refrigeran 0

be obtaingg}rfﬁeﬁfggrigg 9%i %é#%ﬁéo&i%?rég-%h%bq%%ﬁ% %%ﬁf%%agigéf%ﬁfsn
set in order to performthe heat ab- S ti unni . t he_heat

radi ati on ERBnRE§tosRCRENES, means ek%haﬂﬂe%alr‘?g’rit r %%nqthe)srh %F?Bg'? r&n

si de, and reliapilitg and practicality of the running operation can be
i nprove#l. covering thet mefrdgerasd finosh the et e¥chande eans (AlefH on
25 the first, second, third or fourth solution is adapted such

16 the application side to the second heat exchange section (1B)

on the heat source side during the first heat exchange opera-
tion of the heat source means (A), and supplying the refrig-
erant from the second heat exchange section (1B) on the heat

10 source side to the heat exchange means (3) on the application
side and recovering the refrigerant from the heat exchange
means (3) on the application side to the first heat exchange
section (1A) on the heat source side during fhe second heat
exchange operation of the heat source means (A).

15 In the eleventh solution, the refrigerant control means
(G) prevents the refrigerant from flowing while making the
heat source means (A) alternately perform the first heat ex-
change operation and the second heat exchange operation. As
a result, a heat exchange section on the heat source side for

20 supplying the refrigerant to the heat exchange means (3) on
the application side and a heat exchange section on the heat
source side for recovering the refrigerant from the heat ex-
change means (3) on the application side are alternately
switched. Consequently, the heat absorption running or the

25 heat radiation running of the heat exchange means (3) on the

19



that reservoir neans (20), which is connected in parallel to t he heat
exchange neans (1) on the heat source side and re- covers the liquid
refrigerant in the heat exchange neans (1) on the heat source side, is
further provided. 5 I n accordance with the tenth solution, the liquid
re- frigerant in the heat exchange neans (1) on the heat source

side can be reserved in the reservoir neans (20). Thus, the heat

exchange e&{aigﬁeaﬁxoﬁf sihe heapeexspaeaeconiaucslgn the heat source
side can be set at a high value, and the per- 10 formance of the entire
e

system can be iEBr%¥?%%d%ﬁ%§ witﬁr%ﬁﬁ GPuaThh sPtlidl), PsPveded meaithe

present inven- heat exchange neans on the heat source side is

con- stituyted by a plurality,aof . heat ger t e [N

to continu8§§ﬂ9n§§rFﬁ¥ﬁ$ﬁ§51°?agpgt#ﬁﬁﬁ%uﬁéﬁgggo% Sat™ A -Qﬁgéﬂgg%st%gﬁ
runni ng on the heat exchange means on the applica- tion side.. .
SpecificalF??rﬁﬁéréﬁFuFPoﬁanepﬁae§?°9?n9§a agge (3)r oo the ﬁ@ﬁi%ﬁ?&ﬂﬁﬁbe
section (1A) on a heat source side; at |east one second heat .exchange
sect i on5( 1Bjdenante ahdwtats erahang®) spefetommen hehe BRARaAGEIREaALIE3fWn an
application side. And, the solution further includes: a plurality
of gas rgtpeer(ifig, the rfefrigearact i igonppde divht cexchangespeansvd3)
heat exchange sections (1A, 1B) on the heat source side to an upper end
of the heappnexafanggpIesatién) sidet herapplternately?Switithedyndtheplhead! i ty

of liquid pipes (7a, 7b) for connecting
17 absorption running or the heat radiation running of the heat
exchange means (3) on the application side can be performed
10 continuously. As a result, performance and practicality of
the entire system can be improved.
In addition, since no special transport means for circu-
lating the refrigerant between the heat exchange sections
(1A, 1B) on the heat source side and the heat exchange means
15 (3) on the application side is necessary, the power consump-
tion can be reduced, the number of parts having such factors
as to cause some failure can also be reduced and the reli-
ability can be ensured for the entire system.
Moreover, the restriction on the positions where the
20 units are disposed can be alleviated, thereby attaining high
reliability and improving the universality thereof.
In the twelfth solution provided by the present inven-
tion, the eleventh solution is adapted such that, in perform-

ing the heat absorption running on the heat exchange means

25 (3) on the application side, the refrigerant control means

20



| ower ends of the respective heat exchange sections (1A, 1B) on the
heat source side to a lower end of the heat exchange means (3) on the
application side. Mor eover, the solution further includes heat
source 5 neans (A) for alternately performing a first heat exchange
operation for raising an internal pressure of the first heat exchange
section (1A) on the heat source side by applying heat to a refrigerant

inthe fi rﬁé?h%%t@f@sanmese&woreo&m&ions 08t t RechaasfsiyErmtsi dr ameé for
| owering an fnternal pressure 10 of the second heat exchange section (1B)
on the heat so%r.

second heaP?® l%%(?hah‘g%’i gg? iyggg% &@éggggﬁg%éai{ﬂégongi;P%@f%dﬁg tsl-'tlé-j’gond
noat exchaRBEPLRCR, biduish ToRELAETABN LE0M SEeuRdEo e AoY SAPPARESShon
fromthe refrigerant in the first heat ex: change, secti o 1A) on the
heat sour cbiendé1didomoitheyihgaty sourgesideer hgdte eEXUFEeoP‘e%ﬁe SOUL &
heat exchange section (1B) on the heat source side by applying heat to
the refsi gmeans ¢AJnt tion tiiee haetorrkchange xueange (3 cPRofhel BPPIACatd Meat
20 source side. I n addition, the solution further includes
refrigeranside th@oigh tRendig@idf pripeer (Ta)n agdhdst odsaver | 8n Jageousg or
refrigerant from the heat exchange means (3) on the applica-
tion side to the second heat exchange section (1B) on the
heat source side, heat of which is absorbed by the heat sour-

10 ce means (A), through the gas pipe (6b) during the first heat
exchange operation of the heat source means (A), and that the
refrigerant control means (G) switches the flow conditions of
the refrigerant in the gas pipes (éa, 6b) and the liquid
pipes (7a, 7b) so as to supply a liquid refrigerant from the

15 second heat exchange section (1B) on the heat source side,
heated by the heat source means (A), to the heat exchange
means (3) on the application side through the liquid pipe
(7b) and to recover a gaseous refrigerant from the heat ex-
change means (3) on the application side to the first heat

20 exchange section (1A) on the heat source side, heat of which
is absorbed by the heat source means (A), through the gas
pipe (6a) during the second heat exchange operation of the
heat source means (A).

In the twelfth solution, an operation of recovering the

25 gaseous refrigerant from the heat exchange means (3) on the
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heat radiation running on the heat exchange neans (3) on the

application side by switching flow conditions of the refrig- 25 erant in
the gas pipes (6a, 6b) and the liquid pipes (7a, 7b)

18 i n accordance with the heat exchange operation of the heat
source nmeans (A), thereby supplying the refrigerant fromthe first heat
exchange section (1A) on the heat source side to t he heat exchange

means (3) ggﬁat{ea@%&ﬂ %q%is)rfgz Idfe 8%%61% héaﬁ%ﬁ&haﬂgéh§ebe&bhgqrmt dd om

the heat e ange neans e application side to the second heat

Si;éﬂ?ﬂgi oFBea. %a(tfl B%%-ﬁch%? 33518 B e ST Cebt) 1 S S regiach e
10 Sour ce SFAB (et HOTRIANSA HJA RS RSP o1 9Bn  ERe. SRpFROABER Foukeie

and recovering the refrigerant fromthe heat exchange means, (3) on the
appl i cati ogided&ot dhehdgdt exchange @eange(3) °§e§?‘leoﬁPM-ﬁcFa&i-°cfh§'
source side during the second heat exchange operation of the heat
source Seaand(An opdération|aft receverdimgh the ugaseous hsefsigeganintfrom
control neans (G prevents the refrigerant fromflow ng while nmaking
the heghes idate dREéhangé) mehher @ el ynpehkorapplicdtiicnt sHidé &o- the
first heat exchange section (1A) on the heat source side
while supplying the liquid refrigerant from the second heat
exchange section (1B) on the heat source side to the heat ex-
10 change means (3) on the application side are alternately per-
formed. As a result, the heat absorption running of the heat
exchange means (3) on the application side is performed con-
tinuously.
Thus, in accordance with the twelfth solution, since the
15 operations of supplying the liquid refrigerant from one heat
exchange section (1A, 1B) on the heat source side to the heat
exchange means (3) on the application side and simultaneously
_recovering the gaseous refrigerant from the heat exchange
means (3) on the application side to the other heat exchange
20 section (1A, 1B) on the heat source side are alternately per-
formed, the heat absorption running of the heat exchange
means (3) on the application side can be performed continu-
ously. As a result, performance and practicality of the sys-

tem itself can be improved.

25 In the thirteenth solution provided by the present in-
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change operation and the second heat exchange operation. As a result,

heat exchange section on the heat source side for 20 supplying the

refrigerant to the heat exchange neans (3) on

a heat exchange section on the heat source side for recovering the

refrigerant fromthe heat ex-

t he application side and

change nmeans (3) on the application side

a

are alternately switched. Consequently, the heat absorption running or

19

the 25 hegbntf6hpt tAB eURYeRENOAIRNE ibRAl £)XEANIET NBIES éﬁatpnihhgerl-
n

application side is perfornmed continuously.

accordancef&ﬁfnér‘gléé' ﬁééSEtPaﬁ%ﬁib{)ﬂzéuﬁhﬁlﬁﬁeﬁnh%ﬁ% heateéﬁﬁgﬁﬁgesﬁx‘é%%n on

t he heat source

means (3)

means (3)

absor pt i on{®unfWigches: e ehlov agradiddongn Phgthe mefnigarant R kBgge
means (3) on the application side can be performed 10 continuously. As a

for supp rigerant to at  exc

yrng

on the application side are alternately switched, the heat

resul t,5pega®r pibes atlapr 8b)i cand t phef liquithepdpesr  7ayst B cathigreby
In addition, since no special transport neans for circu-

I mproved.

10

15

20

25

supplying a gaseous refrigerant from the first heat exchange
section (1A) on the heat source side, heated by the heat
source means (A), to the heat exchange means.(3) on the ap-
plication side through the gas pipe (6a) and recovering a
liquid refrigerant from the heat exchange means (3) on the
application side to the second heat exchange section (1B) on
the heat source side, heat of which is absorbed by the heat
source means (A), through the liquid pipe (7b) during the
first heat exchange operation of the heat source means (A),
and that the refrigerant control means (G) switches the flow
conditions of the refrigerant in the gas pipes (6a, 6b) and
the liquid pipes (7a, 7b), thereby supplying a gaseous re-

frigerant from the second heat exchange section (1B) on the

heat source side, heated by the heat source means (A), to the

heat exchange means (3) on the application side through the
gas pipe (6b) and recovering a liquid refrigerant from the
heat exchange means (3) on the application side io the first
heat exchange section (1A) on the heat source side, heat of
which is absorbed by the heat source means (A), through the

liquid pipe (7a) during the second heat exchange operation of
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lating the refrigerant between the heat exchange sections (1A, 1B) on
the heat source side and the heat exchange neans 15 (3) on the application

side is necessary, the power consunp- tion can be reduced, the nunber
of parts having such factors as to cause sone failure can al so be
reduced and the reli- ability can be ensured for the entire system

Moreover, the restriction on the positions where the 20 units are disposed

can be al g\ (ﬁhgdt sb%eifd’ebhe%tds’ﬂ('ﬂ)ng hi gh reliability and inproving the
t

universality er eof the twelfth solution provided by the

present |nvenlﬁa't I ﬁgg%L geﬁkﬁV%%&%€i|lﬂléHIbﬁﬁfgﬁ ?dd%“¥k5535r1ﬂ

perform sorption ranni‘n exchange nea 25
mean

b0 O ' "enePliqgg o 'rgﬁsgapﬁerﬁ”'g%%‘SFFP%ﬂ?%hmerla??vgexgat L
??Zthp?Zp&.@S@p%tii c%%#&%;&qq“' : fheb SesATh R s Changq eIy OFBL he
heat source side, heated by the heat source 5 neans (A), to the heat
exchande wmaftde( Beasn somacepsideamhide supplyeing g lgasrous qekriger- (7a)
and to recover a gaseous refrigerant fromthe heat exchange neans (3)
on the apphitCafrom the first heat exchange section (1A) on the heat
source side to the heat exchange means (3) on the application
side, and an operation of recovering the liquid refrigerant
from the heat exchange means (3) on the application side to
10 the first heat exchange section (1A) on the heat source side
while supplying the gaseous refrigerant from the second heat
exchange section (1B) on the heat source side to the heat ex-
change means (3) on the application side are alternately per-
formed. As a result, the heat radiation running of the heat
15 exchange means (3) on the application side is performed con-
tinuously.

Thus, in accordance with the thirteenth solution, since
the operations of supplyihg the gaseous refrigerant from one
heat exchange section (1A, 1B) on the heat source side to the

20 heat exchange means (3) on the application side and simulta-
neously recovering the liquid refrigerant from the heat ex-
change section (3) on the application side to the other heat
exchange section (1A, 1B) on the heat source side are alter-

nately performed, the heat radiation running of the heat ex-

25 change means (3) on the application side can be performed



tion side to the second heat exchange section (1B) on the heat source
side, heat of which is absorbed by the heat sour- 10 ce neans (A), through
the gas pipe (6b) during the first heat exchange operation of the heat
source nmeans (A), and that the refrigerant control neans (G swtches
the flow conditions of the refrigerant in the gas pipes (6a, 6b) and
the liquid pi pes (7a, 7b) so as to supply a liquid refrigerant fromthe

15 second HeRtifueHSTPE SaE | HNrédBlton peitoifdnceoWmE praeticalibpabed by
t he heat source neans (A), to the heat exchange means (3) on the

appllcatlogh? Qﬁ$£ﬁﬁ°ﬁ9§eifec£hqﬂédlﬂ PSveda. (7b) and to recover a gaseous
e

refrigerant at ex- chahge neans (3) on the application side

to the f t h t t

of uhich - i sonSBRnaouh et e P tORL pRBu B89 i pedehE, 1he
6 d th t tl f th t

Teans. (A). SuLos. e “Efevent f9%*@8?3?%&9%%833}*-ippoag edee‘ééaeﬁﬁﬁ "the

25 gaseous refrigerant fromthe heat exchange neans (3)

21 5 that eaghppfchhpohedtdexchange FAJHPIEe L Aa«cmhg@ns‘ébﬁ BRatip)

on the heat source side while supplying the liquid refrigerant
source side is constituted by connecting at least one first

heat exchanger (la) and at least one second heat exchanger
(1b) in parallel to each other.
And, in the heat exchange section (1A, 1B) on the heat
10 source side that receives heat from the heat source means (A)
during the heat absorption running of the heat exchange means
(3) on the application side, only the first heat exchanger
(la) is heated to raise an internal pressure of the first
heat exchanger (la) and the pressure is applied onto the sec-
15 ond heat exchanger (1b), thereby supplying a liquid refriger-
ant from the second heat exchanger (1b) to the heat exchange
ﬁeans (3) on the application side through the liquid pipe
(7).
In the fourteenth solution, the internal pressure of the
20 first heat exchanger (la) of the heat exchange section (13,
1B) on the heat source side that receives heat from the heat
source means (A) rises and the pressure is applied onto the
second heat exchanger (1b). As a result, the liquid refrig-
erant is supplied from the second heat exchanger {(1lb) to the

25 heat exchange means (3) on the application side. That is to



fromthe first heat exchange section (1A) on the heat source side to
the heat exchange means (3) on the application side, 5 and an operation of
recovering the gaseous refrigerant from t he heat exchange nmeans (3) on
the application side to the first heat exchange section (1A) on the
heat source side while supplying the liquid refrigerant fromthe second
heat exchange section (1B) on the heat source side to the heat ex- 10

change neagéyi3%h net PgraRBht CakbRANngLEe (A %bhétaﬁbe|ﬂrﬁvﬁng prebsured.
As a result,”the heat absorption running of the heat exchange neans (3)

on the applicatjon.side. i eryf L e _ ' i
accor dancekwg‘;t I’#lﬁlﬁeﬁé{]&kﬂ fﬁ%gso I @, ng@ﬁégefﬁétmli?]zgleisatlr%%% g?{ c?%?)%ley: Eg

the liquid refrigerant om one. heat .exchange section (1A, 1B) on the
heat sourc@egPﬁe?Sb ?HeLﬁﬁa?prlcagﬁﬂanﬁégﬁéans (3) on the application side

and si nmul t aneously recovering. the gaseous refrigerant.fromt heat
exchange nmedfs JCPOXSANGR yﬁgpi cehe o Foureanthy hﬁoi‘?{iépnhea‘?n@cﬁg’&e
20 section (1A, 1B) on the heat source side are alternately per-

f or med, st hihsht helador gxchbangenni(dag)of is hheaded Sehxadée thepdnpderpalyn

t he application side can be perfornmed continu- ously. As a result,
per f or mancpressupeacti thei first heatsgxchangererila)sentl the presspreyds
25 In the thirteenth solution provided by the present in-

22 applied onto the second heat exchanger (1b), thereby supply-

ing a liquid refrigerant from the second heat exchanger (1b)
to the heat exchange means (3) on the application side.

10 Thus, the first heat exchanger (la) can be made to generate
driving pressure for supplying the liquid refrigerant. BAs a
result, a refrigerant supply operation can be performed with
certainty while trying to reduce the heat gquantity to be ap-
plied to the heat exchanger (1a).

15 In the fifteenth solution provided by the present inven-
tion, the eleventh or the thirteenth solution is adapted such
that each of the heat exchange sections (1A, 1B) on the heat
source side is constituted by connecting at least one first
heat exchanger (la) and at least one second heat exchanger

20 (1b) in parallel to each other.

And, in the heat exchange section (1A, 1B) on the heat
source side, from which heat is extracted by the heat source
means (A) during the heat radiation running of the heat ex-
change means (3) on the application side, only the first heat

25 exchanger (la) is cooled to lower an internal pressure of the
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vention, the eleventh solution is adapted such that, in per- form ng
the heat radiation running on the heat .exchange neans (3) on the
application side, the refrigerant control neans (G switches the flow
conditions of the refrigerant in the 5 gas pipes (6a, 6b) and the liquid
pi pes (7a, 7b), thereby supplying a gaseous refrigerant fromthe first
heat exchange section (1A) on the heat source side, heated by the heat

source MeafsatAxch&ngbs bf&§ 8i1ahengepieaBtire3isoipplieedPonto thei gation
side through the gas pipe (6a) and recovering a 10 liquid refrigerant from

t he heat eéﬁﬁaﬂggfng?ﬁﬁaﬁﬁkrOQI Iﬁath |fégd4gkfﬂék%tQl&ﬁgdsggggqgheat

egchaggg Eec at source side, heat of which is

absor be th S ) r.ou I [

duri ng theX gf %ﬁj‘:&“ hfe}é? &%anéﬁal&%%éét P‘gnlﬁof gﬁ)e Eathggburqggﬂ%ggﬁi

15 and that ,the refrigerant control tches.the.f
condi ti onsSdfet k@ FRerhgatk gxchangge éig)p£ﬂé9uﬂ a%RGb}lSH&d Plp?hé79|qU|d
pi pes (7a, 7b), thereby supplying a gaseous re- frigerant from_the
second heat exchangbes§iftesnthasadutien, them%ﬂt%%nﬁ%ePgﬁﬁéurﬁeafeGhﬁy
the heat source nmeans (A), to the 20 heat exchange neans (3) on the

appl i cati ofisstiehehtoegichamger (Imp fpthetiheatnderxahanges i agechibngdild,
refrigerant fromthe heat exchange nmeans (3) on the application side to
the first 1p) bgathexabatgsouetd @idelAfwm tWieidicaheabulseextaactidabyof

which is absorbed by the heat source neans (A), through the
the heat source means (A), is lowered and the pressure is ap-
plied onto the second heat exchanger (1b). As a result, the

10 liquid refrigerant is recovered from the heat exchange means
(3) on. the application side to the second heat exchanger
(1b). That is to say, the first heat exchénger (la) gener-
ates driving pressure for recovering the liquid refrigérant
from the heat exchange means (3) on the application side.

15 In accordance with the fifteenth solution, heat 1is ab-
sorbed only from the first heat exchanger (la) to lower the
internal pressure of the first heat exchanger (la) and the
pressure is applied onto the second heat exchanger (1b),
thereby recovering a liquid refrigerant from the heat ex-

20 change means (3) on the application side to the second heat
exchanger (1b). Thus, the first heat exchanger (la) can be
made to generate driving pressure for recovering the liquid
refrigerant. As a result, a refrigerant recovery.operation

can be performed with certainty while trying to reduce the

25 heat quantity to be extracted from the heat exchanger (1a).
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25 liquid pipe (7a) during the second heat exchange operation of
23

t he heat source neans (A). In the thirteenth
sol ution, an operation of recovering the liquid refrigerant fromthe
heat exchange neans (3) on the application side to the second heat
exchange section (1B) 5 on the heat source side while supplying the
gaseous refriger- ant fromthe first heat exchange section (1A) on the
heat source side to pREEPEpESCKELENOR OPAPRE(BRAWINGSEe application
side, and an operation of recovering the liquid refrigerant fromthe
heat exchange 3 the L cathati Skhde t t ' to

" exchange sectig§f€§£§ %nq%hépﬁ%g¥gé%@r%282%§g 3 d%ﬂﬁ%%%iﬁﬁ%ﬁ@?ﬁ%éﬁﬁe t

gaseous refrjpgerant from.the .second . XC, g ect 1 -t he
heat sour c’éet?ﬂ%e’f%n{:hé’ltfecéilt& 1 h‘-'(;ergéangfé']r:srfgans 3?1‘%” %%ggg%pﬁnggta 'on
side are alternately per- formed. As a result, the heat radiation
runni ng ofM€MeSheat 15 exchange neans (3) on the application side is

per formed con- ti nuously. . Thus, in accordance with the
thirteefth sol Figaresi2ncks a dipgrsger SReWHRIoR RRFARAY + Refgigesaat
refrigerant from one heat exchange section (1A, 1B) on the heat source
side to theircuit in the third embodiment.

Figure 3 is a diagram corresponding to Figure 2 in the
fourth embodiment.
Figure 4 is a diagram corresponding to Figure 2 in the
10 fifth embodiment.
Figure 5 is a diagram corresponding to Figure 2 in the
sixth embodiment.
Figure 6 is a diagram showing a part of a secondary re-
frigerant circuit in the seventh embodiment.
15 Figure 7 is a diagram showing the entire secondary re-
frigerant circuit in the seventh embodiment.
Figure 8 is a diagram corresponding to Figure 6 in the
eighth embodiment.
Figure 9 is a diagram corresponding to Figure 7 in the
20 eighth embodiment.
Figure 10 is a diagram corresponding to Figure 6 in the
ninth embodiment.
Figure 11 is a diagram corresponding to Figure 6 in a
variant of the ninth embodiment.

25 Figure 12 is a diagram corresponding to Figure 7 in the
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20 heat exchange neans (3) on the application side and sinmulta- neously
recovering the liquid refrigerant fromthe heat ex- change section (3)
on the application side to the other heat exchange section (1A, 1B) on
the heat source side are alter- nately perforned, the heat radiation
runni ng of the heat ex- 25 change neans (3) on the application side can be
per f or med 24 conti nuously.
As a resulienie’dpbd@ieenend practicality of the systemitself can be

I nproved. In the fourteenth solution provided by the present in-

vention, the e'tﬁi’ & p§ fhe,t ﬁk&%ﬁ@(ﬁﬁdnﬁﬁgﬁm&@% P ihatneach

of the heat exchange sections heat source side is
constituted by connecti at | east one first heat exchanger (la) and at
| east one %i% ﬁﬁt%eﬁmb%ag%%ﬂ er (1b) in parallel to each other.

And, in the heat exchange section (1A, 1B) on the&%ﬁ?t 10 spurce side that
recei ves heat fFHg9¥@elficdf Soitadramnshpyyng a '%ﬁ)??@fh%%trgﬂgﬁﬁgtion
runni ng of the heat exchange neans (3) on the application side, only
the first ¢eaditkemahgethe eleventhsempadé@ent-raise an internal pressure
of the first heat exchanger (1a) and the pressure is applied onto the
sec- Figure 15 is a diagram showing a second cooling running

condition in the eleventh embodiment.

Figure 16 is a diagram showing a first heating running
condition in the eleventh embodiment.

10 Figure 17 is a diagram showing a second heating running
condition in the eleventh embodiment.

Figure 18 is a diagram corresponding to Figure 7 in the
twelfth embodiment.

Figure 19 'is a diagram corresponding to Figure 1 and

15 showing a cooling running condition in the thirteenth embodi-
ment.

Figure 20 is a diagram corresponding to Figure 1 and
showing a heating running condition in the thirteenth embodi-
ment.

20 Figure 21 is a diagram showing a cooling running condi-
tion in the fourteenth embodiment.

Figure 22 is a diagram showing a heating running condi-

tion in the fourteenth embodiment.
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15 ond heat exchanger (1b), thereby supplying a liquid refriger- ant

fromthe second heat exchanger (1lb) to the heat exchange means (3) on
the application side through the liquid pipe (7). In the
fourteenth solution, the internal pressure of the 20 first heat exchanger
(1a) of the heat exchange section (1A 1B) on the heat source side that
recei ves heat fromthe heat source neans (A) rises and the pressure is
applied onto the BESTOMODES FORS CARRYING OUD THES mwvEdion the liquid
refrig- erant is supplied fromthe second heat exchanger (1b) to the

25 heat exchangge FReSrkeR OBmBBﬁiﬁBHJtEC"Hf Ofhs! Peeslid! irﬁrér&dion.wéll

25 say, the first heat exchanger (Fa) generates drivin
pressure Yi t L.gui friaer fo the heat_ exchan
Teans (3) 25 SRoSHRR hulfy PeralOhbe £8 thdldthvirie C A et [0R Ehe
fourteenth solutio only the 5 first heat exchanger , Ig) IS heated to
rai se the ?’éﬁﬁjﬁ%ﬁl&s' sy Fﬁérﬁﬂeﬂa%a@gﬁ&léﬁ er 1p¢ANAARG t Ae
pressure is | applied onto the second heat exchanger (Ib), thereby
suppl y-5 PIIWarys refxigerantgiranitf apdh ahseaasiarhaeivigeraniercirh)
to the heat exchange neans (3) on the application side.
cuit is provided, a refrigerant is circulated in the secon-
dary refrigerant circuit by utilizing heat quantity applied
from the primary refrigerant circuit to the secondary refrig-
erant circuit. And, in each of the embodiments, the present
10 invention is applied to refrigerant circuitry for an air con-

ditioning system for conditioning the indoor air by circulat-

ing the refrigerant.

{First Embodiment)
15 First, the first embodiment will be described with ref-
erence to Figure 1.

This embodiment is applied to an air conditioning system
exclusively used for cooling. Figure 1 shows the entire re-
frigerant circuitry as a heat transport system of this em-

20 bodiment. As shown in Figure 1, this refrigerant circuitry
is constructed such that a refrigerant in a primary refriger-
ant circuit (A) functioning as heat source means exchanges
heat with a refrigerant in a secondary refrigerant circuit
(B).

