DESCRI PTI ON TWO- STAGE CASCADE REFRI GERATI NG SYSTEM 5 Technical Field This
i nvention rel ates to a t wo- st age cascade refrigerating system
and ‘particularly relates to the structure of a receiver. 10 Background
Art A two-stage cascade refrigerating system conventionally includes a
primary side refrigerant circuit and a secondary side refrigerant
circuit each of whi ch effects a refrigerating operation

i ndi vi dual |y, as disclosed inDESCRIPIAONe Unexam ned Pat ent
Publication No. 9-210515. This two-stage cascade refrigerating systemis
used for obtaining tenperatures as low as mnus few ten degrees. This

t wo- st age cascade refrigerating systemis advantageous in energy saving
since it CAROLSTAGE ACASCADE KHERIGERATINGIS¥STEMN ratio froma 20 high
conpression ratio to a | ow conpression ratio. The primary side refrigerant
circuit of the two-stage cascade refrigerating systemis formed by
connecting a conpressor, a condenser, an expansion valve and an
evapor di i oTesksicah Pfeldrefri gerant heat exchanger in this 25 order. On
the other hand, the secondary side refrigerant circuit is forned by
connecti ng a compigssoinventtimiensatliatessectd on adf the-sehyegercascidat
exchanger, an expansion val ve and an evaporator in this order. In the
refrigerantehebgerating system and particularly relates to the

structure of a receiver.

10 Background Art
A two-stage cascade refrigerating system conventionally
includes a primary side refrigerant circuit and a secondary
side refrigerant circuit each of which effects a
refrigerating operation individually, as disclosed 1in
15 Japanese Unexamined Patent Publication No. 9-210515. This
two-stage cascade refrigerating system is used for obtaining
temperatures as low as minus few ten degrees. This two-stage
cascade refrigerating system is advantageous in energy saving
since it can be used in an efficient compression ratio from a
20 high compression ratio to a low compression ratio.
The primary side refrigerant circuit of the two-stage
cascade refrigerating system is formed by connecting a
compressor, a condenser, an expansion valve and an
evaporation section of a refrigerant heat exchanger in this
25 order. On the other hand, the secondary side refrigerant
circuit is formed by connecting a compressor, a condensation

section of the refrigerant heat exchanger, an expansion valve



exchanger, heat of condensation in the secondary side refrigerant circuit
is exchanged with heat of evaporation in the primary side refrigerant
circuit. 5 -Problens to be solved- In conventional two-stage cascade
refrigerating systens including the above-nentioned two-stage cascade
refrigerating system the evaporator for a secondary refrigerant is frosted
10 and therefore a defrosting operation is carried out, for exanple, at
predet er m nad t ene évdErnaicr A diviexeopliery tlechbhgueedi igephetrertealy
such a defrosting operation, there has been proposed one which carries out
a defrosti negacpergdn,on hdat ahanpmipndaidondi riect itdres segfondagfy i geirdent 15
circulation in the primary and secondary side refrigerant circuits to
respecti ve refreigerantcl eisrciSpedid iccaldanged wildh hgat ref evapmhtigedandary
side refrigerant circuits are provided with four-way sel ector valves,
respecti vel the heinpryrariydes irdf rigerager abtcaitcuit 20 provides refrigerant
circulation such that the refrigerant flows through the conpressor, the
refrigemant heat exchanger, the expansion valve and the condenser in this
order and returns to the conpressor. On the other hand, the secondary side

refri ger ant-midgicibinds proovedes 1k@ti-i gerant circul ation 25 such that the
refrigerant flows through the conpressor, the evaporator, the expansion

val ve and the ref#fii geneshtihesil exwhadigife | taddide ofdferi gt tielgurdigstend he
conpressor. As a
including the above-mentioned two-stage cascade refrigerating
system, the evaporator for a secondary refrigerant is frosted
10 and therefore a defrosting operation is carried out, for
example, at predetermined time intervals. As an exemplary
technique of implementing such a defrosting operation, there
has been proposed one which carries out a defrosting
operation by changing the directions of refrigerant
15 circulation in the primary and secondary side refrigerant
circuits to respective reverse cycles.

Specifically, the primary and secondary side
refrigerant circuits are provided with four-way selector
valves, respectively. The primary side refrigerant circuit

20 provides refrigerant circulation such that the refrigerant
flows through the compressor, the refrigerant heat exchanger,
the expansion wvalve and the condenser in this order and
returns to the compressor. On the other hand, the secondary
side refrigerant circuit provides refrigerant circulation

25 such that the refrigerant flows through the compressor, the
evaporator, the expansion valve and the refrigerant heat

exchanger in this order and returns to the compressor. As a



3 result, the frost on the evaporator in the secondary side refrigerant
circuit *is nelted by a high-tenperature refrigerant fromthe
conpressor. Further, conventionally, the primary side refrigerant 5 _
circuit is provided with a receiver between the condenser and the expansion
valve to regulate a liquid refrigerant, whereas the secondary side
refrigerant circuit is provided with a receiver between the refr!geyant
heat exchakg§éillndthRe feosdnseon thel evampradgpul atre &hki qeabdsfmi geidaet .
However, 10 there has been a problemin such primary and secondary side
refrigerantefrigenant i ncimauitheyiganmetltednt rioy aal i ghigh+eémpgeatute at a
suitable flowrate during the defrosting operation. Specifically, during

t he def r ostéfiyigpeart i foron thhe ISmpeesdemser in the primary side refrigerant
circuit functions as an evaporator while the evaporation section of the
refrigerant heafuexbhapgeonivendticondlys aloondensery Isfideheroftt tooramt r
tenperature is high at the time, the evaporation capability of the
condenger ¢iréutt ebs qi-omielegawitthe a2@ecedndensatiesn capabidnden oir tdel
evaporation section of the refrigerant heat exchanger is steady, which
causes a Sthe cettpatsiwet veferattioomregnlbhe aydienid Thetrigerant ! Mhdraad ver,
two pipes introduced into its contai ner have conventionally been set to be