25 First, the secondary refrigerant circuit (B) for cooling
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10 Thus, the first heat exchanger (la) can be nade to generate driving

pressure for supplying the liquid refrigerant. As a result, a
refrigerant supply operation can be perforned with certainty while
trying to reduce the heat quantity to be ap- plied to the heat
exchanger (la). 15 In the fifteenth solution provided by the present
I nven- tion, the eleventh or the thirteenth solution is adapted such
that each ehe HdeRAt 84CHNEKAREIGIAP Heldts wibh Gthd Nendsd air wOLI Be
side is constituted by connecting at l|least one first heat exchanger

(1a) and a gﬁg% e second heat exchanger 20 (1b) in parallel to each
ot her. el %§1 I n the heat exchange section (1A, 1B) on the heat

id whi_ch h d b A
uri ng the. heat TS, AEPBRARERn FEELISTRRhe GRALE ~ (B3nahic SRRFEEIGohn

the application side, only the first heat 25 exchanger (la), is cooled to
| ower an i Sushnib a&&%u}‘ QAr thgat exchanger (3) disposed in a room tg

heat exchanger (1a) and the pressure is applied onto the sec- ond heat
exchangér Pgbﬁlwwlr@@sﬁeﬁ meat | egohangef mpgns on &hentappligatiiomeat
exchange nmeans (3) on the application side to the heat exchanger (1b)
t hrough t heidequant paphe@t) .exchanger (1) on the secondary heat source

side functioning as heat exchange means on the heat source

side for exchanging heat with the primary refrigerant circuit

(A) are connected through a gas pipe (6) and a liquid pipe

10 (7), and is formed as a closed circuit in which a refrigerant

circulates. The gas pipe (6) is connected to the upper parts

of the indoor heat exchanger (3) and the heat exchanger (1)

on the secondary heat source side, and the liquid pipe (7) is

connected to the lower parts of the indoor heat exchanger (3)

15 and the heat exchanger (1) on the secondary heat source side.

A first solenoid valve (SV1l) and a second solenoid valve

(SV2) are provided for the gas pipe (6) and the liquid pipe

(7), respectively. An indoor electrically motorized expan-

sion valve (EV1l) is provided for the liquid pipe (7) between

20 the indoor heat exchanger (3) and the second solenoid valve

(Sv2). Refrigerant control means (G) is constituted by the
respective solenoid valves (SV1, SvV2).

Next, the primary refrigerant circuit (A) functioning as

heat source means for applying heat quantity to the secondary

25 refrigerant circuit (B) will be described.
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5 In the fifteenth solution, the internal pressure of the first
heat exchanger (la) of the heat exchange section (1A, 1B) on the heat
source side, fromwhich heat is extracted by t he heat source neans (A),
is lowered and the pressure is ap- plied onto the second heat exchanger
(1b). As a result, the 10 Iliquid refrigerant is recovered fromthe heat
exchange neans (3) on the application side to the second heat exchanger

(1b). That is tphéaypr i iféfri@éfaﬁ%?&&&%&t('@z\% g§Belconstrid®sd dbkyVvi ng
pressure for recovering the liquid refrigerant romthe heat exchange

3 ¥ : e :

;nie??Zegt% gg?%%%l?ahé;tﬁblinggggégg ugr’bgd fodn y-ﬁ rom-t ﬂee§¥$é€téle:¥alve
h I h [ I f,the fi h

xchanger {12)7 afE (HEFASSE peat "oRiiglt T134Y dhd | 8° nedf goRERenger

exchanger (1b), thereby recovering a liquid refrigerant fromthe heat
ex- 20 ch&hﬁé R ahBe( Bflﬂﬁri’héeéﬁprng‘éﬁeoﬁlé%et‘t oe%‘%é Qekehdthegngh a

exchanger (1b). Thus, the first heat exchanger (la) can be made to
gener at® dfrefxigemrtspiper dl6lecovBhbenprimary giekrigerands reeewk. (A)s a
result, a refrigerant recovery operation can be perfornmed with
certainty idiswitchedginocaceondentdewith that sgitohihy opebatishr eft hef r om
t he heat exchanger (la). 27
four-position selector valve (22) between a state where the
outdoor heat exchanger (14) is connected to the outlet side
of the éompressor {11) and the heat exchanger (12) on the
10 primary heat source side is connected to the inlet side of
the compressor (11) (i.e., the state indicated by solid lines
in Figure 1) and a state where the outdoor heat exchanger
(14) is connected to the inlet side of the compressor (11)
and the heat exchanger (12) on the primary heat source side
15 1is connected to the outlet side of the compressor (11) (i.e.,
the state indicated by broken lines in Figure 1). A first
and a second outdoor electrically motorized expansion valve
(EV2, EV3) are provided between the outdoor heat exchanger
(14) and the heat exchanger (12) on the primary heat source
20 side.
The opening/closing states of the respective solenoid
valves (SV1, 8Vv2), the electrically motorized expansion
valves (EV1l, EV2, EV3) and the four-position selector valve

(22) are controlled by a controller (C).

25 Next, the cooling running operations of the primary re-
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BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a diagramshowi ng a
general arrangenent of refrigerant circuitry in the first and the
second enbodi - ments. 5 Figure 2 is a diagram showi ng a secondary
refrigerant circuit in the third enbodi nent. Figure 3is a

di agram corresponding to Figure 2 in the fourth enbodi nent.

Figure 4 is a diagramcorresponding to Figure 2 in the 10 fifth

embodi ment frigerant Jirdit S(Af Andi AHABEBROFPP NSRS ihorEh8Ud réditt t he
si xt h enbodi nent . Figure 6 is a diagram showi ng a part of a

secondary re- .. .--friger .cirrcuit in the seventh enbodi nent. 15
Figure 7 iégé gﬁ&&rgﬁlg g%%ﬁ%egﬁe entire secondary re- frigerant

circuit in the seventh enbodj pent. . . Fiqgure is,a diagram ...
cor r espondi ng tgﬁﬁpgﬁh?fF?éa%m% r“nnéPthﬁeﬁﬁﬁﬁﬁ htihe ouL-posItHoR g

I's a diagram corresponding to Figure 7 in the 20 eighth enbodi nent..
Fi gure 10 Belgctipigvadveor(22pckdi fitrse svitehed tR diregtiop indi-
enbodi ment . Figure 11 is a diagramcorresponding to Figure 6 in a
var i ant 5of catednbyt lthentsediinkernktiness the firgtroutdops gleciyigmlly mo-
corresponding to Figure 7 in the
torized expansion valve (EV2) is fully opened and the opening
degree of the second outdoor electrically motorized expansion
valve (EV3) is adjusted at a predetermined degree in the pri-
mary refrigerant circuit (A). On the other hand, in the sec-
10 ondary refrigerant circuit (B), the first solenoid valve
(Svl) is opened and the second solenoid valve (8V2) is
closed.
In such a state, the compressor (11) is driven. Then,
in the primary refrigerant circuit (A) as indicated by the
15 solid-line arrows in Figure 1, a high-temperature, high-
pressure gaseous refrigerant discharged from the compressor
(11) exchanges heat with the outdoor air in the outdoor heat
exchanger (14) and is condensed. The pressure of the refrig-
erant is reduced in the second electrically motorized expan-
20 sion valve (EV3). The refrigerant exchanges heat in the heat
exchanger (12) on the primary heat source side with the heat
exchanger (1) on the secondary heat source side. And the re-
frigerant extracts heat from the refrigerant in the heat ex-

changer (1) on the secondary heat source side and is

25 evaporated to return to the compressor (1ll). This circula-
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28 tenth enbodi nment. Figure 13 is a diagram

corresponding to Figure 1 in the - el event h enbodi nent. Fi gure
14 is a diagramshowing a first cooling running 5 condition in the

el event h enbodi nent. Figure 15 is a diagram show ng a second
cool i ng running condition in the el eventh enbodi nent. Fi gure
16 is a diagram showing a first heating running condition in the

el eventh eghed Bperatidd is repedted.l7 is a diagramshowing a second
heating runni ng condition in the el eventh enbodi nent. Fi gure
18 is a di agranmpgo S AL r L&
Figure 19 is angﬁagﬁghlcorﬁggg%n H%Hfghélgggéﬁgangr%¥Elgggﬁgﬁgqg'cooging
runni ng co |t| t hirteent ment . Fiqure 20 is
a diagran1 ?Ve Hﬂ?ﬁﬁ%ﬁnﬁ?rkﬁéﬁheat ?ﬁ%&?ﬂgeﬁ ﬁéét°ﬁg % Fo-
condition in the thlrteenth enbodi - ure 21 is

di agr am sh8&F¥g heato QTS FHi®g EBﬁdPﬁat °§|Yﬁﬂ?m Fﬂ% %@&Pté@ﬁFWCted

enbodi nent .
5 Dbecause of the heat exchange with the heat exchanger (12) on

the primary heat source side, is condensed. As a result, the
internal pressure of the heat exchanger (1) on the secondary
heat source side falls. Owing to a difference in pressure
between the heat exchanger (1) on the secondary heat source
10 side and the indoor heat exchanger (3), the gaseous refriger-
ant in the indoor heat exchanger (3) is recovered into the
heat exchanger (1) on the secondary heat source side through
the gas pipe (6). The gaseous refrigerant recovered into the
_heat exchanger (1) on the secondary heat source side is
15 cooled by the refrigerant flowing through the heat exchanger
(12) on the primary heat source side so as to be a liquid re-
frigerant, which is reserved in the heat exchanger (1) on the
secondary heat source side.
After this operation has been performed, a switching op-
20 eration is performed in each of the refrigerant circuits (A,
B). The four-position selector valve (22) is switched to the
direction indicated by the broken lines, the second outdoor
electrically motorized expansion valve (EV3) is fully opened
and the opening degree of the first outdoor electrically mo-

25 torized expansion valve (EV2) is adjusted at a predetermined

34



Figure 22 is a diagram showi ng a heating running condi - tion in the
fourteenth enbodi nent . 29

BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Herei nafter, enbodi nents
of the present invention will be described with reference to the

drawi ngs. In each of the enbodi nents, two-systemrefrigerant circuitry
I ncl udi ng a 5 primary refrigerant circuit and a secondary refrigerant

cir- Cdegreé. ProMi €Rd, ofhegl hafla) abhe FiektCpbakadidnvalloes¢svl) is
dary refrigefant circuit by utilizing heat quantity applied fromthe

pri mary 1 etibgehhaCthE bbobRa! B618R69019YvEC VS is ofeABA.CITCUIL.

And, in eac enbodl nent s, e present 10 invention is applied to

refrigerant cirgcuitry for.,an air N- .+ i ti Qhis SH &9 copditianin
t he i ndoor air'g§ Ei%EEQit' i Fﬁ% Pﬁ%mﬁggr%§§%£§§ %éﬁ%ﬁteﬂ5 a8 N9
Enbodi ment 15 Fi i ' i ' i

ref - | ne%gﬁégaygdpﬁgtpéﬁq.gggk&hii&ngngggkﬁgptixn Eggged%ﬁfréggdhﬁbhn

5 temperature, high-pressure gaseous refrigerant discharged
from the compressor (11) exchanges heat in the heat exchanger
(12) on the primary heat source side with the heat exchanger
(1) on the secondary heat source side and is condensed while
applying heat to the refrigerant in the heat exchanger (1) on

10 the secondary heat source side. ' Thereafter, the pressure of
the refrigerant is reduced in the first outdoor electrically
motorized expansion valve (EV2). The refrigerant exchanges
heat with the outdoor air in the outdoor heat exchanger (14)
and is evaporated to return to the compressor (11). This

15 circulation operation is repeated.

Oon the other hand, in the secondary refrigerant circuit
(B), a part of the refrigerant in the heat exchanger (1) on
the secondary heat source side, to which heat has been ap-
plied because of the heat exchange with the heat exchanger

20 (12) on the primary heat source side, is evaporated. As a
result, fhe internal pressure of the heat exchanger (1) on
the secondary heat source side rises. Owing to a difference
in pressures between the heat exchanger (1) on the secondary
heat source side and the indoor heat exchanger_(3), the lig-

25 uid refrigerant in the heat exchanger (1) on the secondary
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This enbodinment is applied to an air conditioning system excl usively

used for cooling. Figure 1 shows the entire re- frigerant circuitry as
a heat transport systemof this em 20 bodinent. As shown in Figure 1
this refrigerant circuitry is constructed such that a refrigerant in a
primary refriger- ant circuit (A) functioning as heat source neans
exchanges heat mﬁth a refrigerant in a secondary refrigerant circuit
(B) - 25 neat Bolitte 'dYuSCLONBALHCUCIETHAC Y ThiréY! ?aﬁc@ d©' th8Ohiat
30 air y exchangln eat wth the 1 ndoor air wll

ggnstrug'?;%{‘égangﬁfh(?‘ﬁafm % Seco"%f& é‘xc% %’S‘g‘?ﬂ%% %:osc')%{é )Fhaalpc_)om
2nd a heat SRRENBEGE: PIDHAIThe (236dHIHIPeERes ddad Ble dMinct T8 ng
as heat exchange neans on the heat source side for exchan ng heat with
the primarpressurgecdnt ther duiquid refiyigesastnmughed t ArsAgH q‘eﬁg&§dﬁpﬁe
(6) and a liquid pipe 10 (7), and is forned as a closed circuit in which
a refrigerheat exchhngetaﬁas.iﬁhaqﬁnch;ﬁn(Eneiind@uneeledtricahéyupper
parts torized expansion valve (EVl1l). Thereafter, the liquid re-
frigerant exchanges heat with the indoor air in the indoor
heat exchanger (3) and is evaporated, thereby cooling the in-
door air.

10 The switching operations are alternately performed in
the respective refrigerant circuits (A, B) in the above-
described manner. The refrigerant circulates in the refrig-
erant circuit (B), thereby cooling the indoor air.

Thus, in this embodiment, heat can be transported in the

15 secondary refrigerant circuit (B) without providing any driv-
ing source such as a pump for the secondary refrigerant cir-
cuit (B). This makes it possible to reduce the power
consumption and the number of parts having such factors as to
cause some failure, thereby ensuring reliability for the en-

20 tire system.

In addition, since the restriction on the positions at
which units are disposed can be alleviated, high reliability
and universality can be attained.

Moreover, since the heat absorption and radiation opera-

25 tions are performed stably in the secondary refrigerant cir-
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of the indoor heat exchanger (3) and the heat exchanger (1) on the
secondary heat source side, and the liquid pipe (7) is connected to the
| ower parts of the indoor heat exchanger (3) 15 and the heat exchanger (1)
on the secondary heat source side. A first solenoid valve (SV1)
and a second sol enoid val ve (SV2) are provided for the gas pipe (6) and
the liquid pipe (7), respectively. An indoor electrically notorized

expan- cHion(Wp V& £&FE)gébait Odaﬁleﬂef@mt:hﬁatéaubdtﬂisﬂscéaﬂmgt soen 20
t he i ndoor heat exchanger (3) and the second sol enoid val ve (SV2).

Ref ri ger anfp&pnhel m&%%ﬁgﬁ&%ﬂt e&'ifaq@f &, 1£SpEEhbYe (1%3' gnoi d

val ves (SV1, SV2). e primary refr nt circuit

oo or e g1z dS2ia Ul LEUTRISCAON S ORPLY. Doy 168! ofHAPLLRY 1O the

secondary rigerant ciTcul escr

31 The primary refrigerant circuit (A) is constructed by
connecting a conpressor (11), a four-position selector valve (22), an
out door_ heat exchanger (14) and a heat exchanger (12) on the primary
heat sdhrd§%ﬁQR9tﬁéhﬁﬁ#m%ﬂ%kr through a 5 refrigerant pipe (16). The
primary refrigerant circuit (A IS switched in accordance with the
swi t chi ng oper Bexginfftieér, the second embodiment of the present inven-

tion will be described.
The circuitry of this embodiment has the same configura-
tion as that of the first embodiment described above, and im-~
10 plements an air conditioning system exclusively used for
heating.
Hereinafter, the heating running operation of this em-
bodiment will be described with reference to Figure 1.
When the heating running is started, the four-position
15 selector valve (22) is first switched to the direction indi-
cated by the solid lines, the first outdoor electrically mo-
torized expansion valve (EV2) is fully opened and the opening
degree of the second outdoor electrically motorized expansion
valve (EV3) is adjusted at a predetermined degree in the pri-
20 mary refrigerant circuit (A). On the other hand, in the sec-
ondary refrigerant circuit (B), the first solenoid valve
(SV1l) 1is closed and the second solenoid valve (SV2) is .
opened.
Then, in the primary refrigerant circuit (A) as indicat-

25 ed by the solid-line arrows in Figure 1, the high~-
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four-position selector valve (22) between a state where the out door
heat exchanger (14) is connected to the outlet side of the conpressor
(11) and the heat exchanger (12) on the 10 prinmary heat source side is
connected to the inlet side of the conpressor (11) (i.e., the state
I ndicated by solid lines in Figure 1) and a state where the outdoor
heat exchanger (14) is connected to the inlet side of the conpressor

(11) aﬁdmplaEahaaé examgnggr:eééa):eonghbeoﬂsl n&éfrh@%&amur aqSéhﬁ&geES i's
connected to the outlet si t he conpressor (11) (i the state

| ndi cat ed ?i‘oﬂrﬁﬁéncb ﬂfésé&r':gﬂfé/ef.é) coﬁﬂg?ﬁvé 1gvgflgdoﬂt3889”§e§'é dgor

electrically notorlze expansi are provi betmeen
b mary. heGPaBatF cLi30 orhgreatter, Uy BeegRRe BE ShN rertAbetogt on
respective sql enqid val ves (SV1, SV2 the elecfrically notorized
expgn5|on 8 vad § 1SQ9$PJ Qﬁk&Q}%Yf@Rﬁ°5b%?@lSﬁ%éﬁﬁéEPoVaQXFVe
(22) are controlled by controller (O Next, the cooling running

oper at i ¥ns(BY3} he FhenEefrigerant exchénges heat in the heat exchanger
frigerant circuit (A and the secondary refrigerant circuit
(12) on the primary heat source side with the heat exchanger
(1) on the secondary heat source side and is évaporated to
return to the compressor (11). This circulation operation is
repeated.

10 On the other hand, in the secondary refrigerant circuit
(B), the refrigerant in the heat exchanger (1) on the secon-
dary heat source side, the heat of which has been extracted
because of the heat exchange with the heat exchanger (12) on
the primary heat source side, is condensed as indicated by

15 the one-dot-chain arrows. As a result, the internal pressure
of the heat exchanger (1) on the secondary heat source side
falls. Owing to a difference in pressures between the heat
exchanger (1) on the secondary heat source side and the in-
door heat exchanger (3), the liquid refrigerant in the indoor

20 heat exchanger (3) is recovered into the heat exchanger (1)
on the secondary heat source side through the liquid pipe
(7).

After this operation has been performed, switching op-
erations are performed in the respective refrigerant circuits

25 (A, B). The four-position selector valve (22) is switched to
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(B) will be described. When the cooling running is started, the

four-position sel ector valve (22) is first switched to the direction
indi- 5 cated by the solid lines, the first outdoor electrically no-
torized expansion valve (EV2) is fully opened and the opening degree of
the second outdoor electrically notorized expansion valve (EV3) is

adj usted at a predeterm ned degree in the pri- mary refrigerant circuit
(A). On they,

ﬁ%ﬁsgﬂggﬁx\}e &Hd&t’:?g\é;%c by LB Ren el 1h86] abheCkkebnl olft)-

Egsggirst sogeP0| ; i's opened and the second sol enoid val ve
IS closed., . I a slate,. r '
?L i vegs Tﬁggr| .es.leqtrpﬁf\ell& i Wg{f]?%#g?crii geran lccH] %??G?Aﬁ%?g)i ﬁ]%léz:zﬂugdl Yby
e solid-line arrows in Figure 1, a high-tenperature, .high- .
pressure gaPresgd ﬁ&@ﬂﬁﬁﬁeﬁ@eﬂ+g%h ?gﬁaefPﬁﬁn?ﬁéngﬁ%¥e8§89°° i
exchanges heat with the outdoor air in_the outdoor heat exchanqgr (14)
and is condeddpdmotrhzigedseypangionn¥alyer (EV2) iscagjusted ab LS99 he
second electrically notorized expan- 20 sion valve (EV3). The refrigerant
exchangss tezhminedt Hegireet. On thehather hamd,omhendigsitmmolenedd #
side with the heat exchanger (1) on the secondary heat source side. And
the re- (stnigeigntopeiiédciandieahe r secohd rsblegeidnivalvehe(SER)Y ebs
changer (1) on the secondary heat source side and is 25 -evaporated to

ggturn to Lhesegmpressor (11). This circul a-

Then, in the primary refrigerant circuit (A) as indicat-

ed by the broken-line arrows, the high-temperature, high-

10 pressure gaseous refrigerant discharged from the compressor

(11) is condensed in the heat exchanger (12) on the primary

heat source side. Thereafter, the pressure of the refriger-

ant is reduced in the first electrically motorized expansion

valve (EV2). The refrigerant is evaporated in the outdoor

15 heat exchanger (14) and then return to the compressor (11}).
This circulation operation is repeated.

on the other hand, in the secondary refrigerant circuit

(B) as indicated by the two-dot-chain arrows, the refrigerant

in the heat exchanger (1) on the secondary heat source side,

20 to which heat has been applied because of the heat exchange

with the heat exchanger (12) on the primary heat source side,

is evaporated. As a result, the internal pressure of the

heat exchanger (1) on the secondary heat source side rises.

Owing to a difference in pressures between the heat exchanger

25 (1) on the secondary heat source side and the indoor heat ex-
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tion operation is repeated. On the other hand, in the secondary
refrigerant circuit (B), the refrigerant in the heat exchanger (1) on
t he secon- dary heat source side, the heat of which has been extracted
5 because of the heat exchange with the heat exchanger (12) on t he
primary heat source side, is condensed. As a result, the I nt erna
pressure of the heat exchanger (1) on the secondary heat source side

falls. O"Eﬂgngﬁﬁa (@)l SRDCGakBolEC SR Bl geralEt YRERH endSB! eXchaRYRar

(1) on the sec ary 'Heat sodrce 10 side and the indoor heat exchanger
(3), the gaseous refriger.- amnt _i.n %§%' d hgat éﬁg%fﬂgfrffgh the
recovered ?i$o° (ﬁie g%%%Pd%§gh§%§§ % éé:?géesg%on eat source side
t hr ough t he gas pi 6). Th aseous refrijgerant, .rec Lot e
heat exchaRBBET( %)aré"n ‘f’ﬁe{’éécaﬁﬁg% n%%’ﬂr&g sPle RS gégégg?gg g‘f%tqhe
refrigerant flow ng through the heat exchanger (&ﬁs OH t he pr'nagy heat
sour ce si deourcessidepsos tegingaaxr heat reXehanger (A ch F9u995§h$b 45
t he heat exchanger (1) on the secondary heat source side. )
After thisphpergi6)an hFhereaftperf dcheedgageonst giefiniggrantosepplied te
performed in each of the refrigerant circuits (A B). The four-position
sel ector vgh#einddpri heati eXetdrger 3) exchamges cheatdwithedhiy indoor
broken lines, the second outdoor el ectrically notorized expansion val ve
(EV3) is fyk}yiAren&dindoor heat exchanger (3) and is condensed, there-
by heating the indoor air.
The switching operations are alternately performed in
10 the respective refrigerant circuits (A, B) in the above-
described manner, whereby the refrigerant circulates in the
secondary refrigerant circuit (B) and the indoor air is
heated. That is to say, even during this heating running,
heat can be transported in the secondary refrigerant circuit

15 (B) without providing any driving source such as a pump for

the secondary refrigerant circuit (B).

(Vvariants of Secondary Refrigerant Circuit)
In the following third to twelfth embodiments, variants
20 of the secondary refrigerant circuit (B), which can be com-
bined with the primary refrigerant circuit (A) described

above, will be described.

(Third Embodiment)

25 The secondary refrigérant circuit (B) of this embodiment
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and the opening degree of the first outdoor electrically m- 25 torized
expansi on valve (EV2) is adjusted at a predeterm ned

a

34 degree. On the other hand, the first sol enoid valve (SV1)
S closed and the second sol enoid valve (SV2) is opened. As
result, in the primary refrigerant circuit (A) as I ndi cated by the

broken-line arrows in Figure 1, the high- 5 tenperature, high-pressure

gaseous reiﬁéﬂﬁﬂ
in the heat exchanger

heat exchap

088 gp g8, i gie S s eenmifrn g0 g ppgnased

whi | e

on the primary heat source side with the

t he secondaré heat source side. ngreafter Iheifres
S

refri geran®

e 6% thaSerpbiasy: perridSditoaiFSutt (p) F¥r g0

ast &ieﬂba?%g?es (E7eN 2 FORBReRAr 6 1)tIRXCBAN@AGiAeat

10

expansi on valve (EV2). _The refrigerant exchanges heat _~wi th the outdoor

air in theablteepdikieapingcRYalen exglusivedyqusedo$QrorPddP8s return to

t he conpressor (11). This 15 circulation operation is repeated.
On the ®ther haBbe secohdarycoefaigerenti girswitei(Bouiwill be gescxribed. of
the refrigerant in the heat exchanger (1) on t he secondary heat source
si de, to whécshdwmtibaRiduees 2p-a check valve (CV1l) allowing only a gas-

10

15

20

25

eous refrigerant to flow from the indoor heat exchanger (3) to
the heat exchanger (1) on the secondary heat source side is
provided for the gas pipe (6) and a check valve (CV2) allowing
only a liquid refrigerant to flow from the heat exchanger (1)
on the secondary heat source side to the indoor heat exchanger
(3) is provided for the liquid pipe (7).

During the cooling running of this embodiment, the opera-
tions of switching the four-position selector valve (22) and
the electrically motorized expansion valves (EV2Z, EV3) are
performed in the primary refrigerant circuit (A) in the same
way as in the first embodiment described above. The refriger-
ant circulates in the secondary refrigerant circuit (B) owing
to a pressure difference, which is caused between the heat ex-
changer (1) on the secondary heat source side and the indoor
heat exchanger (3) in accordance with them (see the solid-line
and broken-line arrows shown in Figure 2).

Also, in this embodiment, no solenoid valves are provided
for the secondary refrigerant circuit (B). That is to say,

only by performing the operations of switching the four-
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plied because of the heat exchange wi th the heat exchanger 20 (12) on the
primary heat source side, is evaporated. As a result, the internal
pressure of the heat exchanger (1) on t he secondary heat source side
rises. OMng to a difference i n pressures between the heat exchanger
(1) on the secondary heat source side and the indoor heat exchanger

(3), the lig- 25 uid refrigerant in the heat exchanger (1) on the

secondaryug%s%t%on selector valve g%2¥ and R electrically @¥orseedce
side is p e romthe [ower part he heat exchanger (1) on the

The i qut SRPRRS T valvet (RE, B, Tn e My ﬁ?ﬁ%*%?%n@%&?ﬁ@“g“

into the indoor 5 heat exchan E% i s redquced i e_i ndoar. eIe al
-t ofRYedthe pAREFSRCTARY LR ELRP. SEPRBRALY, EPETLAETRRY CiTFRL (B) )
frigerant exchanges heat wth the indoor air in the indoor heat
exchanger }S)czmmnl%FQWaporated, thereby cooling the in- - door air. 10
The switching operations are alternately perforned in t he respective
refrigesant circuits (A B) in the above- descri bed manner. The
refrigerant circulates in the refrig- erant circuit (B), thereby
cooling therbRfERI EAb6d iment )
The secondary refrigerant circuit (B) of this embodiment

includes check valves instead of the solenoid valves (SV1,

Sv2) of the second embodiment described above, and consti-

10 tutes a secondary refrigerant circuit (B) for an air condi-
tioning system exclusively used for heating.

The secondary refrigerant circuit (B) will be described.
As shown in Figure 3, a check valve (Cv3) allowing only a gas-
eous refrigerant to flow from the heat exchanger (1) on the

15 secondary heat source side to the indoor heat exchanger (3) is
provided for the gas pipe (6) and a check valve (CV4) allowing
only a liquid refrigerant to flow from the indoor heat ex-
changer (3) to the heat exchanger (1) on the secondary heat
source side is provided for the liquid pipe (7).