ori ented 2the deenwoaddry Fielkefwsfrigéfantt heirthiiti ds refdsvORsd@nivithn a t he
receiver is large in amount, a large anount of |iquid
receiver between the refrigerant heat exchanger and the
expansion valve to regulate a liquid refrigerant. However,
10 there has been a problem in such primary and secondary side
refrigerant circuits in that they cannot control a liquid
refrigerant at a suitable flow rate during the defrosting
operation.
Specifically, during the defrosting operation, the
16 condenser in the primary side refrigerant circuit functions
as an evaporator while the evaporation section of the
refrigerant heat exchanger functions as a condenser. If the
outdoor air temperature is high at the time, the evaporation
capability of the condenser is 1increased whereas the
20  condensation capability of the evaporation section of the
refrigerant heat exchanger is steady, which causes a so-
called wet operation in the system.
That is, in the receiver, two pipes introduced into its
container have conventionally been set to be oriented
25 downward. Therefore, if the 1liquid refrigerant in the

receiver 1is large in amount, a large amount of liquid

refrigerant will return to the compressor via the condenser.



refrigerant will return to the conpressor via the condenser. As a
result, the systementers a so-called wet operation, which invites a
probl em of poor reliability. Particularly for a | ong pipe which connects

t he conpressor and the refrigerant heat gxchanger through a large 5

di stance, the ampbunt of refrigerant charged thereinto is essentially |arge.

Therefore, the liquid refrigerant wll be stored in |large anobunts in the
recei ver. Bhi & neksslit ithpossidilem tentsats shactoordalylepr evatnt obacktodéni he
liquid refrigerant into the conpressor. 10 On the other hand, in the

secondary shdehr ehviges aat prolylan toflywdarg rdid atbéflidgt.i ng operation, the
evaporator functions as a condenser while the condensation section of the

refrigerant heatragtdlangen yf ufotri ors dsomn eyvipor atlotch Becamsecd t hke
rel ati onship between the conpressor and the 15 evaporator which are

di sposed i @ofip@¥kBbtyah® €€ hrfiticferdrite hamurikchbngelr theoagh ahaaged into
the secondary side refrigerant circuit is small. In addition, the capacity

of the Bvapesahfte} s tas gamothe |éfuird fralergatanthisgddendleaied ndiof fisul t
to accunulate in the receiver. As a result, the 20 refrigerant is

difficult teseftUAD1YOl4Hge COTREESES e, WHENL DRKES réfrighfdntcubill tive
ensure a desired refrigerant circulating flowrate. Particularly if no

pressure regdygebionicanaligel t ¥ymbenPs oviiredhbet neesivae. r eudisvenarad the

refrigerant heat exchanger, the suction side pressure of the
impossible to satisfactorily prevent back of the 1liquid
refrigerant into the compressor.

10 .On the other hand, in the secondary side refrigerant
circuit during the defrosting operation, the evaporator
functions as a condenser while the condensation section of
the refrigerant heat exchanger functions as an evaporator.

Because of the relationship between the compressor and the

15 evaporator which are disposed in proximity to each other, the

<t

amount of refrigerant charged into the secondary side
refrigerant circuit is small. In addition, the capacity of
the evaporator is large. The liquid refrigerant is therefore
difficult to accumulate in the receiver. As a result, the
20 refrigerant is difficult to return to the compressor, which
makes it difficult to ensure a desired refrigerant
circulating flow rate. Particularly if no pressure reduction
capability 1is provided between the receiver and the
refrigerant heat exchanger, the suction side pressure of the
25 compressor easily drops down to a low level, which makes it
impossible to ensure the desired refrigerant circulating flow

rate.



25 conpressor easily drops down to a |ow | evel, which nmakes it inpossible
to ensure the desired refrigerant circulating flow rate. 5 The present

i nvention has been made in view of the foregoing points and has its object
of controlling a liquid refrigerant at asuitable flow rate during a
defrosting operation. 5 Disclosure of Invention Specifically, as shown in
Figure 1, a two-stage cascade refrigerating systemas a first solution

i ncl udes a pri mihe spdeseet r iigeeatt oai ricas t be2d) médeh ins Yoewedhythe
connecting a 10 conpressor (21), a condenser (22), an expansion
mechani sm ¢beYédpingdpanneyapadahiagn itectiwyec «of redntgelbing heal iguétanger
(11) in this order and in which a primary refrigerant circulates and a
recei ver (2b¥rigedasposad ian suitapied |filvew Theesydireinal 0 defrodesngt

| east one secondary 15 side refrigerant circuit (3A) which is forned by
connect i ngopegatipeassor (31), a condensation section of the refrigerant
heat exchanger (11), an expansi on nechani sm (EV21) and an evaporator (5a)
in thissorder and in which a secondary refrigerant circul ates, a receiver
(34) is disposed ina 20 liquid line and the primary refrigerant exchanges

heat with phecsesaprdass Ifentismnt in the refrigerant heat exchanger

Specifically, as shown in Figure 1, a two-stage cascade

refrigerating system as a first solution includes a primary

side refrigerant circuit (20) which is formed by connecting a

10 compressor (21), a condenser (22), an expansion mechanism

(EV1il) and an evaporation section of a refrigerant heat

exchanger (11) in this order and 1in which a primary

refrigerant circulates and a receiver (25) is disposed in a

liquid line. The system also includes at least one secondary

15 side refrigerant circuit (3A) which is formed by connecting a

compressor (31), a condensation section of the refrigerant

heat exchanger (11), an expansion mechanism (EV21l) and an

evaporator (5a} in this order and in which a secondary

refrigerant circulates, a receiver (34) 1s disposed in a

20 liquid line and the primary refrigerant exchanges heat with

the secondary refrigerant in the refrigerant heat exchanger
(11).