20 During the heating running of this embodiment, the opera-
tions of switching the four-position selector valve (22) and
the electrically motorized expansion valves (EV2, EV3) are
performed in the primary refrigerant circuit (A) in the same

way as in the second embodiment described above. The refrig~

25 erant circulates in the secondary refrigerant circuit (B) ow-
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Thus, in this enbodi nent, heat can be transported-in the 15 secondary

refrigerant circuit (B) w thout providing any driv- I ng source such as
a punp for the secondary refrigerant cir- cuit (B). This makes it

possi ble to reduce the power consunption and the nunber of parts having
such factors as to cause sone failure, thereby ensuring reliability for
the en- 20 tire system In addition, since the restriction on the
positions ghg to POsdihd SqPf ForbiOS Qeh i) 2 ldsRd Ye%hedd the heat
reliability a universality can be attai ned. Mor eover, since
the heat afs [ SHREL td i, er Ly 1N
t he secondary re rl ggfgn(lf’ﬁdu?é set ﬂr heit éo eidd fn(ar e i%‘gl%&

Cecondary BRAT GEVARROLE, 40 ¢ SPopcee Ramie iy chon | (o8 Eip, ongrdgR-'"®

result, the system can be enl arged. 5 (Secqnd Enbodlnent)

Her ei naf t eFt a%%ea%c%m%@répvﬁhéhﬂ@séﬁt FAgYZR-2)- "tion will be
descri bed. The circuitry of this enbodi ment has the sane

confi gu¥ a- Also, in this embodiment, no solenoid valves are provided

for the secondary refrigerant circuit (B). That is to say,
only by performing the operations of switching the four-
position selector valve (22) and the electrically motorized
expansion valves (EV2, EV3) in the primary refrigerant circuit
10 (A), the refrigerant in the secondary refrigerant circuit (B)

is circulated.

(Fifth Embodiment)
The secondary refrigerant circuit (B) of this embodiment
15 provides check valves for the respective pipes (6, 7), and
constitutes the heat exchanger (1) on the secondary heat
source side by a pair of heat exchangers (la, 1lb). And, this
embodiment constitutes a secondary refrigerant circuit (B)
for an air conditioning system exclusively used for cooling.
20 The secondary refrigerant circuit (B) will be described.
As shown in Figqure 4, a check valve (CVl1l) allowing only a gas-
eous refrigerant to flow from the indoor heat exchanger (3} to
the heat exchanger (1) on the secondary heat source side is
provided for the gas pipe (6) and a check valve (CV2) allowing

25 only a liquid refrigerant to flow from the heat exchanger (1)
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tion as that of the first enbodi mrent descri bed above, and im 10 plenents

an air conditioning system exclusively used for heat i ng.

Herei nafter, the heating running operation of this em bodi mrent will be
described with reference to Figure 1. When the heating running is

started, the four-position 15 selector valve (22) is first switched to the
direction indi- cated by the solid lines, the first outdoor

el ectrical b fRe secon@iriy HWef£X uist@ sade/ &d B ifddod IheatPxRthanaért he
openi ng degree of the second outdoor electrically notorized expansion

val ve (EV3}ai s;adj t prede : hed.degr ls e r
refrigeran%sti%%u??éﬁgégacﬁafhéﬁgt%gég%gng}ggn(?ﬁeige%ﬂg th%ngégygg in
refrigeran{ ciycui I he fk{st &?J oi,d val ve (SV1) is closed and

t he second %%I@?ﬂ)’r“ii %@%ﬂ%) qecrl e%;p?é]ﬁé’&.' Then, in the
primary refrigerant circuit SA) as indicat- 25 ed by the solid-Iine arrows
in Figure 1, th@hﬁiﬁﬁ@t exchanger (1) on the secondary heat;source side

tenperature, high-pressure gaseous refrigerant discharged fromthe
conpr es$orig lagnstibwirib hied i filnste and dosieqand heat exchapgexgdda,14p)
Thereafter, the pressure of the refrigerant is

on the secondary heat source side, which are connected in par-

allel to each other. The respective heat exchangers (la, 1b)
exchange heat with the heat exchanger (12) on the primary heat
source side.

10 On the other hand, the heat exchanger (12) on the primary
heat source side 1is also constituted by a pair of heat ex-
changers (12a, 12b) so as to correspond to the respective heat
exchangers (la, 1b) on the secondary heat source side. The
respective heat exchangers (12a, 12b) individually exchange

15 heat with the heat exchangers (la, 1lb) on the secondary heat
source side, respectively. It is noted that the first heat
exchanger (la) on the secondary heat source side is formed in
a smaller size than that of the second heat exchanger (1b) on
the secondary heat source side.

20 The refrigerant circulation operation in the secondary
refrigerant circuit (B) during the cooling running is as fol-
lows.

The refrigerant in each of the heat exchangers (1a, 1b)
on the secondary heat source side, the heat of which has been

25 exchanged with the refrigerant evaporated in the correspond-



reduced in the second electrically notorized expansion valve 5 (EV3). The
refrigerant exchanges heat in the heat exchanger (12) on the primary
heat source side with the heat exchanger (1) on the secondary heat
source side and is evaporated to return to the conpressor (11). This
circulation operation is repeated. 10 On the other hand, in the
secondary refrigerant circuit (B), the refrigerant in the heat

exchanger (ihlg @hd HF @O heat extHandead CIRE,CE12H don ke eeindly Weath
has been extracted because of the heat exchange wi th the heat exchanger

(12) on &éﬁgeoréﬂ?é yarﬂ’PaéxéPéEfg Stﬂéﬁeffoﬁonﬁéné‘éﬁdéﬁsbad' C%tse% b%% 15

the one-dot n arrows. a resu e 1nternal pressure
i 1 er ence SR b ?&J%@%@f%ﬁ?%*ﬁ% of *Uhg} pats smcnarlins® hohlary
ot gor an®n e SEGRIGEY zepareaggé%ifi‘%@éxﬁeifg”»%cav;@%ﬁ: 'ﬁfﬁét's?wenmat
exchanger (1) on the secondary heat source side throu the liquid pipe
(7). 5 dicagedebnt fihe Gedrist-ldmen Arnases igb Biguned 4,54 qﬁbtﬁﬁf@% re-
erations are perfornmed in the respective refrigerant circuits 25 (A B)
The f our - pdsiigerante|igr ttdre videox 2R¢at sesahanged {8) is recovered into
% each of the heat exchangers (la, 1b) on the secondary heat
source side through the gas pipe (6) and is cooled so as to
be reserved as a liquid refrigerant.

10 Thereafter, when switching is performed in the primary
refrigerant circuit (A), heat is exchanged only between one
heat exchanger (12a) on the primary heat source side and the
first heat exchanger (la) on the secondary heat source side.
The refrigerant in the first heat exchanger (la) on the sec-

15 ondary heat source side, to which heat has been applied from
the heat exchanger (12a) on the primary heat source side, is
evaporated. As a result, the internal pressure thereof
rises. The pressure is applied onto the second heat ex-
changer (1b) on the secondary heat source side. As a result,

20 as indicated by the broken-line arrows in Figure 4, the lig-
uid refrigerant reserved in the second heat exchanger (1b) on
the secondary heat source side is supplied to the indoor heat
exchanger (3) through the liquid pipe (7). The pressure of

the liquid refrigerant supplied to the indoor heat exchanger

25 (3) is reduced in the indoor electrically motorized expansion
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the direction indicated by the broken lines, the second out- door
electrically notorized expansion valve (EV3) is fully opened and the
openi ng degree of the first outdoor electri- cally notorized expansion
valve (EV2) is adjusted at a prede- 5 term ned degree. On the other hand,
the first solenoid valve (SV1) is opened and the second sol enoid val ve
(SV2) is cl osed. Then, in the primary refrigerant circuit (A

as indi catyvalve {&WI) .t he ThepleaFtlirne e OViquile FéHid&eraet abthanbegh-
10 pressure gaseous refrigerant discharged fromthe conpressor (11) is

condensed }g, h@i@ﬁ%hé@ﬁ?&?ﬁgaﬂ-Zlnoﬂhéhﬁnabg%’tahéat egﬁﬁé&}gé?“r(ﬁéz ?hﬁe-

Thereafter, the pressure o refriger- I's reduced”in th I'rst

el ectricall orized. ex | val v The_ refrigerant is

evaporatedlgng?%gé%%ﬁggbrEﬁgééﬁgéfo%&%ﬁ%hggéE%%é?oﬁngffhen return to the
conpressor (11). This circylatjon operation is repeated. On
The other hand The AREVEEARSERAPEr (PGS CRFc R Forned) alterAatehod

by the two-dot-chain arrows, the refrigerant in the heat exchanger (1)
on the Sec¥dargprakeddfur cdssideresudty o thie drefcgerant pbencapgnilaged
because of the heat exchange wi th the heat exchanger (12) on the
pri mary hein tber secendary refrigevapbrairvduitA¢Bj,r tberebyt hoollingr thie
pressure of the heat exchanger (1) on the secondary heat source side
ri ses. idooxy dixr a orhéej eimethiispembsdinenbet vhenhehe bgehanyehangaer
25 (1) on the secondary heat source side and the indoor heat ex-
on the secondary heat source side is constituted by a pair of
heat exchangers (la, 1b). One of them is used for reserving
10 the liquid refrigerant to be supplied to the indoor heat ex-
changer (3) and the other is used for generating a pressure as

driving force for supplying the liquid refrigerant.

(Sixth Embodiment)

15 The secondary refrigerant circuit (B) of this embodiment
provides check valves for the respective pipes (6, 7), and
constitutes the heat exchanger (1) on the secondary heat
source side by a pair of heat exchangers (la, 1lb). And, this
embodiment constitutes a secondary refrigerant circuit (B)

20 for an air conditioning system exclusively used for cooling.

The secondary refrigerant circuit (B) will be described.
As shown in Figqure 5, a check valve (CV3) allowing only a gas-
eous refrigerant to flow from the heat exchanger (1) on the
secondary heat source side to the indoor heat exchanger (3) is

25 provided for the gas pipe (6) and a check valve {(CV4) allowing



39 changer (3), the gaseous refrigerant in the heat exchanger
(1) on the secondary heat source side is supplied fromthe upper part
of the heat exchanger (1) on the secondary heat source side to the

i ndoor heat exchanger (3) through the gas 5 pipe (6). Thereafter, the
gaseous refrigerant supplied to t he i ndoor heat exchanger (3) exchanges
heat with the indoor air in the indoor heat exchanger (3) and is

condensed, ohP@r @~ 1iquidy Péﬁi:i?ér&ﬁ'@ k8daMowi from the inddvr SHeA€hiexd
operations are alternately performed in 10 the respective refrigerant

cireutts (fnafet (858180 neat(83ChRAGErR1}Cl0n e CB¥cblifak ! egd ant

circul ates seco y refrigerant circuit ( door air
S heated. That is_toq say..even during.this.heating.Junnin eat
can be traﬁ%%??eﬁléﬁ e %reoc‘yd'ﬁjc?éjr yﬂ?refﬂlﬁe AR PARS (-il)s 0 B?hﬁ/i tsﬁ%%t
provi di ng any driving source such as, a pu for, he secagndary

refri ger ant@¥%ig iR _fourth ?’%94%‘!‘&‘8: gi)em AEr i JRealead &&ait)
In the following third to twelfth enbodi ments, variants 20 of the
secondafy ekangeer bh) onr thiet segpndaxychesdn sauxaanside is the same as

that of the above-described system exclusively used for cool-
ing.
The refrigerant circulation operation in the secondary
refrigerant circuit (B) during the heating running is as fol-
10 lows.
First, heat is exchanged only between one heat exchanger
(la) on the primary heat source side and the first heat ex-
changer (la) on the secondary heat source side. The refrig-
erant in the first heat exchanger (la) on the secondary heat
15 source side, the heat of which has been exchanged with the
refrigerant evaporated in the heat exchanger (l12a) on the
primary heat source side and extracted therefrom, is con-
densed. As a result, the internal pressure of the first heat
exchanger (la) on the secondary heat source side falls, and
20 the internal pressure of the second heat exchanger (1b) on
the secondary heat source side also falls correspondingly.
Accordingly, as indicated by the one-dot-chain arrows shown
in Figure 5, the liguid refrigerant in the indoor heat ex-
changer (3) is recovered into the heat exchanger (1lb) on the

25 secondary heat source side through the liquid pipe (7).
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bined wwth the primary refrigerant circuit (A) described above, wl|

descri bed.

(Third Enbodi nent) 25 The secondary refrigerant

circuit (B) of this enbodi ment 40
i ncludes check valves (Cvl, CV2) instead of the sol enoid val ves (SV1,
SV2) of the first enbodi ment descri bed above, and constitutes a

secondary

refrigerant circuit (B) for an air conditioning system

be

exclusively Useﬂhéféafe&'n%e& switchilfy Sesopeatyrinetl igerehe pirimary (B)
wi |l be descri bed. shown in Flgd?g;Z a check val ve (CVl)@gllom?n

only a gasg,

to the

provi ded f
liquid ref

a;fgeglgé&;}a[ﬁi%l?% agh) Lo O Hla@W {4 ogyk sn?aﬁowet%@n eMgdanegt

ger e secondary source side iIs

SRR o (1PBw, A2 (7B 1HOS @%@h e “RbAFERS gk B

heat source side to the indoor heat excha

L 3
l'i qui d pi peo¥ygsponding hepy, pxgh Pﬁgeﬁﬁoﬁ 9 #&Hméﬁﬁ?ﬁet é@vé e%&{ﬁgﬁ%?

t he opera-

tions of switching the four-position selector valve (

15 t he £l ezouicel sjdevt ofheedeSaeriant idt each @b t 3sleaFeexchanger)s

10

15

20

25

(1a, 1b) on the secondary heat source side, to which heat has
been applied from the corresponding heat exchanger (12a, 12b)
on the primary heat source side, is evaporated. As a result,
the internal pressure thereof rises. As a result, as indi-
cated by the two-dot-chain arrows in Figure 5, the liquid re-
frigerant reserved in the heat exchangers (la, 1b) on the
secondary heat source side is evaporated and supplied to the
indoor heat exchanger (3) through the gas pipe (6). The gas-
eous refrigerant supplied to the indoor heat exchanger (3)
exchanges heat with the indoor air in the indoor heat ex-
changer (3) and is condensed, thereby heating the indoor air.

The room is heated in this manner.

(Seventh Embodiment)

The secondary refrigerant circuit (B) of this embodiment
is provided with a plurality of (two, in this embodiment) the
heat exchangers (1) on the secondary heat source side, each
of which includes a pair of heat exchangers (la, 1b) as de-
scribed in the fifth embodiment, thereby constituting a sec-

ondary refrigerant circuit (B) for an air conditioning system
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performed in the primary refrigerant circuit (A) in the sane way as in
the first enbodi ment descri bed above. The refriger- ant circulates in
the secondary refrigerant circuit (B) ow ng to a pressure difference,

which is caused between the heat ex- 20 changer (1) on the secondary heat
source side and the indoor heat exchanger (3) in accordance with them
(see the solid-line and broken-line arrows shown in Figure 2).

Al'so, in tQis)eobodiFenteqnPosO §Bfiﬂ val ves are provided for the

fﬁcondary refrigerant crrcurt ( That is to say, 25 only by perform ng
e operations switching the. four- . . . .
a1 Fho oo PRRaSE eI SR (R YiRL be, degrred-

THo T (AARRRbR: ARty R o O i AT B RDERR o

is circul ated. _ (Fourth Enbodi ment) . The secondary refrigerant

circuit (Bywof brancherpipeseifa, 6hhcaddedhenckiauidyveiPendiZdadidr LK

sol enoid val ves (SV1, SV2) of the second enbodi nent descri bed above,

and constibraifhédt éata seoohdanchr giipeser 6fa, cThiui t ChEFkf ¥al¥esai(CVdondi -
cvl) allowing only the gaseous refrigerant to flow from the
indoor heat exchanger (3) to the respective heat exchangers
(1a, 1B) on the secondary heat source side are provided for
the respective branch pipes (6a, 6b) of the gas pipe (6).

10 Check valves (CV2, CV2) allowing only the liquid refrigerant
to flow from the respective heat exchangers (1A, 1B) on the
secondary heat source side to the indoor heat exchanger (3)
are provided for the respective branch pipes (7a, 7b) of the
liquid pipe (7).

15 Each of the heat exchangers (1A, 1B) on the secondary
heat source side is constituted by a first and a second pri-
mary heat exchanger (la, 1b), which are connected in parallel
to each other. The respective heat exchangeré (1la, 15) ex—
change heat with the heat exchanger on the primary heat source

20 side (not shown, see Figure 4).

Next, the refrigerant circulation operation in the secon-
dary refrigerant circuit (B) during the cooling running will
be described.

Switching is performed in the primary refrigerant cir-

25 cuit (A) such that while condensation of a refrigerant (heat
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tioning system exclusively used for heating. The secondary

refrigerant circuit (B) will be described. As shown in Figure 3, a
check valve (CV3) allow ng only a gas- eous refrigerant to flow from
t he heat exchanger (1) on the 15 secondary heat source side to the indoor
heat exchanger (3) is provi ded for the gas pipe (6) and a check val ve
(Cv4) allow ng only a liquid refrigerant to flow fromthe indoor heat
ex- cheagdhatidh bPera kel X HEHIF pdridodied Neh SEFOWEHY deManger
source side is providéed for the liquid pipe (7). 20 During the

Peat 0 1 RIAT9SH o SR ot GoREk Sy BhARPFHABH HE AN

four - posi titon e rec y hotorized
expansi on val,ves 2,. EV3) are . perfornmed.in the pri refrigergnt

o Feurt (AT heat ahaprgic | ABCZBEIAR) ot APRELOHED: e
above. The refri%- 25 erant circulates in the secondary refrigerant,
circuit (BPtBfr heat exchanger (1B) on the secondarypheat source sidew to

a pressure difference, which is caused between the heat exchanger (1)
on the SecBhearheadteammadiatriom sstiatencdandethaddwat-absoxptisnchabgte @ein
accordance wth them (see the one-dot- chain and two-dot-chain arrows
shown in FafteendtelySand refiextedly tdstsalhbehiedefiby bothotuheoilbataleses
are provided
changers (1A, 1B) on the secondary heat source side, whereby
the refrigerant circulation operation is performed continu-
ously.
10 Specifically, while the heat exchanger (1A) on the sec-
ondary heat source side, located on the left-hand side in
Figure 6, is in the heat-radiation state and is recovering
the gaseous refrigerant from the indoor heat exchanger (3)
(see the solid-line arrows in Figure 6), the first heat ex-
15 changer (la) on the secondary heat source side of the heat
exchanger (1B) on the secondary heat source side, located on
the right-hand side, is in the heat-absorption state. As a
result, owing to the rise in internal pressure resulting from
the evaporation of the refrigerant, the internal pressure is
20 applied onto the second heat exchanger (1b) on the secondary
heat source side. The second heat exchanger (1b) on the sec-
ondary heat source side supplies the liquid refrigerant to
the indoor heat exchanger (3)(see the broken-line arrows in
Figure 6).

25 Thereafter, the heat-~radiation state and the heat-
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for the secondary refrigerant circuit (B). That is to say, only by
perform ng the operations of switching the four- position sel ector
valve (22) and the electrically notorized expansi on val ves (EV2, EV3)
in the primary refrigerant circuit 10 (A), the refrigerant in the
secondary refrigerant circuit (B) I's circul at ed. (Fifth

Enbodi nent) The secondary refrigerant circuit (B) of this

enmbodi nentab%%gﬁggé{‘dgi ¢heck.ya ;@gr{lg{ﬁgﬁge ar;ﬁsgfr‘%'a{ﬁ?e@ifeésﬁﬁblﬁh_eand

constitutes exchanger ( on t econd eat source side by
a pair of heat.exch er a, _|lh). And, S | [ S a
secondary %FrPSEﬁaﬁi iﬁ%%+te§%§gnger 045 y| éﬁp é§g3?€¢g§?%83§§§%ek%%%
exclusively used for cooling. 20 . The secondary refrigerant ¢ircui.t
(B) will beoweee rsidey wherehy dhsnlndeay ke 6 C9 C\P%P\?éw y) and
allowing only a gas- _eous refrigerant to flow fromthe indoor heat
exchanger g axr cond i{signsing @enfargance] cagn behdmpse¥rdary heat source
side is _provided for the gas pipe (6) and a check valve (CV2) allow ng
25 onlysa |iqui Higefei Peshowst oo itcavitfrpnminhwhieht suwathamgeeconilary  re-
43
frigerant circuit (B) is applied to a so-called multi-machine
provided with a plurality of indoor heat exchangers (3). 1In
Figure 7, (F’) denotes an indoor fan.
In the seventh embodiment, each of the heat exchangers
10 (1A, 1B) on the secondary heat source side is constituted by
two (first and second) primary heat exchangers (la, 1b). Al-
ternatively, the heat exchanger (1A, 1B) may be constituted by

a single heat exchanger.

15 (Eighth Embodiment)

The secondary refrigerant circuit (B) of this embodiment
is provided with a plurality of (two, in this embodiment) the
heat exchangers (1) on the secondary heat source side, each
of which includes a pair of heat exchangers (la, 1b), in the

20 same way as in the seventh embodiment described above, there-
by constituting a secondary refrigerant circuit (B) for an
air conditioning system exclusively used for heating. It is
noted that only the difference from the circuitry of the sev-
enth embodiment will be described hereinafter.

25 As shown in Figure 8, check valves (CVv3, CV3) allowing
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on the secondary heat source side to the indoor heat exchanger (3) is

provided for the liquid pipe (7) in the sanme way as in the third

enbodi ment descri bed above. The heat exchanger (1) on the
secondary heat source side 5 is constituted by a first and a second heat
exchanger (la, |Db) on the secondary heat source side, which are
connected in par- allel to each other. The respective heat exchangers
(la, 1Db) onl?xgﬂéngﬁsQSﬁE Ebk?lgaﬁaﬂﬁaioeiﬁbﬁn&%bm(%%b Pesbletivieaatheat
source side e ot her hand, th e heat exchanger (12) on the
primary r | I Ite 0, e
changers (Tﬁgﬁgﬁgg?g g? ?g)c§rre§%%n [ grﬁg%%ECtlv $|él&ga£° *he

exchangers on the second heat source sj d pectlve
heat exchaﬁéé gr( t 19KFhanger 33§| | 3@ x BT e S%HEatt-EWtﬁe?ﬁ’? é‘é’t
exchangers (la, |Db) on the secondary heat sour ce S|de res ectlvely

It is notebrangh tEhTquﬁ r §6apefib) °fe>3'€h%n§éﬁ @iDe 0k6i he seRBFRaMPLTES
source side is formed in a smaller size than that of the second heat
exchangsr (CW4,o0v4) alhowisgoondyy theatlismiderefritgeramt to fipw from
refrigerant circul ation operation in the secondary refrigerant circuit
(B) duringthieindebinpeatinekopangens(8pl to thel wespective heathexchang-
refrigerant in each of the heat exchangers (1la, 1b) on the secondary

heat sourcgrsi ¢qa,t e JhQﬁi fhe WBkeBnhasybheat Fourxehadithsl aréhproerided

refrigerant evaporate in the correspond-
44 for the respective branch pipes (7a, 7b) of the liquid pipe

(7.

10 Next, the refrigerant circulation operation in the secon-
dary refrigerant circuit (B) during the heating running will
be described.

In the same way as in the seventh embodiment described
above, switching is performed in the primary refrigerant cir-

15 cuit (A) such tha; while heat radiation running is being per-
formed in one heat exchanger (1A) on the secondary heat
source side, heat absorption running is performed in the oth-
er heat exchanger (1B) on the secondary heat source side. As
a result, the heat-rediation state and the heat-absorption

20 state are alternately and repeatedly established for both the
heat exchangers (1A, 1B) on the secondary heat source side,
whereby the refrigerant circulation operation is performed
continuously.

Specifically, for example, the first heat exchanger (1la)

25 on the secondary heat source side of the heat exchanger (1A)
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I ng one of the heat exchangers (12a, 12b) on the primary heat source

side and extracted therefrom is condensed. As a re- sult, the

i nternal pressures of the heat exchangers (la, 1b) on the secondary
heat source side fall. As a result, as in- 5 dicated by the solid-line
arrows in Figure 4, the gaseous re- frigerant in the indoor heat
exchanger (3) is recovered into each of the heat exchangers (la, 1b) on
the secondgg Ytﬂéabecond%w Heati Eolréeughdehe 1geateidpon hantefs-hantied
so as to be reserved as a liquid refrigerant. 10 Thereafter, when
Swi t chi ng é% 8e£ érhtrfh $ "Phdo herﬁéﬁtgfééﬂﬁtibﬁCQt&téA&ndhEHE i's
exchanged © ? et'ween one” eat exchanger (1 on the primary heat

source sid and t he Jirst hea a r Ny

source si dﬁow Pregfurpe s g@%ﬂ’f 4 S?ﬁg %%r st CPex%%gnég'rgﬂ?ﬂ%i( R&%ﬁ
sec- 15 ondary heat source side, to MMICh&Q q% een Iled [0 e
the heat eX®h rseqondary, heaty $ORKCE h§ifeso tRerePYe fverlng

evapor at ed. As a result, the internal pressure thereof

pressur® i biawpdi sefrigerant stxemdtheatindoor heahsfxehanger oﬁ’)( hésee

secondary heat source side. As a result, 20 as indicated by the

br oken- | i neh@r 6nesdot-Ehgineatyrotise ini q'lgure @)d reinitoe ameantimeyedhen

the second heat exchanger (1b) on t he secondary heat source side is

suppl i ed tReddeexdtiifjere@lB) on the secondary heat source side, locat-
ed on the right-bhand side, falls into the heat-absorption
state, thereby supplying the gaseous refrigerant to the in~

10 door heat exchanger (3) (see the two-dot-chain arrows in Fig-

ure 6).

Thereafter, the heat-radiation state and the heat-
absorption state are alternately and repeatedly established
whereby the indoor air is cooled continuously and the air con-

15 ditioning performance can be improved.

Figure 9 shows circuitry in which such a secondary re-
frigerant circuit (B) is applied to a so-called multi-system
provided with a plurality of indoor heat exchangers (3).

In the eighth embodiment, each of the heat exchangers

20 (1A, 1B) on the secondary heat source side is also constituted
by two (first and second) primary heat exchangers (1a, 1b).

Alternatively, the heat exchanger (1A, 1B) may be constituted

by a single heat exchanger.

25 (Ninth Embodiment)
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exchanger (3) through the liquid pipe (7). The pressure of the liquid
refrigerant supplied to the indoor heat exchanger 25 (3) is reduced in the
i ndoor electrically notorized expansion

45 val ve (EV1). Thereafter, the liquid refrigerant
exchanges heat with the indoor air in the indoor heat exchanger (3) and
i s evaporated, thereby cooling the indoor air. The above-descri bed

operation is penfsoigiRAmAliine Fidfudley 100, tHY Jivias) »fceffﬁéraﬁ%t&imx%f@

refrigerant is circulated In the secondary refrrgerant circuit

t her eby CO?E}”%E Nhis § e secondrﬂr dili§es' 8 E':Qbé q&aﬁgtthatth f@?&n—

exchanger on eat source SI I's constitute

pair at, exchange e for reservi 10
Phe | P qui dPPEFAR ehanBagaiiets be Bl SEE kb 8 b B
(3) and the other is _used for generatrn a pressure as driving force
for suppl yEE§ondany; figaFr SqurcRraide 1n the secopdpii diefgigerapt cir- The
secondary refrigerant circuit (B) of this enmbodi ment provi des check

val ves Bor cuié r@Bpeexcluspredy (Wed) fozndcoolingmnsesi tdaseribed hant the
exchanger (1) on the secondary heat

fifth embodiment.

In such a circuit, when the respective heat exchangers
(la, 1lb) on the heat source side fall into a heat-radiation
state and recover the gaseous refrigerant from the indoor heat

10 exchanger (3) to condense it, the condensed liquid refrigerant
can be reserved in the receiver (20). As a result, the
amounts of the liquid refrigerant reserved in the heat ex-
changers (la, 1lb) on the secondary heat source side can be re-
duced. This makes it possible to secure a large heat exchange

15 area for them, thereby improving the heat exchange efficiency
and the performance of the entire system.

It is noted that in Figure 11, a similar receiver (20) is
provided for the secondary refrigerant circuit (B) exclusively
used for heating as described in the sixth embodiment. In

20 such an arrangement, when the respective heat exchangers (1la,
1b) on the heat source side fall into a heat-absorption state
and recover the liquid refrigerant from the indoor heat ex-
changer (3), the liquid refrigerant can also be reserved in
the receiver (20). This also makes it possible to secure a

25 large heat exchange area for them, thereby improving the per-
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source side by a pair of heat exchangers (la, 1b). And, this enbodi nment
constitutes a secondary refrigerant circuit (B) 20 for an air conditioning
syst em excl usi vely used for cooling. The secondary refrigerant
circuit (B) will be described. As shown in Figure 5, a check valve
(Cv3) allowing only a gas- eous refrigerant to flow fromthe heat
exchanger (1) on the secondary heat source side to the indoor heat

exchanger fdimafce 25f PERRY i sl ddTsyidt@enflas pipe (6) and a check valve (Cv4)
al I owi ng 46 only a liquid
refrigerant to flow fromthe indoor heat ex- changer (3) to the heat
exchanger (1) on the secondary heat source side is provided for the

above. TheCReathBebOg 8RR e (157 on the secondary heat source side s the
T The iR GePRARLBRREal d%nsOpaRdAFEn 1oLt PRI AFF L |
refrigerant circuit (B) during the heating running is as fol- 10 | ows.
Fi rst, heafB)singiudaggdaoplipraddkyeeoheatc fxahangenfer (1A, 1B))oBnthge
primary heat source side and the first heat ex-
secondary heat source side as described in the seventh and
the eighth embodiments is modified as a so-called heat pump
circuit which can cool and heat the indoor air. It is noted
that only the difference from the refrigerant circuits de~
10 scribed in the seventh and the eighth embodiments will be de-
scribed hereinafter.
As shown in Figure 12, the branch pipes (6a, 6b) of the
gas pipe (6) are branched into branch pipes for cooling (6a-
C, 6b-C) and branch pipes for heating (6a-W, 6b-W), respec-
15 tively. A check valve (CVl) allowing only the gaseous re-
frigerant to flow from the indoor heat exchanger (3) to the
heat exchangers (1A, 1B) on the secondary heat source side and
a solenoid valve (SVC-1) opening during the cooling running
and closing during the heating running are provided for each
20 of the branch pipes for cooling (6a-C, 6b-C). On the other
hand, a check valve (CV3) allowing only the gaseous refriger-
ant to flow from the heat exchangers (1A, 1B) on the secon-
dary heat source side to the indoor heat exchanger (3) and a

solenoid valve (SVW-1) opening during the heating running and

25 closing during the cooling running are provided for each of
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changer (la) on the secondary heat source side. The refrig- erant in
the first heat exchanger (la) on the secondary heat 15 source side, the

heat of which has been exchanged with the refrigerant evaporated in the
heat exchanger (12a) on the primary heat source side and extracted
therefrom is con- densed. As a result, the internal pressure of the
first heat exchanger (la) on the secondary heat source side falls, and
20 the int epRAbHAMRSS Wided fdie HeRRdny hed-wx@rager (1b) on the
secondary heat source side also falls "correspondingly. Accordi ngly, as

i ndi cated by th h rrﬁﬂg s is No|
refrigerant in t e |n C& g&?e@; ! 9&%9& ia? El eco%% |l7t)oLEl€e
neat  exchaggerciily 0o 25O Y A5 B &%%4$'<9e & #8lc} "ana

Thereafter mhen swi tchin erforned in the prina refri erant
circuit (APraWG H%?quéﬁghdgﬁp iathe RN - re%ééﬁﬁ%ﬁﬁ% %2

on the primary heat source side and correspondlng heat exchangers (1a
1b) on the vedyend€Vg)haidldowingoondy Shge liguddr dlefirjgerant taddirwifnore
heat exchangers (1a, 1b) on the secondary heat source side, to which
heat has thebbdeatapmichadgersm(iAg¢ 1Bj)respbhei sgcomdiry Xindahn geould® agide’b)

to the indoor heat exchanger (3) and a solenoid valve (SVC-2)
opening during the cooling running and closing during the
heating running are provided for each of the branch pipes for
10 cooling (7a-C, 7b-C). On the other hand, a check valve (CV3)
allowing only the liquid refrigerant to flow from the indoor
heat exchanger (3) to the heat exchangers (1A, 1B) on the sec-
ondary heat source side and a solenoid valve (SVW-2) opening
during the heating running and closing during the cooling run-
15 ning are provided for each of the branch pipes for heating
(7a-wW, 7b-W). |
Next, the running operations thereof will be described.
buring the cooling running, switching is performed be-
tween two states. One of the states is a state where the so-
20 lenoid valve (SVC-1) coupled to the heat exchanger (1B) on the
secondary heat source side located on the right-hand side and
the solenoid valve (SVC-2) coupled to the heat exchanger (1a)
on the secondary heat source side located on the left-hand
side are opened and the other solenoid valves are closed.

25 The other state is a state where the solenoid valve (SvVC-
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on the primary heat source side, is evaporated. As a.result, t he

I nternal pressure thereof rises. As a result, as indi- 10 cated by the
two-dot-chain arrows in Figure 5 the liquid re- frigerant reserved in
t he heat exchangers (1la, 1b) on the secondary heat source side is
evaporated and supplied to the i ndoor heat exchanger (3) through the
gas pipe (6). The gas- eous refrigerant supplied to the indoor heat
exchangerg)s l&’fC]E t%%@h%ﬁ&etn(é@ﬁ?] ¥ tHe t 6coONdRLy Reat ex-
changer ( S con ensed ere eating the indoor air. The room

h di h

A e B enree ol YA ORI . e Tue18AESIE
t t nbod

o (10 0 S DS S SShAREES (14,080 Biopeengery

1b) as de- scribed in the fifth enbodi nent, thereby cqnstituti % a _sec-
25 ondary daxy ihgatargounqe §ide Boaated erithe: deditrhaRon § 146 AZR °P ne
48 excl usively used for cooling. The secondary

refri ges amindith=iiatheld) seilldnoid sedwesbege closed.

These two states are alternately switched, thereby per-
forming the refrigerant circulation operation and cooling the
indoor air in the same way as in the seventh embodiment de-
scribed above.

10 Oon the other hand, one of the states during the room
heating running is a state where the solenoid valve (SVW-1)
coupled to the heat exchanger (1B) on the secondary heat
source side located on the right-hand side and the solenoid
valve (SVW-2) coupled to the heat exchanger (1A) on the secon-

15 dary heat source side located on the left-hand side are opened
and the other solenoid valves are closed.

The other state is a state where the solenoid valve (SVW-
2) coupled to the heat exchanger (1B) on tﬁe secondary heat
source side located on the right-hand side and the solenoid

20 valve (SVW-1) coupled to the heat exchanger (1A) on the secon-
dary heat source side located on the left-hand side are opened
and the other solenoid valves are closed.

While alternately switching these two states, the refrig-
erant circulation operation is performed and the indoor air is

25 heated in the same way as in the eighth embodiment described
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As shown in Figure 6, the gas pipe (6) is branched into two branch

pi pes (6a, 6b) and the liquid pipe (7) is also 5 branched into two branch
pi pes (7a, 7b). Check valves (CV1, Cvl) allowi ng only the gaseous
refrigerant to flow fromthe i ndoor heat exchanger (3) to the
respective heat exchangers (1A, 1B) on the secondary heat source side
are provided for the respective branch pipes (6a, 6b) of the gas pipe
(6). 10 qgggkﬁyalves (Cv2, CV2) allowing only the liquid refrigerant

to flow fromthe respective heat exchangers (1A, 1B) on the secondary

heat source S|q£ tgaﬁhge 9ﬂ88%%€8§§ eﬁﬁhéﬂge?eﬁﬁi ran@rglgéQYtdgg kahist he

respective br anch prpes (/a |qU| ptpe (7). Each
of the heat ex han ers 1B) on.the seco Y. o d
\(,:\ﬁns';] itute lg drgog'ec%’ﬁ&lﬂgl unnrl %&rar%/n% x%ia%%{ei{rhl?? Sah
ich are connected |n par al | el t o each ot her. The espe t
exchanger sb¢ 18rbibragily setc B¥n ReGfOTmI{G I‘PR???‘T‘F&}{S € é ﬁbg?hbﬂgt ﬁg
prinmary heat source 20 side (not shown, see Figure 4
ref ri ges arvalves ulSVEeh, oﬁﬁﬂaﬂuoﬁ%lbhé% As @ar&eﬁ‘b]f‘?oi g8r Mhiy
circuit (B) during the cooling running wll be descri bed.
Swi t chi ng prageidan reik icoddies joringy pysten ganabe obtaingg.cuit (A) such
that while condensation of a refrigerant (heat
49 In the tenth embodiment, each of the heat exchangers (1A,
1B) on the secondary heat source side is constituted by two
(first and second) primary heat exchangers (la, 1lb). Alterna-
10 tively, the heat exchanger (1A, 1B) may be constituted by a

single heat exchanger.

(Eleventh Embodiment)
Next, the entire arrangement of specific circuitry ob-
15 tained by combining the secondary refrigerant circuit (B) de-
scribed in the tenth embodiment with the primary refrigerant
circuit (A) will be described.
As shown in Fiqure 13, in this embodiment, the primary
refrigerant circuit (A) includes: a compressor (11); a four-
20 position selector valve (22); an outdoor heat exchanger (14)
provided with an outdoor fan (F) in the vicinity thereof; an
outdoor electrically motorized expansion valve (EV); and heat
exchangers (12A, 12B) on the primary heat source side, each
of which is constituted by a plurality of heat exchangers.

25 In the outdoor heat exchanger (14), a gas-side pipe (24) is
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radi ati on operation) is being perfornmed in one heat exchanger (1A) on
the secondary heat source side, evaporation of a re- frigerant (heat
absorption operation) is perfornmed in the ot her heat exchanger (1B) on
t he secondary heat source side. 5 The heat-radiation state and the

heat - absorption state are alternately and repeatedly established for
both the heat ex- changers (1A, 1B) on the secondary heat source side,

whereby  cohhectellr t¢eramé ehCHhdred¥ oper 8heolyalss-sirle Camedac arilguid—
ously. 10 Specifically, while the heat exchanger (1A) on the sec-

ondary hea;8Upines! () | 6 a6n00tER0the ki Whel dond NtherebEIUNE the ! S
I n the heat-radiation st’ate and I's recovering the gaseous refrigerant
fromthe iigogn hsgt exchanger (3) (see the solid-line arrows in Figure
6), the fi f ﬁga 8?! 15 changer (la) on the secondary heat source side
of the heat - exchanger, (1B), on the secondary heat source side, |ocated
on the ri ghTPRag@ssisdde Rine, {24)nhdgt SSJE55R 6 Retiwgen pangoutlet

result, owing to the rise in internal pressure resulting from t he
evapor afi oﬁige and apf ipdetaftidet pE itheecoapresestuldl)sby2neaps| ofd the o
t he second heat exchanger (1b) on the secondary heat source side. The
second heafouxepaajtioflbelentome vadywe (22)onddfhatheds tousey,sitlie gass i es
the liquid refrigerant to t he i ndoor heat exchanger (3)(see the
broken-1i ngider pipei 124) incdwdesR) .an outlet gas line (24a) connecting
the outlet side of the compressor (11) to the four-position
selector valve (22); and an inlet gas line (24b) connecting
10 the inlet side of a compression mechanism (21) to the four-
position selector valve (22). The inlet gas line (24b) is
provided with an accumulator (28).
The liquid-side pipe (25) is provided with the outdoor
electrically motorized expansion valve (EV). One end of the
15 liguid-side pipe (25) is connected to the outdoor heat ex-
changer (14) and the other end thereof is branched into
branch pipes, which are connected to the respective heat ex-
changers (12a to 12c) on the primary heat source side. The
liquid-side pipe (25) includes a main liquid pipe (25A) and
20 branched liquid pipes (25a to 25¢) branched from the main
liquid pipe (25). The respective branched liquid pipes (25a
to 25¢) are connected to the heat exchangers (12a to 1l2c¢),
respectively.

The primary refrigerant circuit (A) further includes: an

25 outlet line (30) for connecting the outlet side of the com-
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25 Thereafter, the heat-radiation state and the heat-

50 absorption state are alternately and repeatedly

est abl i shed for both the heat exchangers (1A, 1B) on the secondary heat
source side, whereby the indoor air is cooled continuously and the air
condi tioning performance can be inproved. 5 Figure 7 shows circuitry
I n which such a secondary re- frigerant circuit (B) is applied to a

so-cal | ed prédsoragiifeto tHy or/e@@:mw ReftUexichiangefrs ndi2u heatlzc)
exchangers (3). In Figure 7 ) denotes an indoor fan.

the seventfy, ephadi Fs%@&tofséﬂec@%idéxcaﬁag%s inh®H 1Pind By 32H EBQ

secondarK eat so rce side 1s constituted by two (first and second)
pri mary heat exchange ( n el t e

Lin"1t) poREELEE s hashlls f4triqerafif I3roll che Kieaf BkoBARgstes]
Enbodi ment he secondary.refrigerant_ circuit

enbodi ment%lza te p‘rzﬁ/) den ?’ten HrT A ﬂ?ﬁ‘%ofs‘iuﬁﬁ)e F?‘I&Fhlté) %‘rﬁ%di"ﬁ%nt)

t he heat exchangers (1) on the secondary heat source side, each of
whi ch i ficl side af phe epmpressexchbhhers (1a, 1b), in the

Furthermore, of the six heat exchangers (12a to 12c¢) on
the primary heat source side, the three heat exchangefs (12a
to 12¢) located on the left-hand side in Figure 13 constitute
the first heat exchanger (12A) on the primary heat source

10 side for exchanéing heat with the heat exchanger (1A) on the
secondary heat source side located on the left-hand side in
the tenth embodiment described above (see Figure 12). The
three heat exchangers (12a to 12c¢) on the right-hand side
constitute the second heat exchanger (12B) on the primary

15 heat source side for exchanging heat with the heat exchanger
(1B) on the secondary heat source side located on the right-
hand side in the tenth embodiment.

Since the arrangements of the respective heat exchangers
(12a, 12B) on the primary heat source side are substantially

20 the same, the connection states of the respective pipes (25a
to 25¢, 30, 31) with respect to one heat exchanger (12A) on
the secondary heat source side will be described hereinafter.
Also, these heat exchangers will be herein referred to as a

first, a second and a third heat exchanger (l12a to 12c¢) from

25 the right for convenience.



20 sane way as in the seventh enbodi nent described above, there- by

constituting a secondary refrigerant circuit (B) for an air

condi tioni ng system exclusively used for heating. It is noted that only
the difference fromthe circuitry of the sev- enth enbodi nent will be
descri bed hereinafter. 25 As shown in Figure 8, check valves (CV3,
Cv3) all ow ng 51 only the
gaseous refrigerhet flimskl heatr exchaagess [{d2ai)vdsheasnnectesk @taruper 3ok

1B) on the secondary heat source side to the i ndoor heat exchanger (3)

are provi degddf o the HERACtHrMEhched DI 2eid PHPEE (28a) €RAtOfist brathed Pe
(6). Check valves 5 (Cv4, Cv4) allowng only the Iiquid refrigerant to

flom/fron1EfomtgﬁeiﬁggﬁrlggggdﬁégpgggggAQSLn 0 +hid¢ @%3ﬁ¥&%y% @%ﬁ%ﬁ%ﬁﬂang_

ers (1A, 1B) on the secon urcé side are provi

(popectt VoAl peold epBb Ol ABCEL O SSRBAR pind TJ3sg0i ot
the. sams. va§ehet RebRBege PO F-amiod e kR s(FR Dot theaBgrat Bkanehedy | s
performed .!I.;].qLES %riipréarzlzsrae)frgggr %:rllxte C:Iifirxtst heat exchanger (l12a). The
first liquid pipe (25d) is connected at the other end to the
main liquid pipe (25A) and includes a check valve {(Cv3) al-
lowing only the 1liquid refrigerant to flow from the first
10 heat exchanger (12a) to the main liquid pipe (25A). The up-
per end of the first heat exchanger (l1l2a) is connected to the
outlet line (30) through the first gas pipe (30a) and to the
inlet line (31) through the secoﬁd gas pipe (3la), respec-
tively. Solenoid valves (SV3, SV4) are provided for the gas
15 pipes (30a, 31la), respectively.
The second heat exchanger {(12b) is connected at the low-
er end to the second branched liquid pipe (25b) that is
branched from the main liquid pipe (25A) and that includes a
check valve (Cv4) allowing only the liquid refrigerant to
20 flow from the second heat exchanger (12b) to the main liquid
pipe (25A). The upper end of the second heat exchanger (12b)
is connected to the outlet line (30) through the third gas
pipe (30b). A solenoid valve (SV5) is provided for the third
gas pipe (30b).

25 The third heat exchanger (12¢) is connected at the lower
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15 cuit (A) such that while heat radiation running is being per- f or med

I n one heat exchanger (1A) on the secondary heat source side, heat
absorption running is performed in the oth- er heat exchanger (1B) on

t he secondary heat source side. As a result, the heat-radiation state
and the heat-absorption 20 state are alternately and repeatedly
establ i shed for both the heat exchangers (1A, 1B) on the secondary heat
source sidend to ‘ther ayiridéraidiieabrbiduid rpipat (25cppthati as byrapehiedr med
conti nuously. Specifically, for exanple, the first heat exchanger

(5 |2a) 25 ogrble {IRCONASH Y 1AL SOPHEE 28A)Ofaridiethedt ivedhangera( bhkeck

on the secondary heat source side, |located on the

| ef t - hand o locat e
€ an valvé'gggFﬁegigﬁﬁgnghoBi £h “Eggﬁﬁa Q@%El?%@?%%&%@ %ﬁ%%ef%@ﬁ t he

| ow pressure=is _ e Secon t exchang (1b) n the
From the i HiBoRaABat 1AM RIRS (GPRLES Ehe EniEf ndat! SchianGelr H37H
neat Sof candi e CARIAAATY TURRI GFPY ho [hEnABRET] SAHAE { EPPS ERED TREE
heat - absor pti on state, thereby supplying the gaseous refrigerant to the
i n- exchanger (12c) is connected to the inlet line (31) through
the fourth gas pipe (31b). A solenoid valve (SV6) is also
provided for the fourth gas pipe (31b).
In the second branched liquid pipe (25b), one end of a

10 first connecting pipe (32) is connected between the second
heat exchanger (12b) and the check valve (CV4). The other end
of the first connecting pipe (32) is connected between the
third heat exchanger (12c¢) and the capillary tube (CP) in the
third branched liquid pipe (25¢). In the third gas pipe

15 (30b), one end of a second connecting pipe (33) is connected
between the second heat exchanger (12b) and the solenoid valve
(SV5). The other end of the second connecting pipe (33) is
connected between the third heat exchanger (12c¢) and the sole-
noid valve (SV6) in the fourth gas pipe (31b).

20 On the other hand, the secondary refrigerant circuit (B)
is the same as that described in the tenth embodiment. Of
the pair of heat exchangers (la, 1b) of the tenth embodiment,
the smaller one on the right-hand side or the first heat ex-

changer (la) on the secondary heat source side is disposed

25 adjacent to the first heat exchanger (12a) and exchanges heat
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10 door heat exchanger (3) (see the two-dot-chain arrows in Fig- ure

6).

absorption state are alternately and repeatedly established

i ndoor air

Thereafter, the heat-radi ation state and the heat -

i's cooled continuously and the air con- 15 ditioning

per formance can be i nproved. Figure 9 shows circuitry in which
such a secondary re- frigerant circuit (B) is applied to a so-called

mul ti-syst

secondary
second) pr

St elferewiphovi digl théhothpruitand,y tiei hdogerheme exchbhgedefls) .
In the eighth enbodi nent, each of the heat exchangers 20 (1A, 1B) on the

head §QHéCSr5tﬁé héaﬁ'éﬁcﬁaﬁébrt%hﬁq is cbrstWeutd vy anpair
I mry heat exchangers (la, |ID Al ternatively, the heat

(N nth Enbo

exchanger SéAﬁeégénHHXnHetﬁggﬁs ﬁHBEdexchahﬁeésskﬂﬂhelﬂﬁgtoﬁX%ﬂ%nQ%Eon-

As shownl
enbodi nent

t he heat exchangFrs (1a,

secondafy

10

15

20

E%?S}F&t S?léig?\s;%?i w)f{x:h(?%r 9 a&gnﬁ’ééfé'at 1{xe Opaxgﬂlgi

'S con- I'n paraIIeI

_a%eoglsposed aé acen second

gach;
third heat exchangers (12b, 12c), respectively, thereby ex-
changing heat therewith. That is to say, these heat exchang-
ers (la, 1b, 1b’) are connected in parallel to each other.
The upper ends thereof are connected to the branch pipes (6a,
6b) of the gas pipe (6) and the lower ends thereof are con-
nected to the branch pipes (7a, 7b) of the liquid pipe (7).

Next, the air conditioning running thereof will be de-
scribed. First, the cooling running thereof will be de-
scribed with reference to Figures 14 and 15.

When the cooling running is started, the first cooling
running state is established. Specifically, in the primary
refrigerant circuit (A), the four-position selector valve
(22) is switched to the direction indicated by the solid
lines, the solenoid valve (SV3) of the first gas pipe (30a)
for the second heat exchanger (12B) on the primary heat
source side, the solenoid valve (SV4) of the second gas pipe
(31a) for the first heat exchanger (12A) on the primary heat
source side and the solenoid valve (SV6) and the electrically

motorized expansion valve (EV) of the third gas pipe (31b) are

opened, and the other solenoid valves are closed. On the oth-

wher eby t he

25

tO

econ arxoh%%t sour ce SI d tlillet he



5 cuit (B) exclusively used for cooling as described in the fifth

enbodi nent . In such a circuit, when the respective heat exchangers
(1a, 1b) on the heat source side fall into a heat-radiation state and
recover the gaseous refrigerant fromthe indoor heat 10 exchanger (3) to
condense it, the condensed liquid refrigerant can be reserved in the
receiver (20). As a result, the anounts of the liquid refrigerant
reserved iart hanligatinethe seddiRRQS SréfigdiyntoncihensecoByar yheesblesur ce
side can be re- duced. This nakes it possible to secure a | arge heat

exchange ﬁ?i&rgglggr#g?ﬁgl%;35ﬁggédi@@Wﬁﬁémhég@ EfchafgEPaLR) ebhi &hency

and the perfornance o : tire system . It is noted that in

refri ger anpoeppatry BEFE bbby ige” Locart riothe PlekbInaRl (83ARY ana,
heat exchabber E0tpROid vakys “LaVre) nEaRPLER E8 ShieiPa hapgnger. (165

heat - absorpti on state and recover the liquid refrigerant froomthe

i ndoor feaPhekhe secondagyr hent seurceqsgider dagafadhn ckheardghtshand
reserved in the receiver (20). This also nakes it possible to secure a
gi | ar ge heide cardaopsned and dthe ledihen iseolenpidnwadvesgargecpesed.

If the compressor (11) is driven in such a state, a part
of the refrigerant discharged from the compressor (11) is con-
densed in the outdoor heat exchanger (14) in the primary re-

10 frigerant circuit (A) as indicated by the solid-line arrows in
Figure 14. The pressure of the refrigerant is reduced in the
capillary tubes (CP) of the first and the third branched lig-
uid pipes (25a, 25¢) coupled to the first heat exchanger (12A)
on the primary heat source side. And the refrigerant flows in

15 the respective heat exchangers (12a, 12b, 12c) of the first
heat exchanger (12A) on the primary heat source side. The
liquid refrigerant exchanges heat with the respective heat ex-
changers (la, 1b, 1b’) of the first heat exchénger (1A) on the
secondary heat source side. The liquid refrigerant extracts

20 heat from the refrigerants in the respective heat exchangers
(la, 1b, 1b’) and is evaporated. Thereafter, the refrigerant
returns through the inlet line (31) to the compressor (11).

The other part of the refrigerant discharged from the

compressor (11) flows through the outlet line (30) into the

25 first heat exchanger (12a) of the second heat exchanger (12B)



formance of the entire system (Tent h Enbodi ment) In this
enbodi nent, the secondary refrigerant circuit 5 (B) including a plurality
of heat exchangers (1A, 1B) on the secondary heat source side as
described in the seventh and the eighth enbodinents is nodified as a
so-cal | ed heat punp circuit which can cool and heat the indoor air. It
IS noted that only the difference fromthe refrigerant circuits de- 10
scri bed i nohheheearinamndhéde soghcé eidedi neThe wefrigerdnt exchamgesed
herei nafter. As shown in Figure 12, the branch pipes (6a, 6b) of

t he JafeRtP%ith He PisBehedatntexdi pipay oF el s80on8aheat C,
6b-C) and branch pipes for heating (6a-W 6b-W, respec- 15 tively. A

check val Vgﬁé%ﬁéei’l | QM qu‘gn{:?et I%‘aecgﬁrﬁ%‘fﬁz Kéat soukbbIRige. t Orhbowes om

t he i ndoor Xchang ) to the at exchangers (1A, 1B) on the

secondary heat source si.de an a s nQj A SVCG- 1 | I n
]'Ehe coolhi n r?‘ﬁfﬁﬁ?ﬁé app]dn%s Cﬁggtﬁn&oduﬁxﬁg%ﬁ%g%\%%n%g %‘Jn)rﬁh%geg%%gp%%\r/-i dgd
or eac 20 of the _branch_pipes fqr coqlin 6a- C_.. 6b-C On the other
hand, a5ch§Bﬁn9§Fv61€QV§¥“§I+ngﬂ388HP98rhegﬁé%¥ﬁﬁéF?5fr%ﬁ%r;e riggrant,
flow fromthe heat exchangers (1A, 1B) on the_secon-  dary heat source
side to th§lpwaodhnengh ckheafisst( Prannhed liquidepdpe A3R) (30 Bhe

openi ng during the heating running and 25 closing during the cooling
runni ng ar gipstvildgditdopipech(25d), joins the liquid refrigerant in the

main liquid pipe (25A) and then flows through the first heat
exchanger (12A) on the primary heat source side.

10 on the other hand, in the secondary refrigerant circuit
(B), condensation of a refrigerant (heat radiation operation)
is caused in the first heat exchanger (1lA) on the secondary
heat source side and evaporation of a refrigerant (heat ab-
sorption operation) is caused in the .first heat exchanger

15 (la) of the second heat exchanger (1B) on the secondary heat
source side. Thus, the internal pressure of the first heat
exchanger (la) of the second heat exchanger (1B) on the sec-
ondary heat source side rises. The pressure is applied onto
the second and the third heat exchangers (1b, 1lb’) of the

20 second heat exchanger (1B) on the secondary heat source side.
As indicated by the broken-line arrows in Figure 14, the lig-
uid refrigerant is supplied from these heat exchangers (1la,
1b, 1b’) through the branch pipe (7b) of the liquid pipe (7)
into the indoor heat exchangér (3). The pressure of the lig-

25 uid refrigerant is reduced in the indoor electrically motor-



55 t he branch pipes for heating (6a-W 6b-W. The
branch pipes (7a, 7b) of the liquid pipe (7) are branched into branch
pi pes for cooling (7a-C, 7b-C) and branch pipes for heating (7a-W
7b-W, respectively. A check 5 valve (CV2) allowing only the liquid
refrigerant to flow from t he heat exchangers (1A, 1B) on the secondary
heat source side to the indoor heat exchanger (3) and a sol enoid val ve
(SVC 2) izederxpanddonnyallve c@ving rafwengthedlifoddngeduigeganite is
heating running are provided for each of the branch pipes for 10 cooling
(7a-C "7b- Grapbitated difi¥ndaidodr Cheak \alcrangE¥3)(3), eéondggianice he

liquid refrigerant to flow fromthe indoor heat exchanger (3) to the

heat exchaggggg{%%}\% E)JsB?aQ&éd‘etl?P&ﬁ%h_ thenﬁg%&gﬁei‘;iﬁu 6&) S&ﬁegﬁgf s

sol enoid v peni ng during t atin uhni’ng an SI ng

?Elﬁ | Egai Eﬁg‘iﬁg'b i< st shefly ?—ie@gvg*@:p ri&éi%? B, %reﬁﬁ%%?-%%f%%%%? R Co
ber formdd 868 (18 yban Tho)staf oene RIS HeRt, BHctiangls (AL Ghotba e

so- 20 lenoid valve (SVG 1) coupled to the heat exchange( (1B) on the
secondary fegendayycdestdEsqunas c9ide- t h&he @gaserur refclgayant recov-

ered into the respective heat exchangers (la, 1b, 1b’) ex-
changes heat with the respective heat exchangers (12a, 12b,
12¢) of the first heat exchanger (12A) on the primary heat

10 source side. And the refrigerant is condensed and reserved
as a liquid refrigerant.