Further, said at least one secondary side refrigerant

circuit (3A) and the primary side refrigerant circuit (20)

25 are arranged to make the direction of refrigerant circulation

reversible between a forward cycle and a reverse cycle. In

addition, the receiver (25) of the primary side refrigerant



(11). Further, said at |east one secondary side refrigerant circuit (3A)
and the primary side refrigerant circuit (20) 25 are arranged to make the
direction of refrigerant circulation reversible between a forward cycle and
a reverse cycle. In addition, the receivwer (25) of the primary side
refrigerant circuit (20) includes a container (2a), a first pipe (2b)
whi ch communi cates with the condenser (22) and is introduced to the inside
of the contairpett(220)anth@udgena ngoand iokrwhi2d) ,i sal diaked mipen (Ebsi de
upper position of the container 5 (2a), and a second pipe (2c) which
communi cat ehivht holiieniehtegewath brat cexabasger (221) aaddiksinhrodduedd to
the inside of the container (2a) and an opening end of which is | ocated at

an inside kewathepomidide 6f the contaiimer (£2y) #Andeanndp@litigi ashd Sof
directed to a two-stage cascade 10 refrigerating systemincluding the

primary si ¢aichf ikgebaatedi €W Bl ddhapireopdanyishderr ehei genaainetrr cuit
like the first solution. Further, said at | east one secondary side

refrigefant2aht clirdd (8A)sedtthd gﬁiﬂ%i neldy SkitecH etbinfighabhtesr Giith €BE)
are arranged to make the Irection of 15 refrigerant circulation

reversi bl erEQE‘.ﬂ?@Baﬁtf N deg¥Rhig@nd @1nevense iy clRerfQiddEer iy eththe
receiver (34) of the secondary side refrigerant circuit (3A

reversi bl einsife ofehthedeathigkrcybali ehd n6l WiRs id L dHAITEIwh B, i3
first pipe (3b)
located at an inside lower position of the container (2a).
A second solution is directed to a two-stage cascade
10 refrigerating system including the primary side refrigerant
circuit and the secondary side refrigerant circuit 1like the
first solution. Further, said at least one secondary side
refrigerant circuit (3A) and the primary side refrigerant
circuit (20) are arranged to make the direction of
15 refrigerant circulation reversible between a forward cycle
and a reverse cycle.

Furthermore, the receiver {(34) of the secondary side
refrigerant circuit (3A) reversible in refrigerant
circulation includes a container (3a), a first pipe (3b)

20 which communicates with the refrigerant heat exchanger (11)
and is introduced to the inside of the container (3a) and an
opening end of which is located at an inside lower position
of the container (3a), and a second pipe (3¢) which
communicates with the evaporator (5a) and is introduced to

25 the inside of the container (3a) and an opening end of which

is located at an inside lower position of the container {(3a).

In addition, a pressure reduction passage (65) for



20 which comrunicates with the refrigerant heat exchanger (11) and is
introduced to the inside of the container (3a) and an opening end of which
is located at an inside | ower position of the container (3a), and a second
pi pe (3c) which communicates with the evaporator (5a) and is introduced to
25 the inside of the container (3a) and an opening end of which is | ocated
at an inside |ower position of the container (3a). In addition, a pressure
reducti on padeuyeqg(6be ffdow ofaltla sagcvhéaty ovebtigdeanecondaeyhrough
refrigerant therethrough during the reverse cycle of refrigerant
circul ati oduaingeths peoerdedchelaeces trbérigérager ahtcheatiexchamgerisll)
and the receiver (34) in the secondary side refrigerant circuit (3A) 5
reversi bl epromideéf begecant thei redt bhéoimt Rewk dbehamf@SSUTE) rodUcEhON
passage (65) is provided with a shut-off valve (SVDL) smaller in dianeter

than the passafeer A(Bap- Sh aflee cascaf8ar ¢f 5iger 8éF RUgSYSiEN: BB £ h'¥3ﬁ)
solution is arranged in the second solution so that, |ike the 10 irst

sol utidn, rtherstetei viai xedM)igedfantt heirRLilBREYn, Si R4 efKé 085 REsEFé CUI t
(20) includes a container (2a), a first pipe (2b) which conmunicates with

the condensegu¢e2dn apdsisagent (68IUCEE tOréPRIdNSKEENOfa t REUEORER NEL1¢L)
and an opening end of which is |ocated at an inside upper position of the

15 contai (8VDL) 2énalleénd A cSeeRRerPikhan ¢Re) pdbhghe cOnmuni cates with the
refrigerant heat exchanger (11, 11) and is introduced to the inside
of the contai nen (&@)-&ubeaNca@pPeAHAY refrigerating system as a third
solution is arranged in the second solution so that, like the
10 first solution, the receiver (25) of the primary side
refrigerant circuit (20) includes a container (2a), a first
pipe (2b) which communicates with the condenser (22) and is
introduced to the inside of the container (2a) and an opening
end of which i1s located at an inside upper position of the
19 container (2a), and a second pipe (2¢) which communicates
with the refrigerant heat exchanger (11, 11) and is
introduced to the inside of the container.(Za) and an openihg
end of which is located at an inside lower position of the
container (2a).
20 A fourth solution is concerned with the first or second
solution, wherein a plurality of refrigerant heat exchangers
(11, 11) are provided. Further, the evaporation sections of
the refrigerant heat exchangers {11, 11) are connected in
parallel with each other to form the primary refrigerant
25 circuit (20}, and the refrigerant heat exchangers (11, 11)

are connected with the secondary side refrigerant circuits

(3aA, 3B), respectively. PFurthermore, at least one secondary



end of which is located at an inside |lower position of the container (2a).
20 - Afourth solution is concerned with the first or second sol ution,
wherein a plurality of refrigerant heat exchangers (11, 11) are provided.
Further, the evaporation sections of the refrigerant heat exchangers (11,
11) are connected in parallel wth each other to formthe primary
refrigerant 25 circuit (20), and the refrigerant heat exchangers (11,
11) are coahdet edfwiighraht seécondar y3a) defr efird genartlidiy cof t Se¢3hdad) ,
respectively. Furthernore, at |east one secondary side refrigerant
circuit (38jldef nrdierigfaraat t yietusesondday simle rief r agenagbdci t6uihskd 3A,
3B) is arranged to make refrigerant circulation therein reversible. In
addi tion, téfriyapmatolscffe;idb)tidrdite secondale side dedrtget,anthd
circuits (3A, 3B) are forned unitarily. In these solutions, during a
defrosti ngeogpspitors t(Ba,priswry ofi deheef EegehaltyCi scaet 261 iadehithe
secondary side refrigerant circuit (3A toget her provide

refrigdr antiedtitts at3zn 3B) raversemeMchastabkanyicularly in the fourth 10
sol ution, one secondary side refrigerant circuit (3A) alone effects a

defrosting oper @hi ehesen solethand, idurling ecdaydtisigdedeafdtignl,anthe
circuit (3A), the shut-off valve (SVDL) of the pressure reduction passage

(65) is fubtimapenette Thersagandar eifvitgerz)t kR theraivoriischasged from
t he conpressor (31) flows through the
refrigerant circuit (3a) together provide refrigerant
circulation in reverse cycles. Particularly in the fourth
10  solution, one secondary side refrigerant circuit (3A) alone
effects a defrosting operation.
On one hand, in the secondary side refrigerant circuit
(3a), the shut-off valve (SVDL) of the pressure reduction
passage (65) is fully openéd. The secondary refrigerant
15 thereby discharged from the compressor (31) flows through the
evaporator (50) to heat the evaporator (50} and defrost the
evaporator (50). Thereafter, the secondary refrigerant flows
through the receiver (34) and the pressure reduction passage
(65) and is then reduced in pressure in the shut-off wvalve
20 (SVDL). Subsequently, the secondary refrigerant evaporates in
the condensation section of the refrigerant heat exchanger
(11) and then returns to the compressor (31). The secondary
refrigerant repeats this circulation.
Particularly in the second and third solutions, the
20 secondary refrigerant flowing out the evaporator (50) flows

into the container (3a) of the receiver (34) from the second

pipe (3c) and then flows out from the first pipe (3b). At the



evaporator (50) to heat the evaporator (50) and defrost the evaporator
(50). Thereafter, the secondary refrigerant flows through the receiver (34)
and the pressure reduction passage (65) and is then reduced in pressure in
the shut-off valve 20 (SVDL). Subsequergly, the secondary refrigerant
evaporates in the condensation section Of the refrigerant heat exchanger
(11) and then returns to the conpressor (31). The secondary refrigerant

repeats thitsmeireithati Re &ehindlaid Yo ntHEiseeopdpand3bhi id sekuteans,
the 25 secondary refrigerant flow ng out the evaporator (50) flows into

the contai ger thaa)ldfert hSos LERIYEHE( Ak fdpdiRersechnd ptRe t3ebnandyt hen
flows out fromthe first pipe (3b). At the 9 tinme, since the opening end

of the fi r%tef@'&geréﬁ@ inS 10galedpRhsé he sl anedy pesi 1ok Sut hergeahakper
(3a), the secondary refrigerant in liquid phase is easy to flow out.

Further, sisRgeet hgyshuhneldryak¥eveSVidupf HPe tReeSSHESsuRIUSERABL Pon
passage (65) is slightly smaller in dianmeter than the passage, it provides

resi stapcepggaipat (65§ riges AnflPWnAS & ries\WibmetedethhRdthEl phESLEEE!
circulating flow rate can be ensured. On the other hand, the primary

refrigeranti prbheqpsi %Ms@&?@e rRfdigar Al Sigeeht €20 . dhschargesi £y om

the 10 conpressor (2 and then flows through the evaporation

section of 5t BesfLEA! PEEATYeNGA! SXCHAMS ]fgi)owt QabgakahNBeSeRORHEEY

refrigerant in the secondary side refrigeran
On the other hand, the primary refrigerant in the

primary side refrigerant circuit (20) discharges from the

10 compressor (21) and then flows through the evaporation

section of the refrigerant heat exchanger (11) to heat the

secondary refrigerant 1in the secondary side refrigerant

circuit (3A). Thereafter, the primary refrigerant having

flowed through the refrigerant heat exchanger (11) flows

18 through the receiver (25), evaporates in the condenser (22)

and returns to the compressor (21). The primary refrigerant
repeats this circulation.