After such an operation has been performed, the switch-
ing operations are performed in the respective refrigerant
circuits (A, B) to establish a second cooling running state,

15 and heat radiation and heat absorption operations are inter-
changed between the respective heat exchangers (1A, 1B) on
the secondary heat source side. As indicated by the solid-
line and broken-line arrows in Figure 15, the refrigerant
that has flowed from the second heat exchanger (1B) on the

20 secondary heat source side to the indoor heat exchanger (3)
is recovered into the first heat exchanger (1A) on the secon-
dary heat source side, whereby a refrigerant circulation op-
eration is performed.

Next, the room heating running thereof will be de-

25 scribed.
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t he sol enoid valve (SVC-2) coupled to the heat exchanger (1A) on the
secondary heat source side |located on the |left-hand si de are opened and
t he ot her sol enoid valves are closed. 25 The other state is a state
where the sol enoid val ve (SVC 56

2) coupled to the heat exchanger (1B) on the secondary heat source side
| ocated on the right-hand side and the sol enoi d val ve (SVC-1) coupled
to the heat excirhesertHelMedbinderanndng is santddattheufdessi dedtdany ed
on the left-hand side are opened 5 and the other sol enoid val ves are

closed.  rypningRASRd s SERLSE1PM @stallikded.y Sepésigicallp] ey Rdle

formng the re rlgerant circul ation operatlon and cooling the |ndoor

8 ke e A ST TREL FME s Sl
t at |
£,51°0¢ vhshe Wiegol e e Vfoafcaen@aae. e %sa&@re,«g%sshgﬁf;h@}

and the sol enoi d val ve é coupl ed to the heat exchan er él on
t he secén- thizdjgag Heipe so3Pkl Pa'e Yhe afL8Shn heqd | ¢k S|(a Ajr on
opened and the other sol enoid val ves are cl osed.

the primary heat source side and the solenoid valve (SV4) of
the second gas pipe (3la) for the second heat exchanger (12B)
on the heat source side are opened, and the other solenoid
valves are closed. On the other hand, in the secondary re-
10 frigerant circuit (B), the solenoid valve (SVW-1) coupled to
the heat exchanger (1A) on the secondary heat source side lo-
cated on the left-hand side and the solenoid valve (SVW-2)
coupled to the heat exchanger (1B) on the secondary heat
source side located on thé right-hand side are opened and the
15 other solenoid valves are closed.

If the compressor (11) is driven in such a state, the re-
frigerant discharged from the compressor (11) flows through
the outlet line (30) into the respective heat exchangers (1l2a
to 12¢) of the first heat exchanger (12A) on the primary heat

20 source side in the primary refrigerant circuit (A) as indi-~
cated by the solid-line arrows in Figure 16. The refrigerant
exchanges heat with the respective heat exchangers (la, 1b,
1b’) of the first heat exchanger (12A) on the secondary heat
source side. The refrigerant applies heat to the refriger-

25 ants in these heat exchangers (la, 1b, 1b’) and is condensed.
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The other state is a state where the sol enoid val ve (SVW 2) coupled to
t he heat exchanger (1B) on the secondary heat source side |ocated on
the right-hand side and the solenoid 20 valve (SVW1) coupled to the heat
exchanger (1A) on the secon- dary heat source side |ocated on the

| eft - hand side are opened and the other solenoid val ves. are cl osed.
Wiile alternately swtching these two states, the refrig- er ant

circul ati orhepeafitiea ithepardfrigsrantd ifhethedfdrsai heat eXuhadrjead (Ia) he
same way as in the eighth enbodi nent descri bed

57 flows GHORYRh the firshS PAnGReANdeHEIAODigd {#af ChRROMRN!

circuit of this enbodi ment, the room cooling running and heating
the  5ovar carsFela Bl R ' (aRd) TEGRTSHY Tdth CPRGEq BIpfl (2t hnl
practical Shg SUMIANNY SUSSL AL ER BE 6L, pnizy poatl Baliaa et
obncogdr STgs, B! RACHReSD whe ot 55 RcaRedsAhabi Bike o,
be constitg;gg gﬁeamain i&g%&g Bﬁ%g ?éggﬁqge&he liguid refrigerant that
has flowed through the main liquid pipe (25A) flows through
the first heat exchanger (12a) of the second heat exchanger
(12B) on the primary heat source side. The liquid refriger-
10 ant exchanges heat with the first heat exchanger (la) of the
second heat exchanger (1B) on the secondary heat source side.
The liquid refrigerant extracts heat from the refrigerant in
the heat exchanger (la) and 1is evaporated. Thereafter, the
refrigerant returns through the second gas pipe (31a) and the
15 inlet line {(31) to the compressor (11).
On the other hand, in the secondary refrigerant circuit
(B), evaporation of a refrigerant (heat absorption operation)
is caused in the first heat exchanger (1A) on the secondary
heat source side and condensation of a refrigerant (heat ra-
20 diation operation) is caused in the first heat exchanger (la)
of the second heat exchanger (1B) on the secondary heat
source side. Thus, the internal pressures of the respective
heat exchangers (la, 1b, 1b’) of the first heat exchanger

(1A) on the secondary heat source side rise. BAs a result,

25 the gaseous refrigerant is supplied from the respective heat
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(El event h Enbodi nent) Next, the entire arrangenent of specific
circuitry ob- 15 tained by conbining the secondary refrigerant circuit (B)
de- scribed in the tenth enbodinment with the primary refrigerant
circuit (A will be described. As shown in Figure 13, in this
enbodi nent, the primry refrigerant circuit (A) includes: a conpressor
(11); a four- 20 position selector valve (22); an outdoor heat exchanger
(14) peachdagewst [{1an aM,dab’ ) arthxXdygh nthdebranchi pypeh¢badf pfarche
outdoor electrically notorized expansion valve (EV); and heat
exchangersgééZﬁip&@s )Oinftlte thd MRHdbIE HeatOWxehanige®, (83CAnd codldeniziedh i s

constituted by a plurality of heat exchangers. 25 1n the outdoor heat
Therﬁafter, the regrggfgahid_

exchanger (14 pe ﬁﬁi%c%'[ ggeafdop&él?aﬂr&#r[s %3 e gasiside an

58 conne one e h r%bf on t

id [ N . N AV
ide.” "¢ bAe) 1B kRl Lo bR Reo B PARA T B ) Shuse A9 Bibes
side and an_inlet_ side of the conpressor

11) b f th
four-poditi{dn SAdkecthenyZegoversd MR Fget gea%iﬁréeqaitri’i? glagateexchangers

(l1a, 1b, 1b’) of the second heat exchanger (1B) on the secon-
dary heat source side.
After such an operation has been performed, the switch-
ing operations are performed in the respective refrigerant
10 circuits (A, B) to establish a second heating running state,
and heat radiation and heat absorption operations are inter-
changed between the respective heat exchangers (1A, 1B) on
the secondary heat source side. As indicated by the solid-
line and broken-line arrows in Figure 17, the refrigerant
15 that has been introduced from the second heat exchanger (1B)
on the secondary heat source side to the indoor heat ex-
changer (3) is recovered into the first heat exchanger (1A) on
the secondary heat source side, whereby a refrigerant circula-
tion operation is performed.
20 As described above, in this embodiment, since the room
cooling running and heating running can be arbitrarily set
and the continuous running thereof can be performed, a highly

practical air conditioning system can be obtained.

25 (Twelfth Embodiment)
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side pipe (24) includes: an outlet gas |ine (24a) connecting t he outl et
side of the conpressor (11) to the four-position sel ector valve (22);
and an inlet gas line (24b) connecting 10 the inlet side of a conpression
mechani sm (21) to the four- position selector valve (22). The inlet
gas line (24b) is provided with an accunul ator (28). The

| i qui d-side pipe (25) is provided with the outdoor electrically

motori zed expanghes eabodinEdY. conetdndtes theechhdaryuirefrigenante oizs) i s
connected to the outdoor heat ex- changer (14) and the other end

thereof i Scti&%”(‘(%gd fo1 O3 mu1bi2Ash RoReStiWhity Aystanneet ad soadalded
respective heat 'eX- changers (12a to 12c) on the primry heat source

side. The ,.__Liquid-side nine (25)iack D b s 0l ; d
20 b ?gg?ediifau%?°%1§*ﬁ%§§ﬁ% 28 oA TRAEET S B EL By P ek

i pe . r ti hed | i gui.d. pipes .(25a . ,
Connoct ot PEERETRBARSEXEnARgere (120 W cIoAte indivigsated ipboded 1n

The primary refrigerant circuit (A) further ipcludes: an 25 ouytlet line
(30) fof canpéerahityneforeems andewiich AR phdividually seledt ‘oling

59 pressor (11) to the respective heat exchangers (12a to
12c) running or heating running. It is noted that only the differ-

ence from the refrigerant circuit (see Figure 12) as described
in the tenth embodiment will be described hereinafter.
As shown in Figure 18, the secondary refrigerant circuit
10 (B) includes two (first and second) gas pipes (6A, 6B).
Branch pipes (6a-C, 6b-C) for cooling are connected to the
first gas pipe (6A) and branch pipes (6a-W, 6b-W) for heating
are connected to the second gas pipe (6B). The gas-side pipe
(38) of each of the indoor heat exchangers (3, 3, ..) is
15 branched into a first connection pipe (3A-1) and a second con-
nection pipe (3A-2). The first connection pipe (3A-1) and the
second connection pipe (3A-2) are connected to the first gas
pipe (6A) and the second gas pipe (6B), respectively. Sole-
noid valves (Sv7, SV8) are provided for the respective connec-
20 tion pipes (3A-1, 3A-2). The other arrangement is the same as
that of the tenth embodiment described above..
Next, the air conditioning running operation will be de-
scribed. |
First, if the entire heat balance of the respective in-

25 door heat exchangers (3, 3, ..) indicates a cooling request
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on the primary heat source side; and an inlet line (31) for recovering
t he gaseous refrigerant fromthe heat exchangers (12a to 12c) on the
primary heat source side to the inlet 5 side of the conpressor (11).
Furthernore, of the six heat exchangers (12a to 12c) on the primry
heat source side, the three heat exchangers (12a to 12c) | ocated on the
| eft-hand side in Figure 13 constitute the first heat exchanger (12A)

on the pri pgpy é&ainﬁiél)r §¢ the fhflBefO6fexa8660i Nabeakchanderd epdetdrm-
exchanger (1A) on the secondary heat source side |ocated on the

|l eft-hand sihde Jgd1ing & : i & MPOA Sehib BeV e £ SiHfiddrdWHeéntl2) .
The th?ég ﬁ%%?lg'cﬁgﬁg%h ?ﬁ%a to %§2§h§§ ?Ee ?ﬁgﬁt-hand si de

e for CRERBABORGSnoHEL BPTRERe Mo, ke FRE £dRIQERat D

heat source side Iocateﬂ on the right- hand side in the tenth
enbodi nent States are splegtahles, rangenents of the respective heat
exchangers (12A, 12B) on the primary heat source side are substantially

20 the Sane, th&neomfecthensietess B ahstatepomerr phpesodeneid valyesc
30, 31) with respect to one heat exchanger (12A) on t he secondaré heat

source si d¢svckl)beapded el hbecheattt eexchangey sHlA) hepe theats rs
will be herein referred to as a first, a second and a third heat
géchanger hé3de soukde) didenlotatidit on gbhef deftohandi side. and the sole-
noid valve (8VC-2) coupled to the heat exchanger (1B) on the
secondary heat source side located on the right-hand side are
10 opened and the other solenoid valves are closed.
The other state is a state where the solenoid valve (SVC-
2) coupled to the heat exchanger (1lA) on the secondary heat
source side located on the left-hand side and the solenoid
valve (SVC-1) coupled to the heat exchanger (1B) on the secon-
15 dary heat source side located on the right-hand side are
opened and the other solencid valves are closed. These two
states are alternately selected.
Oon the other hand, if the entire heat balance of the re-
spective indoor heat exchangers (3, 3; ..} indicates a heating
20 request (for example, if the number of indoor heat exchangers
performing heating running is larger than the number of indoor
heat exchangers performing cooling running), the following two
states are selectable.

One of the states is a state where the solenoid valve

25 (SVW-1) coupled to the heat exchanger (1lA) on the secondary
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The first heat exchanger (12a) is connected at the | ower end to the

first branched liquid pipe (25a) that is branched fromthe main liquid
pi pe (25A) and that includes a capillary tube (CP). One end of the
first liquid pipe (25d) is con- 5 nected between the capillary tube (CP)
of the first branched liquid pipe (25a) and the first heat exchanger
(12a). The first liquid pipe (25d) is connected at the other end to

t he maheati goudtce EEide2)catedl ol theslefthbahdvslide @fd3)the -sole-

lowing only the liquid refrigerant to flow fromthe first 10 heat
exchanger pbid) viadvehqswi-2) idbligidd R (2R hedbeelBhanger PE1B§NGOftHe

first heat exchanger (12a) i's connected to the outlet line (30) through
the first ' ' t Al IR h s nd
gas pi pe (FeophiBEy ROaL 884rg lfe 1ocaliol ol Whel diare O SR M e

f h ' vely. h d h
exc h;nSe?a?’?ﬁé%dipéggzﬁﬁg265{5&%??%%1(:?%%&?&1@6% s §%°§%%Zd§ei§ﬁ3”br aﬁiheg
l'i quid pi 25h h ' ' I qui ' 25A
hai i ndl Udes aThe OEREEKSHAFSoLE CUaTEatF ORRRE oI AFRETR R eive (Fan

e
V& r(®dant
to 20 flow fromthe second heat exchanger (12b) to the main |iquid
pi pe (25A) 2) TROupdpdr thdthe hpatsexshangex: (@MhPRethelsgrondarys heat
connected to the outlet line (30) through the third gas pi pe (30b). A
sol enoi d vaburcéSw¥hde slpratvediednf dthe hdefhi-hand side and the solenoid

valve (SVW-1) coupled to the heat exchanger (1B) on the secon-

dary heat source side located on the right-hand side are

10 opened and the other solenoid valves are closed. These two
states are alternately selected.

Moreover, the opening/closing states of the solenoid

valves (8V7, SV8) provided for the first connection pipe (3A-

1) and the second connection pipe (3A-2) are selected such

15 that the solenoid valve (SV7) of the first connection pipe

(3A-1) connected to an indoor heat exchanger (3) performing

cooling runninj is opened and the solenoid valve (SV8) of the

second connection pipe (3A-2) is closed. On the other hand,

the solenoid valve (SV8) of the second connection pipe (3A-2)

20 connected to an indoor heat exchanger (3) performing heating

running is opened and the solenoid valve (8V7) of the first
connection pipe (3A-1) is closed.

In such a state, the liquid refrigerant is supplied

through the liquid pipe (7) to the indoor heat exchanger (3)

25 performing cooling running. On the other hand, the liquid re-
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gas pipe (30b). 25 The third heat exchanger (12c) is connected at the

| ower 61 end to the third
branched |iquid pipe (25c) that is branched fromthe main liquid pipe
(25A) and that includes a check valve (CV5) allowng only the liquid
refrigerant to flow from the main liquid pipe (25A) to the third heat
exchanger (12c) 5 and a capillary tube (CP). The upper end of the third
heat exgigepeting 23 baGpphiv@ctedmt théheetohdt ghsngipadl)( 68)r digiough
the fourth gas pipe (31b). A solenoid valve (SV6) is also provi ded for

the fourthifassbofd (Gdfection pipe | (BA-15 S&F QME Bnfyoie hdat]ExEhanger

(25b), one end of a 10 first connecting pipe (32) is connected between the

second é?f)e Eﬁgfg Qgsrh(eglggéga%nhriﬁ Che%vﬁe}é@sﬁ ©4) th@h%é%ﬁ%%: \pp

of the fir necting’pip 'S CO nected tween

h 1 dth | | b
i 0 pi péndoes cheat FrCRRBSERF (3 gaf prs 1oV 1%%'&5%8%*“6‘% 53305,

connecting pipe (33) is connected betmeen t he second heat exchanger
(12b) ahd ¥h@nsﬁme®kﬁghﬁéﬂ%ng runmid@y) . The other end of the second
connecting pipe (33) is connected between the third heat exchanger

(12c) and the sole-
(Variants of Primary Refrigerant Circuit)
In the following thirteenth and fourteenth embodiments,
variants of the primary refrigerant circuit (A) to be combined
10 with the above-described secondary refrigerant circuit (B)

will be described.

(Thirteenth Embodiment)
The primary refrigerant circuit (B) of this embodiment
15 is a variant of the primary refrigerant circuit (A) to be
combined with the secondary refrigerant circuit (B) of the
above-described first embodiment, and is constituted as a
heat pump circuit.
As shown in Figure 19, the primary refrigerant circuit
20 (A) of this embodiment is constructed by connecting a com-
pressor {(11), a four-position selector valve (22), an outdoor
heat exchanger (14), a first electrically motorized expansion
valve (EVW), a heat exchanger (12A) on the primary heat
source side, a second electrically motorized expansion valve

25 (13) and an auxiliary heat exchanger (15A) to each other



noid valve (SV6) in the fourth gas pipe (31b). 20 On the ot her hand,

the secondary refrigerant circuit (B) IS the sane as that described in
the tenth enbodi nent. O the pair of heat exchangers (la, 1b) of the
tent h enbodi nent, the smaller one on the right-hand side or the first
heat ex- changer (la) on the secondary heat source side is disposed 25
adj acent to the first heat exchanger (12a) and exchanges heat

62 throught keresftigerdint t pépet a6 )handa biye-passgerimee (BRLY hbyl-ef t -
hand side or the heat exchanger (1b) is constituted by a pair of

(second angakBiing) ﬁl@taﬂfhﬁaﬂyrﬁe&%b,eﬁﬁan@é!rtgisa?c% proviided fheal

sour ce side,

whi ch are connected in paralle each other and are

d d h
120y, espeRerla S, ‘h%?‘éb%‘i%}*? chERR) o5 e ﬁ’i"?é“&%aﬂ‘?%t sekets

say, these heat a8 ch ers b ted arallel to
each ot her® 148 ﬁ ths é"rou&n(??% fseglreec ot}m‘é% Fgff Ebgn —5A5Es
(6a, 10 6 gas nd the | gyer ends hereof are con-

nected fo E%Bebﬁ Eh ﬁ?pgggP?éed7B?t8ft?ﬁeleﬁﬁl&n %@ pifdle. A chegky;
the air conditioning running thereof wll be de- scribed. First, the

cool i ng ru¥Alvg {G¥-8dn \and ae @utlet-side solenocid valve (SV-Bl) al-

lowing only the refrigerant to flow from the compressor (11)

to the heat exchanger (12A) on the primary heat source side

are provided for one of the branch pipes. A check valve (CV-

10 B2) and an inlet-side solenoid valve (SV-B2) allowing only

the refrigerant to flow from the heat exchanger (12A) on the

primary heat source side to the compressor (11) are provided

for the other branch pipe.

Moreover, the primary refrigerant circuit (A) is

15 switched in accordance with the selection operation of the

four-position selector valve (22) between a state in which

the outdoor heat exchanger (14) is connected to the outlet

side of the compressor (11) and the heat exchanger (12A) on

the primary heat source side is connected to the inlet side

20 of the compressor (11) (i.e., the state indicated by the sol-

id lines in Fiqure 1) and a state in which the outdoor heat

exchanger (14) is connected to the inlet side of the compres-

sor (11) and the heat exchanger (12A) on the primary heat

source side is connected to the outlet side of the compressor

25 (11) (i.e., the state indicated by the broken lines in Figure
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scribed with reference to Figures 14 and 15. 15 When the cooling

running is started, the first cooling running state is established.
Specifically, in the primary refrigerant circuit (A), the four-position
sel ector val ve (22) is switched to the direction indicated by the solid
lines, the solenoid valve (SV3) of the first gas pipe (30a) 20 for the
second heat exchanger (12B) on the primry heat source side, the

sol enoid vahye (SVv4) of the second gas pipe (31a) for the first heat
exchanger (12A) on the primary heat source side and the sol enoid val ve

(SV6) and the epgCihCath¥r hant! @heZ8dconBary eerydlgéeantViietutilte (B)ird
gas pipe (31b) are 25 opened, and the other sol enoid val ves are closed. On

t he ot h- . 6 : . eles dem N
the secondlP§ FRP: FEe,SORSERIR IOy (Tt dfeserived i thelhiRgToer
coupled to the heat exchanger (1A) on the secondary heat source side

| ocat ed onPP émFagt-hand si de and the solenoid valve (SVC2) coupled to
t he heat exchanger (1B) . 5 on the secondary heat sou ' ocat ed 33 t he

ri ght - h&nd hgeOREBiBFLFAPSIRG ﬁﬁ?ﬁﬁﬁuﬂfS%W%n%?@gS%iégga ves:|(§Y
If the conpressor (11) is driven in such a state, a part of the
refri ger an8Vai scHvrBbd f§OrB2he ciher elmatyically aetrorized expansion
valves (EVW, 13, EV1) and the four-position selector valve
(22) are controlled by a controller {(C).
Next, the room cooling running operation of the refrig-
10 erant circuits (A, B) having the above-described comnstruction
will be described.

When the cooling running is started, the four-position
selector valve (22) is firstly switched to the direction in-
dicated by the solid lines, the opening degree of the first

15 electrically motorized expansion valve (EVW) is adjusted at a
predetermined degree and the second electrically motorized
expansion valve (13) is fully opened in the primary refriger-
ant circuit (A). In the by-pass line (BPL), the inlet-side
solenoid valve (SV-B2) is opened and the outlet-side solenoid

20 valve (SV-Bl) is closed. In the secondary refrigerant cir-
cuit (B), the first solenoid valve (SVl1l) is opened and the
second solenoid valve (8V2) is closed.

In such a state, the compressor (11) is driven. Then,

in the primary refrigerant circuit (A) as indicated by the

25 solid-line arrows in Figure 19, a high-temperature, high-
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densed in the outdoor heat exchanger (14) in the primary re- 10 frigerant

circuit (A as indicated by the solid-line arrows in Figure 14. The
pressure of the refrigerant is reduced in the capillary tubes (CP) of
the first and the third branched lig- uid pipes (25a, 25c) coupled to
the first heat exchanger (12A) on the primary heat source side. And the

refrigerant flows in 15 the respective heat exchangers (12a, 12b, 12c) of

the first presbage ejadwviger réfridyepanthdipdhmgedefitosothee coimpressorhe
liquid refrigerant exchanges heat with the respective heat ex- changers

(la, 1b, 1 3'121 1Ol xich@nlyelss heatatwi®tr RaWesutddr 04it hén thesoatddalry heeal

source sid The liquid refrigerant extracts 20 heat fromthe

0195 TLSchBpbls, LIVTERH L BRRORERANICRRe probkted b o i

evapor at ed. e rerrirgera

(31) to the conpressor.(11).. L T h f . ef
QischaLgedgFP?ﬁtﬁﬁﬂfedé?ﬁﬁm+%s§8? Eﬂﬁgﬁn%i@ﬁ%ﬂﬁ%%%%gtﬁég§65?8?'%ﬁﬁ%&%QO)
into the 5 first t h 12 f th d h

64 'S alon 'SakVE nCEWN) mar PRGN CBEr CETENGETANH ST FIYR aHERE B

exchanges heat with the first heat exchanger (la) of the second heat
exchanger the) heatt exchavgetal}2Rdarnsfliec primaxy heat seurce side with

the heat exchanger (1) on the secondary heat source side, and

the refrigerant extracts heat from the refrigerant in the

heat exchanger (1) on the secondary heat source side and is

10 evaporated to return to the compressor (11) through the by-
pass line (BPL). This circulation operation is repeated.

On the other hand, in the secondary refrigerant circuit

(B), the refrigerant of the heat exchanger (1) on the secon-

dary heat source side, the heat of which has been extracted

15 because of the heat exchange with the heat exchanger (12A) on

the primary heat source side, is condensed as indicated by

the one-dot-chain arrows in Figure 19. As a result, the in-

ternal pressure of the heat exchanger (1) on the secondary

heat source side falls. Owing to a difference in pressure

20 between the heat exchanger (1) on the secondary heat source

side and the indoor heat exchanger (3), the gaseous refriger-

ant in the indoor heat exchanger (3) is recovered into the

heat exchanger (1) on the secondary heat source side through

the gas pipe (6). The gaseous refrigerant recovered into the

25 heat exchanger (1) on the secondary heat source side is
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frigerant applies heat to the refrigerant in the heat ex- 5 changer (la)

and is condensed. Thereafter, the refrigerant fl ows through the first
branched |iquid pipe (25a) and the first liquid pipe (25d), joins the
liquid refrigerant in the main liquid pipe (25A) and then flows through
the first heat exchanger (12A) on the primary heat source side. 10

On the other hand, in the secondary refrigerant circuit (B,

condensat i ebodkda bye ftiheg afesfitti ddrait rflvwingnthpeughi thg heati exchareyen n
the first heat exchanger (1A) on the secondary heat source side and

evapor at i Or(lmh)adxﬁfﬁﬁ&%ﬁﬂhaffeﬁba%bsourcéOémé 0800RE aid Op¢ hS 1dapsed in
the first heat exchanger 15 (Ta) of the second heat exchanger (1B) on the

secondary . ur ce sShdes es:ihn € t figpst
heat iohrigeraity) it e JobEryldD it Aot TESUAENGEL! 83)!
ondary heat,source side rises. The pressure is applied onto t he second
and the th%P& ﬁ?&?n§§5ﬁah88$ss?P5?elﬁ' €5t the 20 second heat exchanger

S rous Bn Fi gur BEE ERASI PRETation BascRerdoPRRE K BetupR Pt HHORG KBS |

heat exchangers (I a, 1b, 1b') through the branch pipe (7h) of the

| i quid pi pergtjion isj peyfoxmednddoreainiobxthangefrigpranke cgreddikse (&: t he

lig- 25 uid refrigerant is reduced in the indoor electrically notor-

65 B). The first electrically motorized expansion valve (EVW)
is fully opened and the opening degree of the second electri-
cally motorized expansion valve (13) is adjusted at a prede-

10 termined degree. In the by-pass 1line (BPL), both the
solenoid valves (SV-Bl, SV-B2) are closed. In the secondary
refrigerant circuit (B), the first solenoid valve (SV1) is
closed and the second solenoid valve (8v2) and the indoor
electrically motorized expansion valve (EV1l) are opened.

15 As a result, in the primary refrigerant circuit (A) as
indicated by the broken-line arrows in Figure 19, the high-
temperature, high-pressure gaseous refrigerant discharged
from the compressor (11) exéhanges heat with the outdoor air
in the outdoor heat exchanger (14) and is condensed. There-~

20 after, the refrigerant exchanges heat in the heat exchanger
(12A) on the primary heat source side with the heat exchanger
(1) on the secondary heat source side. After the refrigerant
has fallen into an excessively cooled state while applying

heat to the refrigerant in the heat exchanger (1) on the sec-

25 ondary heat source side, the pressure of the refrigerant is
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| zed expansion valve (EV1). After the liquid refrigerant is evapor at ed
I n the indoor heat exchanger (3), the liquid re- frigerant is passed
through the branch pipe (6a) of the gas pi pe (6) and then recovered
into the respective heat exchang- 5 ers (la, Ib, Ib") of the first heat
exchanger (1A) on the secondary heat source side. The gaseous
refrigerant recov- ered into the respective heat exchangers (la, Ib,

Ib') ex- redabaagam Rard sdddnd heléespiealyy hotbrizelaegpansidnavalite
12c) of the first heat exchanger (12A) on the primary heat 10 source side.