Particularly in the first and third solutions, the

primary refrigerant flowing out the refrigerant heat

20 exchanger (11) flows into the container (2a) of the receiver

(25) from the second pipe (2c¢) and then flows out from the

first pipe (2b). At the time, since the opening of the first

pipé {(2b) is located at the upper position of the container

(2a), the secondary refrigerant in liquid phase is hardly to

25 flow out and the primary refrigerant in gas phase mainly

flows out. As a result, it can be suppressed that the liquid

refrigerant flows back to the compressor (21).



circuit (3A). Thereafter, the primary refrigerant having flowed through the
refrigerant heat exchanger (11) flows 15 through the receiver (25),
evaporates in the condenser (22) and returns to the conpressor (21). The
primary refrigerant repeats this C|rculi@|on Particularly in the first and
third solutions, the primary refrigera flowng out the refrigerant
heat 20 exchanger (11) flows into the container (2a) of the receiver (25)
fromthe second pipe (2c) and then flows out fromthe first pipe (2b). At
the tine, since the opening of the first pipe (2b) is |ocated at the upper
posi ti on ofEfliectentai ner (2a), the secondary refrigerant in |liquid phase
Is hardly to 25 flow out and the primary refrigerant in gas phase mainly

flows out. As apneswding tteanhee supptpssed ddabndherdurd dsbehitiggEant
fl ows back to the conpressor (21). 10 -Effects- According to the first,

third and kedebhtBe! #i19ASpis NEL)t high fiHeS trRicR@et-2R R 5) nofh‘é‘héegﬁiﬂ(éfy(%)
of the primary 5 side refrigerant circuit (20) is arranged to be open at

the inshdesyppere@@sbybkantokitBgi€0NDO) n% (3%%)3 Kgdl HIPeABPEH K Lhaui d
refrigerant can be stored in the receiver aresult, the primry

refrigerangnsigbi g %)Qrpﬁ%%@tﬁblﬁ' B¢ R %frft%awe&g @R, ald OMa k@ Afount
controlled at a sui low 10 rate.
of liquid refrigerant can be stored in the receiver (25). As
a result, the primary refrigerant in liquid phase during the
defrosting operation can be controlled at a suitable flow
10 rate.

Specifically, when the outside air temperature is high,
the evaporation capability of the condenser (22) is increased
and in this case the first pipe (2b) mainly sucks the primary
refrigerant in gas phase. Therefore, the liquid refrigerant

15 does not flow back to the compressor (21). As a result, a wet
operation can be consistently prevented thereby providing
enhanced reliability.

Particularly, a wet operation can be prevented even for
a long pipe with a large amount of refrigerant charged

20 thereinto, and a wet operation can be prevented with
reliability even 1if reduction in evaporation capability of
the condenser (22) through fan control is insufficient.

Further, according to the second, third and fourth
solutions, since the first pipe (3b) in the receiver (34) of

25 the secondary side refrigerant circuit (3A) is arranged to be

open at the inside lower position of the container (3a), the

secondary refrigerant in liquid phase is easy to flow out. As



Specifically, when the outside air tenperature is high, the evaporation
capability of the condenser (22) is increased and in this case the first

pi pe (2b) mainly sucks the primary refrigerant in gas phase. Therefore, the
liquid refrigerant 15 does not flow bagk to the conpressor (21). As a
result, a wet operation can be consistently prevented thereby providing
enhanced reliability. Particularly, a wet operation can be prevented even
for a | ongapirgeuwhitt hthel argmaagouatroferafiti ger antuihaphese 26uthegetneo,
and a wet operation can be prevented with reliability even if reduction in
evapor at i ode€apabihit ppefratiencardenser daRrdihedught f an @oitdalle | $1ow
insufficient. Further, according to the second, third and fourth sol utions,
since the fratet pipe (3b) in the receiver (34) of 25 the secondary side
refrigerant circuit (3A) is arranged to be open at the inside |ower

position of the Spentidiieall{3ain the secondary Eedei gerangeiranti auiuphase
is easy to flow out. As aresult, the primary refrigerant in liquid

phase diiri nga) hetHef aREthBYoOPLEBLi§ArSaN BRaL G rohd i ati @ ﬁh'éif‘béﬁ?f | ow
rate. Specifically, in the secondary side refrigerant circuit 5 (3A), the

amount of eRéri ggpanitEhargednkehesohpotratspal [s@nd ithe 16apaci tyyef the
evaporator (50) is large, but the secondary refrigerant in [iquid phase

1; |e F:Maglgl : ?Eécbh@atﬁceié/ﬁidéi‘b)nﬂ etiy NS itg@idhepbaBBr e658Wihgl) iMtd D the

zéceiver (34) returns to the compressor (31) with reliability.

As a result, the refrigerant circulating flow rate during the

10 defrosting operation can be consistently ensured thereby
providing enhanced defrosting capability.

Particularly, since the shut-off valve (8VDL) of the
pressure reduction passage (65) 1is slightly smaller in
diameter than the passage, it provides resistance against

15 refrigerant flow. This resistance allows the suction side
pressure of the compressor (31) to be held at a predetermined
value and therefore the secondary refrigerant in liquid phase
evaporates in the refrigerant heat exchanger (11) and returns
to the compressor (31) with reliability. As a result, a

20 desired refrigerant circulating flow rate can be consistently

ensured.

Brief Description of Drawings
Figure 1 is a refrigerant circuit diagram showing an
25 essential part of a high temperature side refrigerating
circuit in an embodiment of the present invention.

Figure 2 is a refrigerant circuit diagram showing an



As a result, the refrigerant circulating flow rate during the 10
defrosting operation can be consistently ensured thereby providing
enhanced defrosting capability. Particularly, since the shut-off valve
(SVDL) of the pressure reduction passagﬁ%(GS) is slightly smaller in

di aneter than the passage, it provides resistance against 15 refrigerant
flow This resistance allows the suction side pressure of the conpressor
(31) to beebstmtial a prmedetes mManedowal tenpadatheeel oidet hee BECHELRE Ing
refrigerant in liquid phase evaporates in the refrigerant heat exchanger
(11) and retneust tin tite copydseot c31khe phekehtabhbétyiods a result, a 20
desired refrigerant circulating flow rate can be consistently ensured.
Brief Description of Drawings Figure 1 is a refrigerant circuit diagram
showi ng an 25 essential part of a high tenperature side