And the refhhger akhel $2214PaR¢ RENAAYREY Heat with dhd Guitdood! Eigerant .
After such an’operation has been perforned, the switch- I ng operations

et abl1 sh PG M A EiRhedF Miony arfl [ Epafratia Bo ve;

e;tablish ng runil ng s heat radiation and heat
absorption operations are inter- hanged. bet ween. t he respective_ _heat
exchangersthﬁ,tﬂﬂghﬁl°°mP¥?E§%5c6ﬁﬁgry s ohrcRlatyen ﬁggrﬁéﬁegtgﬁ by
t he solid- | ine and broken-line arrows in Figure 15, the refrigerant
that ha8 fremeatedeom the second heat exchanger (1B) on the 20 secondary
heat source side to the indoor heat exchanger (3) I's recovered into the
first heat exch@ng&he( bAhemn hand setwnthe segapdanyarefsigerasitdeingditeby

a refrigerant circulation op- eration is perfornmed. Next, the
room heati gg),uanipart hef ebhewrkelfriigettant of stire beeat exchanger (1) on

the secondary heat source side, to which heat has been ap-
plied because of the heat exchange with the heat exchanger

10 (12A) on the primary heat source side, is evaporated as indi-
cated by the two-dot-chain arrows in Figure 19. As a result,
the internal pressure of the heat exchanger (1) on the secon-
dary heat source side rises. Owing to a difference in pres-
sures between the heat exchanger (1) on the secondary heat

15 source side and the indoor heat exchanger (3), the liquid re-
frigerant in the heat exchanger (1) on the secondary heat
source side is pushed from the lower part of the heat ex-
changer (1) on the secondary heat source side into the indoor
heat exchanger (3) through the liquid pipe (7). The pressure

20 of the liquid refrigerant pushed into the iﬁdoor heat ex-
changer (3) is reduced in the indoor electrically motorized
expansion valve (EV1). Thereafter, the liquid refrigerant ex-
changes heat with the indoor air in the indoor heat exchanger
(3) and is evaporated, thereby cooling the indoor air.

25 The switching operations are alternately performed in
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66 When the heating running is started, the first

heati ng running state is firstly established. Specifically, in the
primary refrigerant circuit (A), the solenoid valve (SV3) of the first
gas pipe (30a) and the solenoid valve (SV5) of the 5 third gas pipe (30b)
for the first heat exchanger (12A) on the primary heat source side and
the sol enoid valve (Sv4) of the second gas pipe (3la) for the second

heat exchapger fdeifctive Ofreifiidgeqaintsoviceuitse he @entd, el boverher
sol enoi d val ves are closed. On the other hand, in the secondary re-

10 fri geraggcf%fﬁ?'%aﬁﬁ .thggsgl paghtityatue €SYM )araaupbaecug_ates tile

heat exchanger e secondary heat source si cated on the

Sl Rt R o i e

exchanger sourc ocated on the

ri ght-hand,si de d d th 1 h | e .
11 T he combpeess, adrs) 1A viA FhesBERta eéas" oa%%iﬁ%?%ﬂ Enier R
di scharged fromthe conpressor (11) flows thrp outlet Ji.ne (30)
into thé rbegémente heat erdhliydiansported %‘6 5126) SS‘F’of’ﬁérY i Fefrigsr-

exchanger (12A) on the primary heat 20 source side in the primary
ref ri ger ananti cducuitA) Bys witdiout providing any driving source such as

a pump for the secondary refrigerant circuit (B).
Next, the heating running will be described with refer-
ence to Figure 20.

10 In the heating running, the four-position selector valve
(22) is firstly switched to the direction indicated by the
broken lines, the first electrically motorized expansion
valve (EV1) is fully opened and the opening degree of the
second electrically motorized expansion valve (13) is adjust-

15 ed at a predetermined degree in the primary refrigerant cir-
cuit (Aa). In the by-pass line (BPL), both the solenoid
valves (SV-Bl, SV-B2) are closed. In the secondary refriger-
ant circuit (B), the first solenoid valve (SV1l) is closed and
the second solenoid valve (SV2) is opened.

20 Then, in the primary refrigerant circuit (A) as indicat-
ed by the solid-line arrows in Figure 20, the high-
temperature, high-pressure gaseous refrigerant discharged
from the compressor (11) exchanges heat with the outdoor air
and is condensed in the auxiliary heat exchanger (15A).

25 Thereafter, the pressure of the refrigerant is reduced in the
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cated by the solid-line arrows in Figure 16. The refrigerant exchanges

heat with the respective heat exchangers (la, 1b, 1b') of the first

heat exchanger (12A) on the secondary heat source side. The
refrigerant applies heat to the refriger- 25 ants in these heat exchangers
(la, 1b, 1b') and is condensed. 67
Thereafter, the refrigerant in the first heat exchanger (la) flows

t hr ough t hsetondt dlrearintieralliyqunoter peed 2 expaarsidrhevalve f(il3gt. | i Qe ,pi pe
(25d) into the main liquid pipe (25A) and the refrigerants in the
second andth8erébrigdebaat exehangessheak (hbDthébhpeat! ewchlh (22a)semond
branched |iquid pipe (25b) into the main liquid pipe (25A). The liquid

refriger anﬁh%ﬂgiimaryh%afﬂ WK ddIr @ ﬁ‘%h@lﬁe'tgﬁﬂégeﬁmnﬁ%ﬁw oK

t hr ough first heat exchanger (12a) of t eat ~ exc ger
12B) on t | a u id he_Li [ i - 4.1

Exchanges. HigrE&BhdaRE heall bhixak E1ad ny' I8, SvRBoFplEl to Jellin to

exchanger B) on the secondary. heat _souyrce side. The | jquid

T A eAEoHREeSRoE, (Lo FhRoomby Ehsuaidgar heaf Nexkhdbogx . (Ifder

(la) and is evaporated. Thereafter, the refrigerant returns through

t he secondThds pipeulationzaperpbionsisnrepeptad.(31) to the conpressor
(). Oon the other hand, in the secondary refrigerant circuit
(B), the refrigerant of the heat exchanger (1) on the secon-
dary heat source side, the heat of which has been extracted
16 because of the heat exchange with the heat exchanger (12) on
the primary heat source side, is condensed as indicated by
the one-dot-chain arrows in Figure 20. As a result, the in-
ternal pressure of the heat exchanger (1) on the seécondary
heat source side falls. Owing to a difference in pressure
15 between the heat exchanger (1) on the secondary heat source
side and the indoor heat exchanger (3), the liquid refriger-
ant in the indoor heat exchanger (3) is recovered into the
heat exchanger (1) on the secondary heat source side through
the liquid pipe (7).
20 After this operation has been performed, a switching op-
eration is performed in each of the refrigerant circuits (A,
B)}. The opening degree of the first electrically motorized
expansion valve (EVW) is adjusted at a predetermined degree

and the second electrically motorized expansion valve (13) is

25 fully opened. In the by-pass line (BPL), the outlet-side so-
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On the other hand, in the secondary refrigerant circuit (B)

evaporation of a refrigerant (heat absorption operation) I's caused in
the first heat exchanger (1A) on the secondary heat source side and
condensation of a refrigerant (heat ra- 20 diation operation) is caused in
the first heat exchanger (I a) of the second heat exchanger (1B) on the
secondary heat source side. Thus, the internal pressures of the

respecti velenoidleahl19echaswes) (is, othe.nelzb andf thiee inlet-side sollemoder
(1A) on the secondary heat source side rise. As a result, 25 the gaseous

refrlgeranya1§esvgelﬁgz foildied £SPER! it dondary refrigerant cir-
68 exc gers (1la, 1lb, 1b') through the branch pipe (6a) of

t he égg{:pg ,6) g fgpgh%g o&%atv—ﬁwﬂ (i)s %Mdsﬁaeghe

in thg |Ed 'exc anger reafter frlger-

passed throu rang e (7 f.the liquid pipe 5 (7) and then
recover ed ?ﬁ88n%h§°£§§8é t?@gvﬁeégbggcﬁgnﬁépggg (Ig 1b, (1£ ) of the
second heat exchanger (1B) on the secon- heat, source si.d

After sfich an oﬁb?ﬁtléﬁ khs B€éﬁ35¥rFGﬁﬁéHerPH§ Q%FFBH 18§éF ons

are perforned in the respective refrigerant 10 circuits (A B) to
est abl i sh edsdrpontibeedvioken+hineg agirems, the high-temperature, high~

pressure gaseous refrigerant discharged from the compressor

(11) is passed through the by-pass line (BPL). The refriger-

ant exchanges heat in the heat exchanger (12A) on the primary

10 heat source side with the refrigerant in the heat exchanger

(1) on the secondary heat source side and is condensed.

Thereafter, the pressure of the refrigerant is reduced in the

first electrically motorized expansion valve (EVW). The re-

frigerant is evaporated in the outdoor heat exchanger (14) to

15 return to the compressor (11). This circulation operation is
repeated.

Oon the other hand, in the secondary refrigerant circuit

(B) as indicated by the two-dot-chain arrows in Figure 20,

the refrigerant of the heat exchanger (1) on the secondary

20 heat source side, to which heat has been applied because of

the heat exchange with the heat exchanger (12A) on the pri-

mary heat source side, is evaporated. As a result, the in-

ternal pressure of the heat exchanger (1) on the secondary

heat source side rises. Owing to a difference in pressures

25 between the heat exchanger (1) on the secondary heat source
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and heat radiation and heat absorption operations are inter- changed
bet ween the respective heat exchangers (1A, 1B) on t he secondary heat
source side. As indicated by the solid- l i ne and broken-line arrows in
Figure 17, the refrigerant 15 that has been introduced fromthe second
heat exchanger (1B) on the secondary heat source side to the indoor
heat ex- changer (3) is recovered into the first heat exchanger (1A) on

the secondgiigehaatl ther dadsoge healteexbhangesf (396r ahle gasedus refrilgers
operation is performed. 20 As descri bed above, in this enbodi nent,

since the pAEMin tKOOhEAE 'dX¥NaMgerNd( DpabhNEnelNsbdhddry bReat bisoudidd ¥
set and the continuous running thereof can be perforned, a highly

g[rggg; grg'm g&&e%%diéﬁgmf&dsmﬁmﬁ@ Bsp&Pt awggof tife hé;{iefe'ef:mangﬁ .
enbodinentéggnstigﬁfes a second

multi-air dPBi engseﬁ?g‘[ o?’r%%t;g&{%ri e%gsn{dgi %r‘é‘é%gg}ﬁ’ﬂg%&ét%r r?%"
type including a plurality of indoor Jheat e{changers gﬁ, 3, ...),agghich
are i ndPvi 8haRgerdi(Soddrquah sthe 988 aPilPf dié JroonkiekheatkeEn thE 9
i ndi vidual ly sel ect cooling
eous refrigerant supplied to the indoor heat exchanger (3)
exchanges heat with the indoor air in the indoor heat ex-
changer (3) and is condensed, thereby heating the indoor air.
The switching operations are alternately performed in
10 the respective refrigerant circuits (A, B) in the above-
described manner. Thus, the refrigerant circulates 1in the
secondary refrigerant circuit (B), thereby heating the indoor
air. That is to say, even during this heating running, heat
can be transported in the secondary refrigerant circuit (B)
15 without providing any driving source such as a pump for the
secondary refrigerant circuit (B).
Moreover, in the construction of this embodiment, the
liguid refrigerant condensed in the outdoor heat exchanger
(14) during the room cooling running can be cooled in the
20 heat exchanger (12A) on the primary heat source side until
the refrigerant reaches the excessively cooled state. Thus,
the efficiency of the primary refrigerant circuit (A) can be
improved.

In this embodiment, a case of combining it with the sec-

25 ondary refrigerant circuit (B) of the first embodiment has



running or heating running. It is noted that only the differ- ence from
the refrigerant circuit (see Figure 12) as descri bed in the tenth

enbodi ment wil|l be described hereinafter. As shown in Figure 18,
the secondary refrigerant circuit 10 (B) includes two (first and second)
gas pipes (6A, 6B). Branch pipes (6a-C, 6b-C) for cooling are connected
to the first gas pipe (6A) and branch pipes (6a-W 6b-W for heating

are connechednt dekkeipedqnd AbtePEiveD), Tbemggstad dfonbieed witBAXhef
each of the indoor heat exchangers (3, 3, ...) Is 15 branched into a

first Connggﬁbﬁaa pfe%%ﬁgé%aﬁﬂdciréﬁiﬁnﬁB§OBf any BeakroBmBoASmedt-.2). The

first connection and second connectlon pi pe (3A-2) are
connected to the flrst gas pi pe (6A) and the second gas pipe (6B),
respectively. Sol e- noi d val ves (SV7, SV8) are provided for the
respecti ve connec- n.pipes (3A-1, 3A-2). The other arrangenent is
the sane a$F °“rt?ﬁBFhoFmPH@1§§ﬁFh embodi ment descrlbed above.

Next, the air conditioning running operation wll

First, Bf the cNexke Hdg fruekrenth embodimgad: |""(ﬁele]1 e QSsﬂﬁéPeﬁeé&lth

exchangers (3, 3, ...) indicates a cooling request
70 reference to Figures 21 and 22. This embodiment is a variant

of the primary refrigerant circuit (A) to be combined with the
secondary refrigerant circuit (B) of the tenth embodiment de-
scribed above, and is applied to an air conditioning system

10 which is selectable between cooling running and heating run-
ning.

The primary refrigerant circuit (A) of this embodiment
is constructed by connecting a compressor (1l1l), two (first
and second) four-position selector valves (22A, 22B), an out-

15 door heat exchanger (14), an electrically motorized expansion
valve (EV), a first heat exchanger {(12A-1) on the primary
heat source side and a second heat exchanger (12A-2) on the
primary heat source side to each other through a refrigerant
pipe (16).

20 The primary refrigerant circuit (A) is switched in ac-
cordance with the selection operation of the first four-
position selector valve (22A) between a state in which the
outdoor heat exchanger (14) is connected to the outlet side
of the compressor (11) (a state indicated by the solid lines

25 in Figure 21) and a state in which the outdoor heat exchanger



(for exanple, if the nunber of indoor heat exchangers perform I ng
cooling running is larger than the nunber of indoor heat exchangers
perform ng heating running), the follow ng two states are sel ectable.
5 One of the states is a state where the sol enoid val ve (SVC 1)
coupled to the heat exchanger (1A) on the secondary heat source side

| ocated on the | eft-hand side and the sol e- noi d val ve (SVC 2) coupl ed

to the heagieycHangssniddedntbhahe isbeONgady emttheucempeesdsoloqatgd on
the right-hand side are 10 opened and the other sol enoid valves are

cl osed. (i. the sthee ihaﬁ.@a%:%g?bgt the pEeken! 19neg! 4RO 'F@Lg‘d%'evﬁlgs.vc'

e.
2) coupledto f he heat exchanger n the secondary heat source side

| ocated on the kg%g??%?goﬁittq}e]\eeagrm§rl§%g_gg@rrggﬁggpséal Vce_u(c%\‘ﬁ. 1) pgogupli dto

t he heat exchange con- source side atéed on

t he right-han | de .are ened and the other sol enoid valves ape

cl osed. Wt’eg‘éﬁ?ao in a%‘f%’f‘ggn‘é? e¥ditler eF?fgcéF_éepe&peratmn °%n thee
other hand, if the entire _heat bal ance of the re- spective indoor heat
exchanger sS¢gond fouryppgdtianesedesdar volve (23R Rhetwern caafippbe in the
nunber of indoor heat exchangers perform ng heating running is |arger

t han the néhbeh &he ot heahesgxahagigere(I2hel § opmi rtdhe derimery ubgiatg)
the foll owi ng two states are sel ectable. One of the states is

a state whsoercéesideernis ccomiected5t¢ SYHel putmlaire chéak t éxchangeexganger
(1A) on the secondary 71
and the second heat exchanger (12A-2) on the primary heat
source side is connected to the compressor (11) (a state in-

10 dicated by the solid lines in Figure 21) and a state in which
the first heat exchanger (12A-1) on the primary heat source
side is connected to the compressor (11) and the second heat
exchanger (12A-2) on the primary heat source side is connect-
ed to the outdoor heat exchanger (14) (a state indicated by

15 the broken lines in Figure 21).

The secondary refrigerant circuit (B} has the same con-
struction as that described in the tenth embodiment. The
heat exchanger (1A) on the secondary heat source side located
on the left-hand side in Figure 12 exchanges heat with the

20 first heat exchanger (12A-1) on the primary heat source side,
and the heat exchanger (1B) on the secondary heat source side
located on the right-hand side exchanges heat with the second
heat exchanger (12A-2) on the primary heat source side.

Next, the cooling running of the refrigerant circuits

25 (A, B) having the above-described construction will be de-



heat source side | ocated on the left-hand side and the sol e- noi d val ve
(SVW 2) coupled to the heat exchanger (1B) on the secondary heat source
side | ocated on the right-hand side are opened and the ot her sol enoid
val ves are cl osed. 5 The other state is a state where the sol enoid
val ve (SVW 2) coupled to the heat exchanger (1A) on the secondary heat
source side located on the left-hand side and the sol enoi d val ve

(SVW 1) cogpkeBetlo the heat exchanger (1B) on the secon- dary heat
source side |located on the right-hand side are 10 opened and the ot her

sol enoi d val vesygpg Gmée@oollﬂaesetxhn@n? li&%ﬁtﬁ&t@ae abéEhnailed Y first
C

se:ecte? Mor eover, theé opening osing states of the sol enoid
val ves (S \Y/ de [ ( d
t he secong¥88§n§bfgggxg Qe%%é;é? éﬁ%igéle te Jﬂﬁi 1 th%?cfﬁg'sgkg%g]d

heat exchahgBItigR %’sﬁ%%ﬁ?#ﬂ%git L3RR e AR e %&%@&ﬁdt i oo

sol enoid val ve, (SV8) qof the second_ ¢qQnnecti on p 3A- osed On -
the othé&r Kefbion inddeatsdehy; FRey %‘él%%vé)m&? éb%n‘ape i‘ﬂ’l’éc CITEH pe
(3A-2) 20 connected to an indoor heat exchanger (3) performvé%heatlng

runni ng |306pmh§jeﬁﬁbttmcablﬁnvpﬁovawﬂﬂ(QﬂE@nﬁﬁonhﬁaiVﬁsﬂE cbhnadt

pi pe (3A-1) is closed.
justed at a predetermined degree in the primary refrigerant
circuit (A). On the other hand, in the secondary refrigerant
circuit (B), the solenoid valve (SVC-1) coupled to the heat

10 exchanger (1B) on the secondary heat source side located on
the right-hand side and the solenoid valve (SVC-2) coupled to
the heat exchanger (1A) on the secondary heat source side lo-
cated on the left-hand side are opened and the other solenoid
valves are closed.

15 In such a state, the compressor (11).is driven. Then,
in the primary refrigerant circuit (A) as indicated by the
solid-line arrows in Figure 21, a high-temperature, high-
pressure gaseous refrigerant discharged from the compressor
(11} exchanges heat with the outdoor air in the outdoor heat

20 exchanger (14) and is condensed. Then, the refrigerant ex-
changes heat in the first heat exchanger (12A-1) on the pri-
mary heat source side with one heat exchanger (1A) on the
secondary heat source side. And the refrigerant applies heat

to the refrigerant in the heat exchanger (1A) on the secon-

25 dary heat source side so as to be excessively cooled. There-
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In such a state, the liquid refrigerant is supplied through the liquid
pipe (7) to the indoor heat exchanger (3) 25 perform ng cooling running.

On the other hand, the liquid re- 72
frigerating is supplied fromthe second gas pipe (6B) through t he
second connection pipe (3A-2) to the indoor heat exchanger (3)
perform ng heating running. As a result, the respective | ndoor heat
exchangersaﬁaer$,the)pﬂéyﬁu&éhmilyhpeamqwﬁdxxéﬁrigefhnmnh$ngedndeﬂeéwing
runni ng. (Variants of Primary Refrigerant Circuit) In the

fol | owi ng ?Bﬁbr 589808 1A Y1V tc)%i?f)ﬁ enfpdi FBPE SgerantVektBahgesl hehe in

primary refrigerant circuit (A be conbined 10 with the above-descri bed

secondary &ﬁLrEgSBﬁﬁt?%gﬁ%%&thgﬁk efchﬂh rbq193§@5igﬁﬂthe primaby Hegnt h

Enbodi ment) mary refrigerant circui't (B) of "this énbodi nent

W th the SBEBRES, §irer Mg FHe St thedy S¥Cishber 18] 86, the SRERCT
enbodi nent, and is constituted as a
5 dary heat source side. The refrigerant extracts heat from
the refrigerant in the heat exchanger (1B) on the secondary
heat source side and is evaporated to return to the compres-
sor (11). This circulation operation is repeated.
on the other hand, in the secondary refrigerant circuit
10 (B), the heat exchanger (1B) on the secondary heat source
side, located on the right-hand side, falls into the heat-
radiation state and the gaseous refrigerant is recovered from
the indoor heat exchanger (3) throﬁgh the gas pipe (6) in the
same way as in the tenth embodiment described above. In the
15 meantime, the first heat exchanger (la) on the secondary heat
source side of the heat exchanger (1A) on the secondary heat
source side, located on the left-hand side, falls into the
heat-absorption state. Owing to the rise in internal pres-
sure caused by the evaporation of the refrigerant, the second
20 heat exchanger (1b) on the secondary heat source side suppli-
es the liquid refrigerant to the indoor heat exchanger (3)
through the liquid pipe (7).
After such an operation has been performed for a prede-

termined time, the respective refrigerant circuits (A, B) are

25 switched. Specifically, in the primary refrigerant circuit
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heat punp

circuit. As shown in Figure 19, the primary refrigerant

circuit 20 (A of this enbodinent is constructed by connecting a com
pressor (11), a four-position selector valve (22), an outdoor heat

exchanger

(14), a first electrically notorized expansion val ve (EVW,

heat exchanger (12A) on the primary heat source side, a second

el ectrical
exchanger
t hrough a

|y notorized expansion valve 25 (13) and an auxiliary heat
(AY/) thecaskconder four-position selector valve (22B} is

refrigerant pipe (16). A by-pass line (BPL) by- passi ng the

a

auxiliary BgatcR¥@hesdehe( HidkectIoh QHIARG R by tHeESFokES Deabsexchanger

(12A) on' t
val ve (22)
m ddl e.

he primary heat source side and the four-position sel ector

A ERCpedoriBiny rogeiifratt ) ol Fohl POy a8 SRR YR, e e)

the heat olERERgYr SPRBAFAoRA Ao haf, cHERNER (AR ¥ ER8Csebbhiary.q ©

the heat e

f or one of

sol enoi 8 vheIE PANTES)
heat exchanger (12A) on the

t he branch ggges. A check

(11) are pn@iadgglve (SVC-1) coupled to the heat exchanger (1A) on the

10

15

20

secondary heat source side located on the left-hand side are
opened and the other solenoid valves are closed. |
In such a state, in the primary refrigerant circuit (A)
as indicated by the one-dot-chain arrows in Figqure 21, the
high-temperature, high-pressure gaseous refrigerant dis-
charged from the compressor (11) exchanges heat with the out-
door air in the outdoor heat exchanger (14) and is condensed.
Thereafter, the refrigerant exchanges heat in the second heat
exchanger (12A-2) on the primary heat source side with one
heat exchanger (1B) on the secondary heat source side. The
refrigerant applies heat to the refrigerant in the heat ex-
changer (1B) on the secondary heat source side so as to fall
into an excessively cooled state. Thereafter, the pressure of
the liquid refrigerant is reduced in the electrically motor-
ized expansion valve (EVW). The refrigerant exchanges heat
in the first heat exchanger (12A-1]) on the primary heat
source side with the other heat exchanger (1lA) on the secon-
dary heat source side and is evaporated while extracting heat

from the refrigerant in the heat exchanger (1A) on the secon-

val ve (CVv- _10 .B2) d inlet-sid
SolPRRtE gn’ they FAGHErhRAGE: BAAS GO S POHErne

primary heat source side to the conpressor



for the other branch pipe. Mor eover, the primary refrigerant
circuit (A is 15 switched in accordance with the sel ection operation of

t he four-position selector valve (22) between a state in which t he
out door heat exchanger (14) is connected to the outl et side of the
conpressor (11) and the heat exchanger (12A) on the primary heat source

side is connected to the inlet side 20 of the conpressor (11) (i.e., the
state indi gairgd Heat heospte sidel.d |Tieseafitdt guthelrefrdgeranat ereétumds ch
t he out door heat exchanger (14) is connected to the inlet side of the
conpres- o Slﬂ{e(ééﬂrgfégséf‘e(ﬁﬁa}t. expRAE I rclAAt idh tHSePdt IGH Y iBedte-
source side is connected to the outlet side of the conpressor 25 (11) -
(i.e., the SUE- 14 i ndicated by the broken lines in Figure

74 P ) On the other hand, the secondary refrigerant

circuit (B) has .t he sanme constructipon as that descrdhed in.the first
em bodi nrenfR thpe ot eﬁupﬁﬂé}nhﬁ/tBSSFﬁ§°§?§FXsr qﬁ%?ﬁﬁﬂ%ﬂﬁﬁ%?%£§ves
(Sv1, SV2, SV-Bl, SV-B2), the electricall épgot%éqz;gﬂ‘g(pgggitonsource

ct

val ves GEWPB)13,ths/1heakq e¥phangpr pddAdi AP s

side located on the left-hand side falls into a heat-
radiation state, and recovers the liquid refrigerant from the
indoor heat exchanger (3). In the meantime, the first heat
exchanger (la) on the secondary heat source side of the heat
10 exchanger (18) on the secondary heat source side located on
the right-hand side falls into the heat-absorption state.
Owing to the rise in internal pressure caused by the evapora-
tion of the refrigerant, the second heat exchanger (1b) on
the secondary heat source side supplies the liquid refriger-
1S ant to the indoor heat exchanger (3).

The heat-radiation state and the heat-absorption state
are alternately repeated in both the heat exchangers (1A, 1B)
on the secondary heat source side. As a result, the room
cooling can be performed continuously and the air condition-

20 ing performance can be improved.

Next, the room heating running of the refrigerant cir-
cuits (A, B) having the above-described construction will be
described.

When the heating running is started, first, the first

25 four-position selector valve (22A) is switched to the direc-
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(22) are controlled by a controller (C). Next, the room cooling
runni ng operation of the refrig- 10 erant circuits (A B) having the

above-described construction wi |l be descri bed. When t he
cooling running is started, the four-position sel ector valve (22) is
firstly swwtched to the direction in- dicated by the solid lines, th

openi ng degree of the first 15 electrically notorized expansion valve
(EVW is agjont Ghdiicated bR' ctléebiokesh dagmes aandt hehe eseadnd efonireal |y

notori zed

expansi on valve (13) |s fully opened in the primary refrig

ant ci rcu'gﬁﬁmn' %et fvé' Q?P'-ﬁs ERettAkat +9 dehe diyelctiend

X?ngd(sv- hIS opene . e outlet de solenoid 20 Yalve (Sv-B1) i
r [ u

val ve. i sviioRiCaEEichy %ﬁ% feiss 1ihskl ang the Chehihs By brotd

In such a

state, essor 1 r
refri geran?iE?FEﬁ?‘? ngéoﬁ‘lﬁ?‘é §£]aﬁ§19ﬁeva3ge ZBG@)I }ﬁeagppg&gdp ltElgg
19, afnghtmmmaune
pressuré gﬂ§@69§e¥ﬁlﬂeéeﬂﬁﬁFeG|é@h&ﬁﬁa?ﬁ%%ﬁﬁYrﬁ@?%%ﬂﬁ%%%5r01rcu%§lfk)
heat with the outdoor air in the outdoor heat exchanger (14)
and i s condenthe. otherphassiyr droftheheseedndary refrigerant circuit (B),

exchanges

10

15

20

the solenoid valve (SVW-1) coupled to the heat exchanger (1B)
on the secondary heat source side located on the right-hand
side and the solenoid valve (SVW-2) coupled to the heat ex-
changer (1A) on the secondary heat source side located on the
left-hand side are opened and the other solenoid valves are
closed.

In such a state, the compressor (1l1) is driven. Then,
in the primary refrigerant circuit (A) as indicated by the
solid-line arrows in Figure 22, the high-temperature, high-
pressure gaseous refrigerant discharged from the compressor
(11) exchanges heat in the second heat exchanger (12A-2) on
the primary heat source side with one heat exchanger (1B) on
the secondary heat source side and is condensed. Thereafter,
the pressure of the liquid refrigerant is reduced in the
electrically motorized expansion valve (EVW). The refriger-
ant exchanges heat in the first primary heat exchanger (12A-
1) on the primary heat source side with the other heat ex-
changer (1A) on the secondary heat source side and is evapo-

rated to return to the compressor (11) through the outdoor
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erant is reduced in the first electrically notorized expan- 5 sion valve
(EVN). Then, the refrigerant exchanges heat in t he heat exchanger
(12A) on the primary heat source side with t he heat exchanger (1) on

t he secondary heat source side, and the refrigerant extracts heat from
the refrigerant in the heat exchanger (1) on the secondary heat source
side and is 10 evaporated to return to the conpressor (11) through the by-

pass |ine hBRE)exdhaigél ' C14 Pl | Ofh DY ed B¢ What fori epet£tlion is repe&bedbe

ot her hand, in the secondary refrigerant circuit (B), the refrigerant
of the heat excggngge Gbh ﬂamﬁ SePehe seddhdabfatesPybetanideirichd theat
of which has been extractgg'n 15 Because %f ?he h%gf egchaﬁge mﬁthlihe heat

exchanger g A) .qn he imary. h sQurc i:gé ' d d
i ndi cat ed éi tq{%ehSﬁ%- cﬁ?{)‘{hc%% aﬁ%@\s 03{1 Epéu 3 Cfg‘ﬁaf@n aﬁéégulst%,%rt e
I n- ternal pressure of the heat_exchanger, (1) on_fhe,s coaggry heat
source si déifigy| docaggd, PR o theyi detzhand| ﬁlﬁ‘%essﬁ‘? 526'“%& & tRdtReat
exchanger (1) on the secondary heat_ source .side and the indoor heat
exchangér gafiiathengatabesangdf tihgerliquid grefrigerant nigorereneredc fxeder
(3) is recovered into the heat exchanger (1) on the secondary heat
sour ce si dehehdindgbr heathexghengepe (39).. ItThethmsreantimeéy i §heraheate@¥rer ed
into the 25 heat exchanger (1) on the secondary heat source side is
76 ~ changer (1B) on the secondary heat source side, located on
the right-hand side, falls into the heat-absorption state.
Owing to the rise in internal pressure caused by the evapora-
10 tion of the refrigerant, the gaseous refrigerant is supplied
to the indoor heat exchanger (3).

After such an operation has been performed for a prede-
termined time, the respective refrigerant circuits (A, B) are
switched. Specifically, in the primary refrigerant circuit

15 (A), the second four-position selector valve (22B) is
switched to the direction indicated by the broken lines. 1In
the secondary refrigerant circuit (B), the solenoid wvalve
(SVW-2) coupled to the heat exchanger (1B) on the secondary
heat source side located on the right-hand side and the sole-

20 noid valve (SVW-1l) coupled to the heat exchanger (1A) on the
secondary heat source side located on the left-hand side are
opened and the other solenoid valves are closed.

In such a state, in the primary refrigerant circuit (A)

as indicated by the one-dot-chain arrows in Figure 22, the

25 high—témperature, high-pressure gaseous refrigerant dis-



cooled by the refrigerant flow ng through the heat exchanger (12A) on
the primary heat source side so as to be a liquid refrigerant, which is
reserved in the heat exchanger (1) on t he secondary heat source side.
5 After this operation has been perforned, a swtching op- eration
Is perfornmed in each of the refrigerant circuits (A, B). The first
electrically notorized expansi on val ve (EVW is fully opened and the
openi ng deghgPged Fhemsehened sor (11)Cabichdyey ileak expabheofiivaitve
(13) is adjusted at a prede- O term ned degree. In the by-pass I|ine
(BPL), b t I Iad wal yes V3 - r edide! @itthe
Oflgatr g?FPsgg%%t 12l 14 tﬁ;éh g%#tlmra?y Batdrsodt @S edide! With

secondary circur't (B), sol enoid valve (SV1) is
I d dth d I [ I 2 | Leal |
ot or | zod CRPAPEREreTanBSTEVLIXE BB bhY- §eBB]ghls haE°kourcerk itk uhR 1Y
rimary refrigerant circui A) _as I ndi cat ed by .t br oken-.|
Panigﬁre i%tg?ﬂéeﬂﬁﬁh= u&ﬂe§@%fﬁ?£tuFE?nH%§%§§FSS§ErgﬁﬁaéggggdrIE%Fgé%gﬁf
di schar ged fromthe conpressor (11) exchanges heat with the outdqor air
in the dutevantheis éﬁﬂﬁ\m&r lpl4t}h%ncﬁl%c*é¥>¥fb%¥ﬂ§éd!“°ﬂ?é?1@ed 26XRANELON; he

refrigerant exchanges heat in the heat exchanger (12A) on the primary
heat sour ceakvee (EVI) .t heThearrefxilgengert exchidnges hestsdaontheyseeand
source side. After the refrigerant has fallen into an excessively

cool ed st ah€athiekehapgeyi (@32A-2)hami thet peimafy Jryantsourddeshdat with
exchanger (1) on the sec- 25 ondary heat source side, the pressure of the
refrigeranghéSother heat exchanger (1B) on the secondary heat source
side and is evaporated. Thereafter, the refrigerant returns
10 to the compressor (11) through the outdoor heat exchanger
(14). This circulation operation is repeated.
Oon the other hand, in the secondary refrigerant circuit
(B), the heat exchanger (1A) on the secondary heat source
side located on the left-hand side falls into a heat-
15 absorption state, and supplies the liquid refrigerant to the
indoor heat exchanger (3) owing to the rise in internal pres-
sure caused by the evaporation of the refrigerant. In the
meantime, the first heat exchanger (la) on the secondary heat
source side of the heat exchanger (1B) on the secondary heat
20 source side located on the right-hand side falls into the
heat-radiation state, thereby recovering the liquid refriger-
ant from the indoor heat exchanger (3).
The heat-radiation state and the heat-absorption state

are alternately repeated in both the heat exchangers (1A, 1B)

25 on the secondary heat source side. As a result, the room
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77 reduced in the second electrically notorized expansion

val ve (13). The refrigerant exchanges heat with the outdoor air in

the auxiliary heat exchanger (15A) and is evaporated to re- turn to the
conpressor (11). This circulation operation is 5 repeated. On the
ot her hand, in the secondary refrigerant circuit (B), a part of the
refrigerant of the heat exchanger (1) on t he secondary heat source
side, to whboobihgatahabebgmrfarmed cqitijadhdieslysendfthéeahratonditiange

wi th the heat exchanger 10 (12A) on the prinmary heat source side, is

evapor at edja§ %agformancéaégﬁ B¥ ihprbweddot-chain arrows in Figure 19. As
a result, he internal pressure of the heat exchanger (1) on the secon-

dary heat sourc ns£ﬂﬁggé%§5?i§g%ggt%ocgsgiBgeégﬂ%gnkﬁggggswith tHE' 88c-

bet ween the heal exc e secondary heat source side and

t he i ndoor heat exchanger , Lthe liquld res frigerant, |u. h

exchanger ?&?a’aﬁ Fﬁ%s‘%@&?&’?r yCJn]éc(ﬂlt ?bgoﬁefcetg?dgelngipu%%%l}g%%tﬁgg

| ower part. of the heat ex- changer (1) on the secondary heat, source

side i nfo PREN; ﬁ&asrlbed-heaﬁl%%%g‘ﬁfl(e) l?h?“@éfgﬁ’ec rFé’"ﬁ? ‘ﬁ ¥iph F&F.

The pressure 20 of the liquid refrigerant pushed into the indoor heat ex-
secondary refrigerant circuit (B) of any other embodiment.

{Other Embodiments)
In the foregoing embodiments, wvarious cases where the
10 heat transport system according to the present invention is
applied to refrigerant circuitry for an air conditioning sys-
tem have been described. However, the present invention is
not limited thereto, but is applicable to various other re-
frigerating machines.
15
INDUSTRIAL APPLICABILITY
As described above, the present invention is effectively
applicable to a heat transport system usable as refrigerant
circuitry for an air conditioning system, and more particular-
20 1ly applicable to a heat transport system for transporting heat
by circulating a heat transport medium without requiring any

driving source such as a pump.
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changer (3) is reduced in the indoor electrically notorized expansi on
valve (EV1). Thereafter, the |liquid refrigerant ex- changes heat with

t he indoor air r”um“ j exchanger (3) and is evaporat ed,
t hereby cooling t m meu' Tﬁmz The swi tching operations are
alternately perforied i 78

the respective refrlgerant CIrCUItS (A, B) in the above- descri bed

manner. As a result, the refrigerant «GuxIMsates in the secondary
refrigerant circuit (B), thereby cooling the i ndoor air. Thus, in the

heat transport gyshefeat tbhﬁs?&l‘t éygedmrreaharaeebriéadbsyt E:aﬂﬁi?%iﬁg in
t he secondary refrlger- circuit ) W t hout providing any dr|V|ng

Source SUCh aS peatAeRUAnGQ! pbBRSSPENAAT X hELE 0BHAAL GGyt (B).

Next, the heatlng runni ng er- énce to Figure

20. 10 th runni ng he four , n sele tor valve

(22) is flrstlgh ﬁft%ﬁ%%anetﬂﬁaﬂ?ré§5|8ﬁ ?ﬂd?ggiéﬂag§°Ph§l €7 broken
lines, the first electrically notorized expansion val v gEV1) is fully
opened and the %p%ﬂ?n@lH%gféi S?rtﬁ%nneCtéﬁﬁOHHPéFeEPQFCSfI§ gohgatzed-

expansion valve (13) is adjust- 15 ed at a predeterm ned degree in the
primry recthange ameapsr-(1) on the heat source side and the heat ex-

change means (3) on the application side;

a liquid pipe (7) for connecting lower ends of the heat
exchange means (1) on the heat source side and the heat ex-
change means (3) on the application side;

heat source means (A) for alternately performing a heat-
ing operation for raising an internal pressure of the heat
exchange means (1) on the heat source side by applying heat
to a refrigerant in the heat exchange means (1) on the heat
source side and a heat-absorbing operation for lowering the
internal pressure of the heat exchange means (1) on the heat
source side by extracting heat from the refrigerant in the
heat exchange means (1) on the heat sourée side; and

refrigerant control means (G) for performing heat ab-
sorption running or heat radiation running on the heat ex-
change means (3) on the application side by allowing the
refrigerant to flow through one of the gas pipe (6) and the
liquid pipe (7) and preventing the refrigerant from flowing
through the other pipe in accordance with whether the heat

source means (A) performs the heating operation or the heat-



cuit (A). |In theby-pass line (BPL), both the solenoid val ves

(Sv-B1, Sv-B2) ar secondary refriger- ant circuit (B)

the first solenoiju! ﬂg I “ﬂllﬂ"closed and t he second sol enoi d val ve
[ L ers,

(SV2) is opened. I*n the primary refrigerant circuit (A) as

I ndi cat - ed by the solid-line arrows in Figure 20, the high-

t enperature, high-pressure gaseous refrigerant discharged fromthe
conpr essor abdédérbinghapgaaticat, vihérelye suppdpingi the refidigeranhddmomd in
the auxiliary heat exchanger (15A). 25 Thereafter, the pressure of the

refrigeranthés he@duGheblidhdd'emeans (1) on the heat source side %8 the
second electrically notorized expansi on val ve (13). Then, t he

refri gerangegxchang g'&e%%aiﬁstgggﬂ%ef ﬁi‘&hﬁﬁg%&cé%gtéh Wlide dﬁf‘fnﬁ”t'ﬁ%ry

heat source side mn?% t he heat anger (1) e secondary heat

he out doch RERPY coBRERELER (d) nbohUgE, EBurde REARATRATCRAR, bRbbrkRiBy"

t he out door exchanger ( circu on‘opera

r epeat ed. .On the aqt her han in the secondary refrigerapt circuit
(B} Lhe rEhe| GEERABCERREN Lo LA hepbePREERRGR MRaNSedah). b “Eher gbrea
source side, the heat of which has been extracted 10 because of the heat

exchange vPlicahionegideckangbe (weat opxchange means (1) on the heat

source side during the heat-absorbing operation of the heat
source means (A).

.2. The heat transport system of Claim 1, characterized
in that, in performing the heat absorption running on the
heat exchange means (3) on the application side,

the refrigerant control means (G) allows a liquid re-
frigerant to be supplied from the heat exchange means (1) on
the heat source side to the heat exchange means (3) on the
application side through the liquid pipe (7) and prevents a
gaseous refrigerant from being recovered from the heat ex-
change means (3) on the application side to the heat exchange
means (1) on the heat source side through the gas pipe (6)
during the heating operation of the heat source means (A),
and

allows the gaseous refrigerant to be recovered from the
heat exchange meéns (3) on the application side to the heat
exchange means (1) on the heat.source side through the gas
pipe (6) and prevents a liquid refrigerant from being sup-

plied from the heat exchange means (1) on the heat source
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the primry h)eﬁmjiource side, is condensed as indicated by t he

one-dot-chain r " 20. As aresult, the in- ternal pressure
A ﬂ'mmue secondary heat source side falls.

of the heat e
Oning to a differenceé i ptessure 15 between the heat exchanger (1) on the
secondary heat source side and the indoor heat exchanger (3), the
liquid refriger- ant in the indoor heat exchanger (3) is recovered into
t he hesgitdeextodnabher hear exchanges mpraiss v ( Wpadns thec app lde dthironughide

the liquid pipe (7). 20 After this operation has been perforned, a

SWi t chi ng through tHélitduid PepéoyTyddultinachnef Hé&iﬁédﬂﬁirﬁjlt%;?éfﬂi ts
(A, B). The openi ng degree of the first electrically notorize

expansi on 43V o ERY He%@(ﬁddﬂt&.d ears p(/ﬂd.et erm ned degree and the
second el ectrically notorized expansion Vvalve (13) is 25 fully opened. In
Lhe by-pass 1 (RDchDe Uk dRim of clatm, s FAREATERF AT Do d
Uhe fi st Woltbimbira s BRFACSMNG S diRat SRiHeion TRt I ibiteYa] ve
(o) " Cxchange means (3) on 'the Application side, o clreurt (A as
the refrigerant control means (G) allows a gaseous re-
frigerant to be supplied from the heat exchange means (1) on
the heat source side to the heat exchange means (3) on the
application side through the gas pipe (6) and prevents a lig-
uid refrigerant from being recovered from the heat exchange
means (3) on the application side to the heat exchange means
(1) on the heat source side through the liquid pipe (7) dur-
ing the heating operation of the heat source means (A), and
allows the liquid refrigerant to be recovered from the
heat exchange means (3) on the application side to the heat
exchange means (1) on the heat source side through the liquid
pipe (7) and prevents a gaseous refrigerant from being sup-
plied from the heat exchange means (1) on the heat source
side to the heat exchange means (3) on the application side
through the gas pipe (6) during the heat-absorbing operation
of the héat source means (A).
4. The heat transport system of Claim 1, characterized

in that the heat exchange means (1) on the heat source side

includes at least one first heat exchanger (la) and at least
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ed by the

br oken-Tine airows, the high-tenperature, high- pressure

gaseous ref r“mgm " d fromthe conpressor (11) is passed
t hrough the , "ﬁﬂ aﬁﬂﬁ The refriger- ant exchanges heat in

t he
heat exchanget (“12A) #&n §he*pr|nary 10 heat source side with the
refrigerant in the heat exchanger (1) on the secondary heat source side
and i s condensed. Thereafter, the pressure of the refrigerant is
reduced i nohkesecontlii heatelegchangelr! (10t owhiett axreaconmectad dn Pdsfal-The
re- frigerant is evaporated in the outdoor heat exchanger (14) to 15
return to §Be ¢8MBaehRSBLthek]}). This circulation operation is repeat ed.
On the other hand |n the secondary refrigerant circuit (B) as
I ndi cat ed

t he heat exchanger

eat sour ce S

|ch heat

b th f
y ( G,hﬂiﬂe afh8Miehl §0 Zrans ( p dgeekam r e O

secondary

(12n) “on  RBakEfo R% rlx?nhe%‘fr]s’g% £68 %é%“-aa@’%%#ﬁ&#a “ﬁuﬁisfﬁgerégi‘ﬂa@%?r

the in-

heat sour cBeg@fgexghange R{ARY (G )a ORf &R

heat exchanger (1) on the secondabr heat source
a

81
refriger-

t er nal ressure of the heat excha fﬁ %%ig e seggggar
€ns5

first dent apxchpagerdobtaheds cheatindertq 3yaisge apsdfernal
pressure of the first heat exchanger (la) and the pressure is
applied onto the second heat exchanger (1b), thereby supply-
ing a liquid refrigerant from the second heat exchanger (1b)
to the heat exchange means (3) on the application side
through the liquid pipe (7).

5. The heat transport system of Claim 1, characterized
in that the heat exchange means (1) on the heat source side
includes at least one first heat exchanger (la) and at least
one second heat exchanger (1b), which are connected in paral-
lel to each other,

and that, while the heat source means (A) performs the
heat-absorbing operation during the heat radiation running of
the heat exchange means (3) on the application side, heat is
absorbed only from the first heat exchanger (la) to lower an
internal pressure of the first heat exchanger (la) and the
pressure is applied onto the second heat exchanger (1b),
thereby recovering a liquid refrigerant from the heat ex-

change means (3) on the application side to the second heat

exchanger (1b) through the liquid pipe (7).
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ant in the h on the secondary heat source side is
supplied from!jm Mﬁ of the heat exchanger (1) on the secondary
s

I

heat source srdect ot r heat ex- 5 changer (3) through the gas pipe
(6). Thereafter, the gas- eous refrigerant supplied to the indoor heat
exchanger (3) exchanges heat with the indoor air in the indoor heat ex-
changer (3) and is condensed, thereby heating the indoor air. The
swi t chi ng oper af i dike cheata| txanspery systemnefl ¢haimo2tox 4espharagter-
refrigerant circuits (A B) in the above- descri bed manner. Thus, the
refrigeranized rinl ei®ts the tihefrigesfgoncauiyrokfimeges apé) cincludesB) ,

t hereby heating the indoor air. That is to say, even during this

heating runnings fepét soléﬁ@i&evhneasgsmgd Wwhildhe i GHE\RT Yed ef &t 9BhaNt
circuit (B) 15 without providing any driving source such as a punp for the

secondary ri ante\Ci rouit - ( : e kn t %?Hﬁﬁ ClLikon
of this er%agédi *’rgﬁté r‘{ttﬁh)e' &éjélﬁsl qﬁlhg lP gf rﬁ%%rg%/tg{:cgﬁgéﬁggggi ﬁ OlﬁdalO%F
heat exch er 4 uring t room cQol ing runnin n,be cooled in
the 20 nadte eRbnBertreReas (Y PRefroned, SUETrad SRRt HR “Oe e
refrigerant reaches_the excessivehg cool ed state. Thus, the efficiency
of the priSRASEIRE JhAafieat (QREce Means (R): and proved. I n
this enbodi nent, a case of conbining it with the sec- 25 ondary
refrigerant cir&iecqns) SﬁlqnﬂidiYQiLQw&§Mﬂheﬁ@hh%§ is provided for the

82
liquid pipe (7), opens during the heating operation of the

heat source means (A) and closes during the heat-absorbing
operation of the heat source means (A).

7. The heat transport system of Claim 3 or 5, character-
ized in that the refrigerant control means (G) includes:

a first solenoid valve (8V1), which is provided for the
gas pipe (6), opens during the heating operation of the heat
source means {(A) and closes during the heat-absorbing opera-
tion of the heat source means (A); and

a second solenoid valve (SV2), which is provided for the
liguid pipe (7), opens during the heat-absorbing operation of
the heat source means (A) and closes during the heating op-~
eration of the heat source means (A).

8. The heat transport system of Claim 2 or 4, character-
ized in that the refrigerant control means (G) includes:

a first check valve (Cvl), which is provided for the gas
pipe (6) and allows only the gaseous refrigerant to flow from

the heat exchange means (3) on the application side to the



been_describea. Ajtérnativelyf it may be combined with the secondary
Embod: ment) ﬂlllilflllllllﬂﬂlllmﬂyf our't cent h erbodi rrent wi 11 be descri bed with

reference to Pighres 21 d@nd*22. This enbodinent is a variant of the
primary refrigerant circuit (A) to be conbined with the secondary
refrigerant circuit (B) of the tenth enbodi nent de- scri bed above, and
i s appl i edheataexehangennieansniidy emsthen hé@twsbalrces sideectall e bet ween
cooling running and heating run- ni ng. The primary refrigerant
circuit (A) of ahisecomdotinesk valves ( t,r Ugh B6h DY sC PrReGlded for the
conpressor (11), two (first and second) four-position selector valves

(227 22B)1i4Ai@Vpipel E\/S'F'Pora laeaélgaaggagggﬁagég@ %%gxi%e%%f{%éﬂaﬂ@t gp' zed

expansi on |rst " primary
heat sourc S A: n rimar
heat sourc€1§+dfr@@d%§%hﬁg€ﬁ Qgﬁégﬁ Hggﬁgfﬁﬁéepﬁn%hg heﬁ 5°gf§? Slgéh
The pri nmar rigerant cjrcuit w tched i cordance wt
t he Eelectg% q% '?oﬁx%#a?ﬂ% B ?é? f%br°n thepBEPiFﬁﬁtéepeﬁﬁﬁﬁ val ve
(22A) between a state i n which the out door heat exchanger (14) is
connect ed to t hd- ofhe eeat geransport system of Claim 3 or 5, character-

ized in that the refrigerant control means (6) includes:

a first check valve (CV3), which is provided for the gas
pipe (6) and allows only the gaseous refrigerant to flow from
the heat exchange means (1) on the heat source side to the
heat exchange means (3) on the application side; and

a second check valve (Cv4), which is provided for the
liquid pipe (7) and allows only the liquid refrigerant to
flow from the heat exchange means (3) on the application side
to the heat exchange means (1) on the heat source side.

10. The heat transporf system of Claim 1, 2, 3 or 4,
characterized by further comprising

reservoir means (20), which is connected in parallel to
the heat exchange means (1) on the heat source side and re-
covers the liquid refrigerant in the heat exchange means (1)
on the heat source side.

11. A heat transport system, characterized by compris-
ing:

at least one first heat exchange section (1A) on a heat

source and at least one second heat exchange section (1B) on
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of the conpressor (11) (a state indicated by the solid lines 25 in Figure

oz, " (RN Dot o"then'er ™Sl of e cormrcsce

, tthe stat*e indicated by the broken lines in Figure 21).
Nbreover the prlnary refrigerant circuit (A) is swi tched in accordance
with the selection operation of the 5 second four-position selector valve
(22B) bet when heeatt atource sideshi ch the first heat exchanger (12A-1) on the
primary heat source side is connected to the outdoor heat exchanger

(14) and t hReeeithdiffd ReaN®y dnl %k %Bplrtdiﬁdﬁ igialey; heat

source side is connected to the conpressor (a state in- 10 dicated by

the solid I|ne%|§13%§%gﬁ%2&f h25?%%nﬁd§ “@b?hfor cb@iéaﬂfﬁg

exchanger (12A-1) rima side is connected o the
conpr essor, 1 ec heat n{

heg}t) sour && Z:ri’etaq%‘ er%%coﬂq’e %ae(?tt e’f‘ﬁé‘% O(ﬁé]f]%é% 2(e]Sch’ha A;er&i 1% (a
t at di cat ed 15 § br ok I Fi

cecondar'y egtr (RBIEER BISGUFD BB) WEET DL e ToR. eat exclendsh BRATthat

described in the tenth enbodi nent . The heat exchanger (1A) on the
secondar y (Bda©ns divec appldeatdon &dde;

a plurality of liquid pipes (7a, 7b) for connecting low-
er ends of the respective heat exchange sections (1A, 1B) on
the heat source side to a lower end of the heat exchange
means (3) on the application side;

heet source means (A) for alternately performing a first
heat exchange operation for raising an internal pressure of
the first heat exchange section (1A) on the heat source side
by applying heat to a refrigerant in the first heat exchange
section (1A) on the heat source side and for lowering an in-
ternal préssure of the second heat exchange section (1B) on
the heat source side by extracting heat from a refrigerant in
the second heat exchange section (1B) on the heat source
side, and a second heat exchange operation for lowering the
internal pressure of the first heat exchange section (1A) on
the heat source side by extracting heat from the refrigerant
in the first heat exchange section (1A) on the heat source
side and for raising the internal pressure of the second heat
exchange section {(1B) on the heat source side by applying

heat to the refrigerant in the second heat exchange section
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on the left-hand side in Figure 12 exchanges heat with the 20 first heat
exchanger I I mry heat source side, and t he heat
exchanger “m”wlﬂﬂgummdary heat source side | ocated on the

ri ght-hand %i de éxclanges*heat with the second heat exchanger (12A-2)
on the primary heat source side. Next, the cooling running of the
refrigerant circuits 25 (A B) having the above-described construction

w || be dg-1B) on the heat source side; and 84 scri bed.
When the cooling running is started, both the first four-position

sel ector val ve dediAlgediaht! NGoRLEON U micdis (G) HRY (PpEOPESEhELY Ohetdl VabL 22B)
are firstly swwtched to the di- 5 rection indicated by the solid |lines and

the oPeni g.SR0Ge runnfilq | BE HeaAl LHEaLLYIGR! SERASHGCXARNEREN ALY Gf VY

Is ad- | uste a pr degree int i mary refrigerant

(B) e SHoBg P o (2 uehn) the, pPERLERLIRE i b Bbhsnins” GV on

t he secondary, ,heat source side | gcated on the right-hand side and the
sol enoi d FONAHtAGDE BT e Egfrdgerantdn, the Has RiRes 1&?!0&31%@“‘;
secondary heat_ source side |o- cated on the left-hand side are opened

and t he otther Liywidi pipes (7a, 7b) in accordance with the heat ex-
change operation of the heat source means (A), thereby sup-
plying the refrigerant from the first heat exchange section
(1A) on the heat source side to the heat exchange means (3)
on the application side and recovering the refrigerant from
the heat exchange means (3) on the application side to the
second heat exchange section (1B) on the heat source side
during the first heat exchange operation of the heat source
means (A), and thereby supplying the refrigerant from the
second heat exchange section (1B) on the heat source side to
the heat exchange means (3) on the application side and re-
covering the refrigerant from the heat exchange means (3) on
the application side to the first heat exchange section (1Aa)
on the heat source side during the second heat exchange op-
eration of the heat source means (A).

12. The heat transport system of Claim 11, characterized
in that, in performing the heat absorption running on the
heat exchange means (3) on the application side,

the refrigerant control means (G) switches the flow con-

ditions of the refrigerant in the gas pipes (6a, 6b) and the
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val ves are In such a state, the conpressor (11) is driven.
Then, !! mmm& m,rl'gerant circuit (A as indicated by the

sol i d- Iine 21, a high-tenperature, high- pressure
gaseous refrlgerant Jlscharged fromthe conpressor (11) exchanges heat
with the outdoor air in the outdoor heat 20 exchanger (14) and is
condensed. Then, the refrigerant ex- changes heat in the first heat
exchanger Xikfirid)pibpeshd7@,i -7b) sonpg Hoatsspplye asildequid hrefieigerant
exchanger (1A) on the secondary heat source side. And the refrigerant

appl i es hegtom thé OfiherrRéatgexanhnye teethioal (@Ohaiparhd Heansélitce
secon- 25 dary heat source side so as to be excessively cool ed. There-

85 side, éval Vgh‘%h%f e}%é%eseﬁ £8€ mdaid d&iﬁf ri:Se"t%@ Héaif eé’iz'ced

in - the 'so eno ere rlgerant exchanges heat

second p“ { t%ar?é(c 9%n %@pf cé@fol‘?rkf{ﬁ aryﬁ:ﬁn tt?eouif uf&de

with the o exc ger e secon- at _source side.
The refri erant xtracts heat from the refri erant he
exchanger%( } AP EONHEFPVEr 3,835 C08S & {hﬁa?%ﬁtto
return to the conpres- sor (11). This C|rculat|on operatlon 'S

repeat ed. €Xchange means (3) on the application side to the second heat

exchange section (1B) on the heat source side, heat of which
is absorbed by the heat source means (A), through the gas
pipe (6b) during the first heat exchange operation of the
heat source means (A), and

switches the flow conditions of the refrigerant in the
gas pipes (6a, 6b) and the liguid pipes (7a, 7b) so as to
supply a liguid refrigerant from the second heat exchange
section (1B) on the heat source side, heated by the heat
source means (A), to the heat exchange means (3) on the ap-
plication side through the liquid pipe (7b) and to recover a
gaseous refrigerant from the heat exchange means (3) on the
application side to the first heat exchange section (1A) on
the heat source side, heat of which is absorbed by the heat
source means (A), through the gas pipe (6a) during the second
heat exchange operation of the heat source means (A).