refriger at Bagt Qisda!i fort ITarvEANGPO Due theOintBRLPERSENt [ Nnvention. Figure 2
is arefrigerant circuit diagram show ng an 12 essential part of a | ow

tenper & ure sidgereinhgess) i NG CehbYiinbAtt her enbedi g?@&eﬂf e et
i nvention. Best Mdde for Carrying Qut the Invention Her el nafter,

an enbodiwEnt b@fdeédﬁwoﬁiﬁnuethmiemtﬁnré\féfexb@ed@é%ﬁé’%ﬁdﬂﬂﬁi ail with
reference to the drawi ngs. As shown in Figures 1 and 2, a two-stage cascade
As shown in Figures 1 and 2, a two-stage cascade
refrigerating system (10) is a system for cooling in a
chiller or a freezer and includes an outdoor unit (1a), a
10 cascade unit (1B) which is a heat exchange unit, and a
cooling unit (1C). A high temperature side refrigerating
circuit (20) is formed by the outdoor unit (1A) and part of
the cascade unit (1B).  On the other hand, two low
temperature side refrigerating circuits (3A) and (3B) are
15 formed over the cascade unit (1B) and the cooling unit (1C).
The high temperature side refrigerating circuit (20)
constitutes a primary side refrigerant circuit that allows
reversible operation by switching the direction of
refrigerant circulation between a forward cycle and a reverse
20 cycle. Further, the high temperature side refrigerating
circuit (20) includes a compressor (21), a condenser {22) and
evaporation sections of two refrigerant heat exchangers (11,
11).
A first gas pipe (40) is connected to the discharge
25 side of the compressor (21) and a second gas pipe (41) is

connected to the suction side thereof. The first gas pipe

(40) starts with the compressor (21), connects an oil



refrigerating system (10) is a systemfor cooling in a chiller or a freezer
and incl udes an outdoor unit (1A), a 10 cascade unit (1B) which is a heat

exchange unit, and a cooling unit (1C). A high tenperature side
refrigerating circuit (20) is formed by :pe outdoor unit (1A) and part of
the cascade wunit (1B). On the othHer hand, two |ow tenperature

side refrigerating circuits (3A) and (3B) are 15 forned over the cascade

unit (1B) assbdherqoo(23y whdt 1€ urdhgy hisghebesperatlvice 24l in this
refrigerating circuit (20) constitutes a primary side refrigerant circuit

that al | owsorderazidli® thepekahnedtedd¥o of¥i &£Mid thd heonddligect (2 . of
refrigerant circul ati on between a forward cycle and a reverse 20 cycle.

Further, tihee dindr &n@TBEr 2hdr eondbf8er! €b2] 9Bs addie CtdL Wit 2Ne idid udes
a conpressor (21), a condenser (22) and evaporation sections of two

refrigerantoheat) exGhapages (@dl. Thd. lﬁqﬁi&sﬁlﬂés e 4ndisi taiEegdyed to

the discharge 25 side of the conpressor (2 and a second gas pipe (41)

i's conngct ed ﬁglﬁh&%éctmav ahde ﬁd&er@pinchT%ﬁééShﬂasA;es pewﬁféo)bz%ﬁﬂs

with the conpressor connects an oil 3 separator (23) and

four - way Sg&ﬁ&‘é@ VEcT)( 24)el Eoﬁﬂéét@?d% %HQ 'e%abB%BtEBH”%%Tc%%hQ Qﬁe end
of the condenser 22) he other end of the condenser (22) is connected
with one eng,Oftyi liediidePbR® ha2t- eXBBahidtd d(Pi PO 1()42)r dshek¥IHd1ME €d by
The main pipe (4a) of the liquid pipe (42) starts with
the condenser (22) and is connected to the branch pipes (4b,
10 4¢) through the receiver (25). On the other hand, the branch
pipes (4b, 4c) are provided with cooling motor-operated
expansion valves (ELV1l) which are expansion mechanisms,
respectively.
The second gas pipe (41) is constituted by a main pipe
15 (4d) and two branch pipes (4e, 4f). The main pipe (4d) of
the second gas pipe (41) starts with the compressor (21),
connects an accumulator (26) and thé four-way selector wvalve
(24) in this order. On the other hand, the branch pipes (4e,
4f} are connected to the evaporation sections of the
20 refrigerant heat exchangers (11, 11), respectively. In other
words, the evaporation sections of the two refrigerant heat
exchéngers (11, 11) are connected in parallel with each other
in the high temperature side refrigerating circuit (20).
It is to be noted that the branch pipes (4b, 4c, 4de,
25 4Af) of the liquid pipe (42) and the second gas pipe (41) are
provided in the cascade unit (1B).

A gas passage (43) is connected between the first gas



5 a main pipe (4a) and two branch pipes (4b, 4c). The branch pipes (4b,
4c) are .connected to the evaporation sections of the two refrigerant heat
exchangers (11, 11), respectively. The main pipe (4a) of the |iquid pipe
(42) starts with the condenser (22) and,js connected to the branch pipes
(4b, 10 4c) through the receiver (25). &% t he ot her hand, the branch pipes
(4b, 4c) are provided with cooling notor-operated expansion val ves (ELV11)

which are gxgangiseh Heahabies FocdiveReciByel Yonelhadesonthgagapi pessdde is
constituteg Ey 3 ngin pi pe 15 ckid) aﬁdsymo gf%nch pi pes ?ﬁe, gf)é q#he

main pipe ((44) iof dNHRqCNGHag PR ibAL)o St 8RS SFrkR gae goi e$40)

(21), connects an accunulator (26) "and the four-way selector valve (24) in

this ordery (0. the theleshapde theMRaRCNs Bl Detok 40a14E) @24 camgectrd to

t he evaporation sections of tﬁe 20 refrigerant heat exchangers (11, 11),

respectivel het r t a t4en Ctd NS t i
refrigeranFXHgg?sgicﬁgﬁggrs %1E€%%¥ gﬁgﬁcgﬁng%?e&h?ﬂ ngg% gl %f?h é%ch

other ip t i epper.at i i i | LiGrH . i b
roted that CPRACE SlchEy Pl dipst Hpriph! WG GG (D) He 823D ond

t he second LPpe A41); ar i et [ d
passage (4§%%§§880Aﬁé téﬁgb§f§ggﬁé ﬁgl??ré?eaggég@g€4ggFgg(%ﬁ%?ﬁghgéﬁﬁe

LEcelver (%é}angéﬁ qud QFrlle 93§nP3RAGRIre control during a cooling
operation.