13. The heat transport system of Claim 11, characterized
in that, in performing the heat radiation running on the heat
exchange means (3) on the application side,

the refrigerant control means (G) switches the flow con-
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On the other hand, in the secondary refrigerant circuit 10 (B), the heat

exchanger mmmmmﬂem dary heat source side, located on the

ri ght - hand u t he heat - radi ati on state and the gaseous
refrigerant i srecover &d from t he i ndoor heat exchanger (3) through the
gas pipe (6) in the sanme way as in the tenth enbodi ment descri bed
above. In the 15 neantine, the first heat exchanger (la) on the secondary
heat ddtiionssiode tife thefHagearanic htmgehe (9#% phpele (686 068y ande dthe
source side, |located on the left-hand side, falls into the

heat - absollpgudd gigles ANY7HP bbe as I i suppleraagapeess refrsigeramtised
by the evaporation of the refrigerant, the second 20 heat exchanger (1b)

on the seg¢epRarheFRirstOHeHt: Shitthf®! section €f1Aheohi %bdnre%ftr @R to
t he i ndoor heat exchanger (3) through the lirquid pipe (7).

LT SUhiBR, CRAE HPBnICHARCISEY k8B 1855C o tntCHERRCLL! M

the respe t crr

Speci fi cal in_the pr frigerant C|rcu

86 ehinge"megsP (3208, i a%e&fwa&s% i BRI A1 T8RS
swi t ched to the direction indicated by the broken lines. In t he
secondar y (P8 3R R EPFENEL @Bﬂlﬁ¢%ﬂ35F§§698r9§Fv§r°m the heat ex-

change means (3) on the application side to the second heat
exchange section (1B) on the heat source side, heat of which
is absorbed by the heat source means (A), through the liquid
pipe (7b) during the first heat exchange operation of the
heat source means (A), and

switches the flow conditions of the refrigerant in the
gas pipes (6a, 6b) and the liquid pipes (7a, 7b) so as to
supply a gaseous refrigerant from the second heat exchange
section (1B) on the heat source side, heated by the heat
source means (A), to the heat exchange means (3) on the ap-
plication side through the gas pipe (6b) and to recover a
liquid refrigerant from the heat exchange means (3) on the
application side to the first heat exchange section (1A) on
the heat source side, heat of which is absorbed by the heat
source means (A), through the liquid pipe (7a) during the
second heat exchange operation of the heat source means (A).

14. The heat transport system of Claim 11 or 12, charac-
terized in that each of the heat exchange sections (1A, 1B)

on the heat source side includes at least one first heat ex-
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(SVC-2) coupled to the heat exchanger (1B) on the secondary 5 heat source

si de Iocate nd side and the sole- noi d val ve (SVC1)
coupled to a !(% (I'A) on the secondary heat source side
| ocat ed on th an s&de are opened and the other sol enoid val ves
are cl osed. In such a state, in the primary refrigerant circuit

(A) 10 as indicated by the one-dot-chain arrows in Figure 21, the

hi gh-t enpeslingex, lilgh- @k sate lgasdousne esecpadanhealt s exchangear géllbj f om
t he conpressor (11) exchanges heat with the out- door air in the

out door heasidix @y IRinddcedNth igaXaIenses.each dtweeafter, the

refrigerant exchanges heat in the second heat 15 exchanger (12A-2) on the

primary heat sgmcp%ﬁa@e Pht l&hen@leat SEHarfge N888e1 o ﬁlﬁwm eo%f‘ceﬁ@ary

heat source si refrigerant appli€s heat to the refrlgerant

o s oRoRRRAIRIAR | kR e ek 2?—‘#8*?“’“{ %F%&E?%@?é"

the liquid refrigera t jS reduced e electricall, i zed
expansi on HEATR: cEher Regbr ahposktignges the MRAY FXr
heat exchanger (12A—1) on the primary heat source S|de with the other

heat exch&haNdg means (e Pedde aPpli’efb?f"'yl%aﬁl%ur@elEﬁéée ahtrss heat

evaporated while extracting heat 25 fromthe refrigerant in the heat
exchanger exchangen Hdajecion-heated to raise an internal pressure 8yf the

first heat exchanger (la) and the pressure is applied onto
the second heat exchanger (1b), thereby supplying a 1liquid
refrigerant from the second heat exchanger (1b) to the heat
exchange means (3) on the application side through the liquid
pipe (7).

15. The heat transport system of Claim 11 or 13, charac-
terized in that each of the heat exchange sections (1A, 1B)
on the heat source side includes at least one first heat ex-
changer (la) and at least one second heat exchanger (1b),
which are connected in parallel to each other,

and that, in the heat exchange section (1A, 1B) on the
heat source side, from which heat is extracted by the heat
source means (A) during the heat radiation running of the
heat exchange means (3) on the application side, only the
first heat exchanger (la) is cooled to lower an internal
pressure of the heat exchanger (la) and the pressure is ap-
plied onto the second heat exchanger (1b), thereby recovering

a liguid refrigerant from the heat exchange means (3) on the
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dary heat source side. Thereafter, the refrigerant returns to the

tne ot ner (W MVERBI AU o ef P oot ant civcui s £, che neat

exchanger (1A) dn tthe"setondary heat source side | ocated on the
| eft-hand side falls into a heat- radi ati on state, and recovers the
liquid refrigerant fromthe i ndoor heat exchanger (3). 1In the

nmeant i me, appEid¢at ién hedde to ehehhegaraﬁamangenfﬁih&xﬁhﬁkughhéh? dddrce
side of the heat 10 exchanger (1B) on the secondary heat source side
| ocated opiq pipde(Fjght-hand side falls into the heat-absorption state.

OnMng to the Tise In"internal pressure caused by the evapora- tion of
the refrigerant, the second heat exchanger (lb) on t he secondary heat
source side supplies the liquid refriger- 15 ant to the indoor heat
exchanger (3). The heat-radiation state and the heat-absorption
state are alternately repeated in both the heat exchangers (1A, 1B)

on the secondary heat source side. As a result, the room cool ing can
be perforned continuously and the air condition- 20 ing performance can be
i mpr oved. Next, the room heating running of the refrigerant cir-
cuits (A B) having the above-described construction will be descri bed.

When the heating running is started, first, the first 25 four-position
sel ector valve (22A) is switched to the direc-
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88 tion indicated by the broken lines and the second four-
position selector valve (22B) is switched to the direction I ndi cat ed by
the solid Iines and the openi ng degree of the el ectrically notorized
expansion valve (EVW is adjusted at a 5 predeterm ned degree in the
primary refrigerant circuit (A). On the other hand, in the secondary
refrigerant circuit (B), the solenoid valve (SVW1) coupled to the heat
exchanger (1B) on the secondary ABSTRACRrce side |ocated on the

ri ght-hand side and the sol enoid valve (SVW2) coupled to the heat ex-

10 changer (1A Qiedthexrarfiar Y Eedn HHE Geddttatpaad£y ssutde, which
| eft - hand S|de are opened and the ot her sol enoid val ves are ¢l osed.

In such a el AIY Hebb d :?crije[ﬂé@f‘ (1zT;hecsh he pPihdey LRy

refrlgerant CIFCUIt (A as I ndicated by the sol I d- I|ne arrows I n

Fi gure 22§ %,'}% i 91“ t rmres rc%oﬂrgizﬁlrcupcre L i) e tE&irvb

dlscharge o th exchanges’ Heat Fe second eat
xchanger {BpToheat ) Pl Ay SR G R n“sfrecﬁrmiﬁwﬂi.d
Thereafter 20 the pressure of the liquid refrigerant is reduced in the
plpe (7), which are provided with solenoid valves (SV1, Sv2),
respectively. Only the solenoid valve (8V2) of the liquid
pipe (7) is opened at the time of heat radiation of the heat
exchanger (12) on the primary side and the liquid cooling me-
10 dium is supplied from the heat exchanger (1) on the secondary
side to the indoor heat exchanger (3) by the high vapor pres-
sure of the cooling medium evaporated from the heat exchanger
(1). Only the solenoid wvalve (SV1l) of the gas pipe (6) is
opened at the time of heat absorption of the heat exchanger
15 (12) and the gas cooling medium is recovered from the indoor
heat exchanger (3) to the heat exchanger (1) by the low vapor

pressure of the cooling medium condensed by the heat ex-

changer (1).
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' elébtrically notori zed expansion valve (EVW. The refriger- ant

exchanges heat in the first primary heat exchanger (12A- 1) on the
primary heat source side with the other heat ex- changer (1A) on the
secondary heat source.side and is evapo-. 25 rated to return to the
conpressor (11) through the outdoor 89
heat exchanger (14). This circulation op@ration is repeated. On
the other hand, in the secondary refrygggant circuit (B), the heat
exchanger (1A) on the secondary_h source . side, |located on the

| eft-hand side, falls intg the|heat ) j adi a tIOF state an he l'iquid
refrigerant is recovered B om ' QWE hea! Egvghan%gg In the
meantinme, the heat ex- agahg (1B) pn the S ary seatq ource si de,
| ocat ed on t he right-han [ f into heat - af§s rp ion state.
OMng to the rise in intern CauUS tion of
the refrigerant, the gaseou rigeran 'S supp i"stt door heat
exchanger (3). 3 Afﬂ uch an $ $9§ been perf pd for a
pr ede- termned ti'ng, {ple esaectl q refrigerant circuits B) are
sSwi t ched. Specificallgié'n HNe priyraeH—+ lgerant ci ‘F (A), the
second four-position sel¥ctof|val vel( BY [\ s 12

SVZS 1

~  CVI 5
s
3 I l / 2

Fig. 2
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"switched to the direction indicated by the broken lines. In t he
secondary refrigerant circuit (B), the solenoid valve (SVW 2) coupl ed
to the heat exchanger (1B) on the secondary heat source side | ocated on
the right-hand side and the sole- 20 noid valve (SVW1) coupled to the
heat exchanger (1A) on the secondary heat source side |ocated on the

| eft-hand side are opened and the other sol enoid val ves are cl osed.

In such a state, in the primary refrigerant circuit (A as indicated by
the one-dot-chain arrows in Figure 22, the 25 high-tenperature,

hi-gh- pressure gaseous refrigerant dis-

90 charged fromthe conpressor (11) exchanges heat in the
first heat exchanger (12A-1) on the primary heat source side with

one heat exchanger (1A) on the secondary heat source side and IS
condensed. Thereafter, the pressure of the liquid refrig- 5 erant is
Teduced in the electrically notorized expansi on valve (EVW. The
refrigerant exchanges heat in the second heat exchanger (12A-2) on the
primary heat source side with t he ot her heat exchanger (1B) on the
secondary heat source side and is evaporated. Thereafter, the
refrigerant returns 10 to the conpressor (11) through the outdoor heat
exchanger

CV4 . Pig. 3
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"(214). This circulation operation is repeated. On the ot her hand,
in the secondary refrigerant circuit (B), the heat exchanger (1A) on

t he secondary heat source side located on the left-hand side falls into
a heat- 15 absorption state, and supplies the liquid refrigerant to the

i ndoor heat exchanger (3) owing to the rise in internal pres- sure
caused by the evapo t|on of the refrigerant. In the nmeanti ne, the
first heat exchangel a@ Vvan t he secondary heat source side of the heat
exchanger (1B) on t'he secondary hegt 20 source side |located on the
Tight-hand side falls into
the liquid refriger-

The heat-radi ation state
repeated in both the hedt exchanger
sour ce side. As a resylt, the roo
cool ing can be pegfornmedicontinuousl

per f ormance can b€ | ngroved.
conbining it with {hg eq- 3)
enbodi nent has 5 been escrlbe Al
t he secondary reff/g&rjant &. )

heat -radi ati on state, thereby recovering

heat exchanger (3).

ign state are alternately
? on the secondary heat

91

1a | L .
he air condition- i ng
i-spembodi ment, a case of

l:.y, it may be conbined with
ny ot her enbodi nent.

Fig. b
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(G her Enbodi nent s) In the foregoi ng enbodi nents, various cases
where the 10 heat transport system according to the present invention is
applied to refrigerant circuitry for an air conditioning sys- tem have
been descri bed. However, the present invention is not limted thereto,
but is applicable to various other re- frigerating machines. 15

| NDUSTRI AL APPLI CABI LI TY As descri bed above, the present invention
is effectively. applicable to a heat transport system usable as
refrigerant circuitry for an air conditioning system and nore
particular- 20 |y applicable to a heat transport systemfor transporting
heat by circulating a heat transport nmediumw thout requiring any
driving source such as a punp. 92
CLAI M5

7a
Cv2

4/19



1. A heat transport system characterized by conprising: heat

exchange neans (1) on a heat source side; heat exchange neans (3) on

an application side; a gas pipe (6) for connecting upper ends of the
heat ex- change nmeans (1) on the heat source side and the heat ex- change
means (3) on the application side; a liquid pipe (7) for connecting

| oner ends of the heat exchange neans (1) on the heat source side and the
heat ex- change neans (3) on the application side; heat source neans
(A) for alternately performng a heat- ing operation for raising an

internal pressure of the heat exchange neans (1) on the heat source side
by applying heat to a refrigerant in the heat exchange neans (1) on the
heat source side and a heat-absorbing operation for |lowering the internal
pressure of the heat exchange nmeans @Gl) on the heat source side by
extracting heat fromthe refrigerant/ in the heat exchange neans (1) on the
heat source side; and efrigerant control nmeans (G for performng

[~

heat ab- sorption rupni ng—e ion running on the heat ex-
change nmeans (3) on]the 3 éic tion side by allowing th refrigerant to
f1 ow t hr ough ongéﬁf'Uﬁ s i pe (6) iz (Eﬁ liquid giBe(7) and
preventing the i friomflow ng t &ugh t he ot per ebpe in
accordance with whe Heat sourge neans (A) perfb A; he heati ng
i _~6a 6b~_P3
\l 1b Tb}
1af 1A 1af 1B
h _—~7a 7b—]
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absor bi ng operation, thereby supplying the refrigerant from the heat
exchange neans (1) on the heat source side to the heat exchange neans (3)
on the application side during the heating operation of the heat source
means (A) and recovering the refrigerant fromthe heat exchange neans (3)
on the ap- plication side to the heat exchange neans (1) on the heat

. source side during the heat-absorbing operation of the heat source neans

(A). 2. The heat transport systemof Caiml, characterized in that,
in performng the heat absorption running on the heat exchange neans (3)
on the application side, the refrigerant control neans (G allows a

liquid re- frigerant to be supplied fromthe heat exchange neans (1) on
the heat source side to the heat exchange nmeans (3) on the application
side through the liquid pipe (7) and prevents a gaseous refrigerant from
bei ng recovered fromthe heat ex- change neans (3) on the application side
to the heat exchange neans (1) on the heat source side through the gas
pipe (6) during the heating operation of the heat source neans (A), and
al l ows the gaseous refrigerant to be recovered fromthe heat exchange
means (3) on the application side to the heat exchange neans (1) on the
heat source side through the gas
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" pipe (6) and prevents a liquid refrigerant frombeing sup- plied fromthe
heat exchange neans (1) on the heat source

94 side to the heat exchange neans (3) on the application side
through the liquid pipe (7) during the heat-absorbing opera- tion of the
heat source neans (A). 3. The heat transport systemof Caim1,
characterized in that, in perform ng the heat radiation running on the
heat exchange neans (3) on the application side, the refrigerant
control neans (G allows a gaseous re- frigerant to be supplied fromthe
heat exchange neans (1) on the heat source side to the heat exchange neans -
(3) on the application side through the gas pipe (6) and prevents a |ig-
uid refrigerant from being recovered fromthe heat exchange neans (3) on
the application side to the heat exguange neans (1) on the heat source

side through the liquid pipe (7) dyr- ing the heating operation of the
heat source neans (A),_and al\ows the liquid refrigerant to be
recovered fromthe Heat i (3) on the application side to the

heat exchange nean TIT"aijh heat squrce side through the liquid pipe

d qus 3effi = bei lied f he h
ilninae reans BB LBGgRTY T o oo ey fromne e
Fr LA 6a—~ 6b ~
1b 1b
lc}m 10}18
7Ta—~— 7b ~
CV4 p CV4 ~ oy

Fig. 9
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side to the heat exchange neans (3) on the application side through the
gas pipe (6) during the heat-absorbing operation of the heat source neans
(A). 4. The heat transport systemof Claim1l, characterized in that

t he heat exchange neans (1) on the heat source side includes at |east one
first heat exchanger (la) and at |east 95
one second heat exchanger (1b), which are connected in paral- lel to each
ot her, and that, while the heat source neans (A) perfornms the
heating operation during the heat absorption running of the heat exchange
means (3) on the application side, onlyAhe first heat exchanger (la) is
heated to raise an internal pressure of¥the first heat exchanger (la) and
the pressure is applied onto the sesond heat exchanger (1b), thereby
supply- ing aliquid refrigera I . sat exchanger (1b) to

t he heat exchange nmeans (3) on the & thfo gh the liquid

pi pe (7). 5. The heat tranyn % racterized in
that the heat exchange neans (?? EG |ncludes at | east
one first heat exchanger (la) and at

20

| egst

Fig. 10

Cv

~XJ
/]

cv4e 7
Fig. 11
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one second heat exchanger (lb), which are connected in paral- lel to each
ot her, and that, while the heat source neans (A) perforns the
heat - absor bi ng operation during the heat radiation running of the heat
exchange nmeans (3) on the application side, heat is absorbed only fromthe
first heat exchanger (la) to lower an internal pressure of the first heat
exchanger (la) and the pressure is applied onto the second heat exchanger
(1b), thereby recovering a liquid refrigerant fromthe heat ex- change
means (3) on the application side to the second heat exchanger (1b)

t hrough the liquid pipe (7). 96

6. The heat transporg systemof Caim2 or 4, character- ized in that the
refrigerant control ans (G incl udes a first solenoid valve (SV1),
whi ch is provided for the gas pLp 6 oger? durl t he heat - absorbi ng
operation of the heat sourcg, nedds oseb |ng t he heating op-
eration of the heat source meahs (AN and econd sol enoi d val ve
(SV2), which is provided ey, JjgNid pip ?y? pens grb-r[g t he heating
operation of the heat}s Fr@gg

heat - absor bi ng

-

qAd Cl 0Seg
SVC-1
SVW-1
CV1

ba 1b
' 1a

1A

N SVC-2
CcV3 SVC-2

CV2 MO
svw- 2Ot

RIS

Ta-C Tb-W

X

Fig. 12
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operation of the heat source neans (A). 7. The heat transport system
of Claim3 or 5 character- ized in that the refrigerant control neans (G
i ncl udes: a first solenoid valve (SV1), which is provided for the

gas pipe (6), opens during the heating operation of the heat source neans
(A) and closes during the heat-absorbing opera- tion of the heat source
means (A); and a second sol enoid valve (SV2), which is provided for
the liquid pipe (7), opens during the heat-absorbing operation of the
heat source neans (A) and closes during the heating op- eration of the
heat source neans (A). 8. The heat transport systemof Claim2 or 4,
character- ized in that the refrigerant control nmeans (G i ncludes: a
first check valve (CV1l), which is provided for the gas pipe (6) and allows
only the gaseous refrigerant to fgow from the @at .exchange neans €8 on
the application side to the NN 97 —i

heat exchange neans (1) on the.

f—ang - second check
val ve (CV2), which |s provided )i andialloms oﬁpy t he
liquid refrigerant {o wfl off freaps (1) on thehéat
source side to the!hea i catilon si de
<
>
i 3 M ©
o | © m{S N
q & H 83 BFHio
s mple¥] L 28, |
O 0 a~I9e 0 Y-S I
=N @@l LD ]S NOR
wn mm’\ LN
0 -5 >y g\/ ge- -> !
T LS o) ETe g
T~
Tl ‘___F)..Q — C‘_ll < ‘0 U
o NI AYAY: S0t~
L AVAY O>
S P
83 &
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9. The heat transport systemof Caim3 or 5 character- ized in that the
refrigerant control neans (G includes: ~a first check valve (CV3),
which is provided for the gas pipe (6) and allows only the gaseous
refrigerant to flow from the heat exchange neans (1) on the heat source
side to the heat exchange neans (3) on the application side; and a
second check valve (CVv4), which is provided for the Iliquid pipe (7) and
allows only the liquid refrigerant to flow fromthe heat exchange neans
(3) on the application side to the heat exchange neans (1) on the heat
source side. 10. The heat transport systemof Claiml1, 2, 3 or 4,
characterized by further conprising reservoir nmeans (20), which is
connected in parallel to the heat exchange neans (1) on the heat source
side and re- covers the liquid refrigerant in the heat exchange n&ths (1)
on the heat source side. 11. A heat trangﬁort system characteri zed by
conpris- ing: Y ) : Lon (1A) one a heat
source and at | east E?

98 (1.

SVW-

SVC-1

SVW-1

B\*\
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t he heat source side; heat exchange neans (3) on an application side;
a plurality of gas pipes (6a, 6b) for connecting upper ends of the
respecti ve heat exchange sections (1A, 1B) on the heat source side to an
upper end of the heat exchange neans (3) on the application side; a
plurality of liquid pipes (7a, 7b) for connecting |low er ends of the
respective heat exchange sections (1A, 1B) on the heat source side to a

| ower end of the heat exchange neans (3) on the application side;

heat source neans (A) for alternately performng a first heat exchange
operation for raising an internal pressure of the first heat exchange
section (1A) on the heat source side by applying heat to a refrigerant in
the first heat exchange section (1A) on the heat source side and for
lowering an in- ternal pressure of the second heat exchange section (1B)
on the heat source side by extracting heat froma re#rlgerant in the

second heat exchangE_seaLLQn_LlB;_an_Ihp heat source ) si and a d4@ond

heat exchange operation for |nternal pfessurejof the st
heat exchange sectipn (1A) ' -
the refrigerant in!the fi
side and for raising the iftef
section (1B) on the heat,sga g
in the second heat gpxchang &

extracting heat from
&), on|the heattource

he second heat exchange
%ﬁgﬁzgo the refri ant

99
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(IB) on the heat source side; and refrigerant control neans (G for
perform ng heat ab- sorption running or heat radiation running on the heat
ex- change neans (3) on the application side by switching flow conditions
of the refrigerant in the gas pipes (6a, 6b) and the liquid pipes (7a, 7b)
in accordance with the heat ex- change operation of the heat” source neans
(A), thereby sup- plying the refrigerant fromthe first heat exchange
section (1A) on the heat source side to the heat exchange neans (3) on
the application side and recovering the refrigerant from the heat exchange
means (3) on the application side to the second heat exchange section (1B)
on the heat source side during the first heat exchange operation of the
heat source neans (A), and thereby supplying the refrigerant fromthe
second heat exchange section (1B) on the heat sour ce_s side to the hgat
exchange neans (3) on the application side and re- eoverlng the vl
refrigerant fromth I_ﬁxghange_ﬂeans_LBL_Qn__Ll‘ app. tion sida to
the first heat exchange secti af , of—4 he heat solrce side durind@he
second heat exchangge op- > e€ means (A). e 12,

The heat transport system ; . that, in
perform ng the heatabsorpti ¢ i { _exchiange neans (3) on
t he applicatioqisida,
\/‘1.\ J
Qo — 3
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the refrigerant control neans (G switches the flow con- ditions of the
refrigerant in the gas pipes (6a, 6b) and the

100 liquid pipes (7a, 7b) so as to supply a liquid refrigerant
fromthe first heat exchange section (1A) on the heat source side, heated
by the heat source nmeans (A), to the heat ex- change neans (3) on the
application side through the liquid pipe (7a) and to recover a gaseous
refrigerant fromthe heat exchange nmeans (3) on the application side to

t he second heat exchange section (1B) on the heat source side, heat of
which 1is absorbed by the heat source neans (A), through the gas pipe (6b)
during the first heat exchange operation of the heat source neans (A), and
switches the flow conditions of the refrigerant in the gas pipes (6a, 6b)
and the liquid pipes (7a, 7b) so as to supply a I|qU|d refrigerant from

t he second heat exchange section (1B) on the heat sgurce si de, hedied by

the heat source ne A . to. Lhe_heaL_exc < ¢ n the dﬁﬁ
plication side through the |iguid— gcover gaseo
refrigerant fromthe heat -v‘ﬁ )__Q pIication si.@to
the first heat exchange se@ri|q

A .
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the heat source side, heat of which is absorbed by the heat source neans
(A), through the gas pipe (6a) during the second heat exchange operation
of the heat source neans (A). 13. The heat transport systemof C aim:
11, characterized in that, in performng the heat radiation running on the
heat exchange neans (3) on the application side, the refrigerant
control neans (G switches the flow con- 101
ditions of the refrigerant in the gas pipes (6a, 6b) and the |I|iquid pipes
(74, 7b) so as to supply a gaseous refrigerant fromthe first heat
exchange section (1A) on the heat source side, heated by the heat squrce
neans (A), to the heat ex-_ change neans (3) on the application si

t hrough the gas gbpe (6a{5and to ﬁEcover aliquid refrigerant frontThe
heat ex- changeiﬁeans (3xon the ication sid¥ to the second hegts
exchange sectionwlB) on e heat Sqftce side, h of which %% absdybed
by the heat source BINs3 A), -throygh the |iquid{pptpg (7b) dug ng i

first heat exchang§ opemNyt i pn- of.Ot he T REat}soutce neapgMgY, a

switches the flow ¢onditions gf “Phe\jrerrige afty in the q pi pes (6a, 6b)

and the liquid pipés (7& sa)'so as bpl y/a gaspqls,Pdf ri gerant from
t he second heat exg¢hanigt
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"section (1B) on the heat source side, heated by the heat source means (A),
to the heat exchange neans (3) on the ap- plication side through the gas

pi pe (6b) and to recover a liquid refrigerant fromthe heat exchange neans
(3) on the application side to the first heat exchange section (1A) on

the heat source side, heat of which is absorbed by the heat source neans
(A), through the liquid pipe (7a) during the second heat exchange
operation of the heat source nmeans (A). 14. The heat transport system
of Claim1l or 12, charac- terized in that each of the heat exchange
sections (1A, 1B) on the heat source side includes at |east one first heat

ex- 102 changer (la) and at | east
one second heat exchanger (Ib), which are connected in parallel to each
ot her, and that, in the heat exchange section (1A, 1B) on the heat
source side that receivgs heat fromt heat source neans (A) during the
heat absorgti on runnindfof the he x- change neans (3) on the
applicatio eg' e, only nhe first_hdgat exchanger (la) is heated to raise an
i nt er nal Ure Bf the\ first t exchanger (la) and the pressure is
appl i ed ont thée secgnd heat e angep=(3» , thereby supplying a liquid
3 — ﬁé—@% =
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"refrigerant fromthe second heat exchanger (1b) to the heat exchange neans
(3) on the application side through the liquid pipe (7). 15. The
heat transport systemof Caim1l1l or 13, charac- terized in that each of

t he heat exchange sections (1A, 1B) on the heat source side includes at

| east one first heat ex- changer (la) and at |east one second heat
exchanger (1b), which are connected in parallel to each other, and
that, in the heat exchange section (1A, 1B) on the heat source side, from
whi ch heat is extracted by the heat source neans (A) during the heat

radi ati on running of the heat exchange neans (3) on the application side,
only the first heat exchanger (la) is cooled to | ower an internal

pressure of the heat exchanger (la) and the pressure is ap- plied onto the
second heat exchanger (1b), thereby recovering a liquid refrigerant from

t he heat ex?gange meand (3) on the 103
application®side to the heat exchanger (1b) through the lig- wuid pipe (7).
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Fig. 22
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