An oil backing passage (44) equipped with a capillary

10  tube (CP) is connected between the oil separator (23) and the
suction side of the compressor {(21). An unloading passage
(45) of the compressor (21) which 1is equipped with a
capillary tube (CP) and a shut-off valve (SVRH) is connected
between the discharge and suction sides of the compressor

15 (21). An intermediate portion of the unloading passage (45)
is connected to the compressor (21).

The first gas pipe (40) on the discharge side of the
compressor (21) is provided with a high-pressure sensor
(PSH1) for sensing the pressure of a high-pressure

20 refrigerant and a high-pressure switch (HPS1) for outputting
an OFF signal when the pressure of the high-pressure
refrigerant excessively rises up to a predetermined high-
pressure value. Further, the second gas pipe (41} on the
suction side of the compressor (21) is provided with a low-

25 pressure sensor (PSLl) for sensing the pressure of a low-
pressure refrigerant.

As a feature of the present invention, the receiver



(43) is connected to a portion of the first gas pipe (40) |ocated between
the four-way sel ector valve (24) and the condenser (22). The other end of

t he gas passage (43) is 5 connected to an upper portion of the receiver
(25). The gas passage (43) is provided y¢th a shut-off valve (SVGH) and
arranged to effect high pressure control during a cooling operation. An oi
backi ng passage (44) equipped with a capillary 10 tube (CP) is connected
bet ween t he2bj | isefaidrisora ( 23ntandetrhe (Baict | an Bircket obibke (2pr essora (21) .
An unl oadi ng passage (45) of the conpressor (21) which is equipped with a

capillary bebend GPipang248) shthe oféntvai ver ( BAH) id4 steamnecleth bet pkesed he
di scharge and suction sides of the conpressor 15 (21). An internedi ate

portion of cbheauntpa@eay. pPessagerié¥Pips (MNeLiEdthi® sdeodNMpPiLssorcf21).
The first gas pipe (40) on the discharge side of the conpressor (21) is

provi ded wath @ohhabtB@essuUtBesaBsar piBeHIMa) fodr treensidigid thtepe p(£35Ur e
of a high-pressure 20 refrigerant and a hi gh-pressure switch (HPS1) for

out put t§ ngaana CkEqei@nednavhen the pressure of the high-pressure refrigerant
excessively rises up to a predeterm ned high- pressure value. Further, the

second gas pi peongl)erR dhetBHCIAIQRSIgpOf (2B cofRuassates2Withs PiOVi ded
wth a low 25 pressure sensor (PSL1) for sensing the pressure of a | ow
pressure rgbhigesant (283 .a fieat wiesel gtk Prespntid nveptdé@iced heor egigd ver
inside of the container (2a) and bends upward from the mid-
portion of the container (2a). Further, an opening end as the
10 other end of the first pipe (2b) is located at an inside
upper position of the container (2a).

One end of the second pipe (2c¢) communicates with the
refrigerant heat exchangers (11, 11) through the cooling
motor—-operated expansion valves (EV1l), respectively. The

15  second pipe (2e¢) is introduced to the inside of the container
(2a) and bends downward from the mid-portion of the container
(2a) . Further, an opening end as the other end of the second
pipe (2¢) is located at an inside lower position of the
container (2a).

20 Accordingly, during the defrosting operation, a liquid
refrigerant flows into the receiver (25) from the second pipe
(2¢) while a refrigerant flows out it from the first pipe
(2b) . At the time, since the first pipe (2b) is turned upward,
a gas refrigerant mainly flows through the first pipe (2b).

25 On the other hand, the first low temperature side
refrigerating circuit (3A) constitutes a secondary side

refrigerant circuit that allows reversible operation by



15 (25) includes a container (2a), a first pipe (2b) and a second pipe
(2c). The container (2a) is forned into a closed container (2a). The first
pi pe (2b) and the second pipe (2c) are connected to the main pipe (4a) of
the liquid pipe (42) 5 as a liquid linejgOne end of the first pipe (2b)
communi cates wth the condenser (22). The first pipe (2b) is introduced to
the inside of the container (2a) and bends upward fromthe m d- portion of
t he cont ai settdiin)g Huet dierectaiomwpehi ngf eigkmmtt hei ddnl atier lentdveadn tde
first pipe (2b) is |located at an inside upper position of the container
(2a). One foxlvanfdt bgciecand pi peef@eyec@ypnilei.canestivin,h the Fefrsitgerant
heat exchangers (11, 11) through the cooling notor-operated expansion

val ves (EVidpper#ispest i yodey. dderilderaasioond qifmilt2c) (323 i nitmadisked t the
i nside of the container (2a) and bends downward fromthe m d-portion of the

contai ner ¢@mpredsbt heqz1pn openicbgdendadsohhesetheponendrof tHe sepeand pi pe
(2c) is located at an inside |lower position of the container (2a). 20

Accor digl ye fEliifd feh it hee fdefdxebland@roRendt baa, eRapb it thd eldd 9er@ts fdOoWs
into the receiver (25) fromthe second pipe (2c) while a refrigerant flows
out it fromphegfist. pipe (2b). At the tinme, since the first pipe (2b) is
turned upward, a gas refrigerant mainly flows through the first pipe (2b).
25 On  thee aiBehabgBdsidbhef fthkSlconpPWssbeNM@13t Ule cotirfited

refrigerating circuit (3A) constitutes a secondary side
to one end of the condensation section of the first
refrigerant heat exchanger (11) via an oil separator (32) and
10 a four-way selector valve (33) by a first gas pipe (60). The
other end of the condensation section is connected to one end
of the evaporating heat transfer piping (5a) via a check
valve (CV), a receiver (34) and a cooling expansion valve
{EV21) as an expansion mechanism by a liquid pipe {(61). The
15 other end of the evaporating heat transfer piping (5a) is
connected to the suction side of the compressor (31) via a
check wvalve (CV), the four-way selector wvalve (33) and an
accumulator (35) by a second gas-pipe (62).
The first refrigerant heat exchanger (11) is a cascade
20 condenser and ié arranged to mainly exchange heat of
evaporation in the high temperature side refrigerating
circuit (20) with heat of condensation in the first low
temperature side refrigerating circuit (3a).
It is to be noted that the cooling expansion wvalve
25 (EV21) is a temperature-sensitive expansion valve and a

temperature-sensing bulb (TS) is disposed in the second gas

pipe (62) located on the outlet side of the evaporating heat



refrigerant circuit that allows reversible operation by 16 switching the
direction of refrigerant circul ati on between a forward cycle and a reverse
cycl'e. Further, the first low tenperature side refrigerating circuit (3A)

i ncludes a conpressor (31), a condensatien section of the first 5
refrigerant heat exchanger (11) and evag rating heat transfer piping (5a).
The di scharge side of the conpressor (31) is connected to one end of the
condensat i epas€edt opiwing hesd)i rst refrigerant heat exchanger (11) via an
oil separator (32) and 10 a four-way selector valve (33) by a first gas

pi pe (60). The ahberrergk ofiolher ppuiensatd 0Bigectnedriigere@ingct etré@ine
end of the evaporating heat transfer piping (5a) via a check valve (CV), a

receiver (343)ard¢facegola Nk ERANTIPoY@tme dFV2L) ads e re¥Pa/dIdN and
mechanism by a liquid pipe (61). The 15 other end of the evaporating heat

transfer piRbPEréPE) ihe168B5CG! €dlrd th t BEnS YaldsQiyeSi (83 )0f 5“?&0 SO
(31) via a check valve (CV), the four-way sSelector -valve (33) and an

aCCU”UQﬁtO?a§§§§ebY6@)3&&90@ iree reBdkrithephkEaber ¢65) gerROtahent
exchanger (11) is a cascade 20 condenser and "is arranged to nmainly

exchange Beatna 05,y apedati OdhddtedtdNpbeRPehakUsE EhdEchEEk I GRIR | Ng
circuit (20) with heat of condensation in the first |ow tenperature side
refrigeratigg) CifhCYe (3ond gas passage (62). The drain pan passage
(63) is provided with a drain pan heater (6a} and a check
valve (CV) and a refrigerant (hot gas) discharged from the
10 compressor (31) flows therethrough.
The gas bypass passage (64) is connected to both ends
of the cooling expansion valve (EV21l) in the liquid pipe (61).
The gas bypass passage (64) includes a check valve (CV) and
is arranged so that a liquid refrigerant bypasses the cooling
15 expansion valve (EV21) during the defrosting operation.
As a feature of the present invention, the receiver
(34) includes a container (3a), a first pipe (3b) and a
second pipe (3¢). The container (3a) is formed into a closed
container (3a). The first pipe (3b) and the second pipe (3c)
20 are connected to the liquid pipe (61) which is a liquid line.
.One end of the first pipe (3b) communicates with the
refrigerant heat exchanger (11). The first pipe (3b) 1is
introduced to the inside of the container (3a) and bends
downward from the mid-portion of the container (3a). Further,
25 an opening end as the other end of the first pipe (3b) is
located af an inside lower position of the container (3a).

One end of the second pipe (3c¢) communicates with the



It is to be noted that the cooling expansion valve 25 (EV2l1) is a

t enper at.ure-sensitive expansion valve and a tenperature-sensing bulb
(TS) is disposed in the second gas pipe (62) |located on the outlet side of
t he evaporating heat 17 transfer piphgg (5a). The first |ow tenperature
side refrigerating circuit (3A) effects defrosting operation in a reverse
cycle and therefore includes a drain pan passage (63), a gas bypass 5

passage (6dyapdich @iy epeute fetietdronp 515 ge(5=65) thidegldr ahe pesopasgage
(63) is connected to both ends of the c valve (CV) in the second gas

passage (6gdtodNGpdhftdn p@ﬂpméﬁ&gevéﬁéé avmpvn ded Wddond dridie) PBE)
heater (6a) and a check valve (CV) and a refrlgerant (hot gas) discharged

fromthe 105 ¢apprasees €31knt! awsitiBewet MRUEbntEIR gas(RYPaaE] Asssdge
(64) is connected to both ends of the cooling expansion valve (EV21) in the

liquid pi pao&mardbemﬁaa&él qﬁ&%&%ﬁg%f( 8Ak boatHUgsr a(3heCkrytver ( CV)

and is arranged so that a refrigerant bypasses the cooling 15

expansipn 4! BehENELLrAUIINGHNG Rl O5id o OBREALLRBNA DBl caidyf e1of the

present inventton, the receiver I ncludes a container (3a), a first
P20 ) s saeT e gy () chacfaemtiade o
connected to thg i, dgRiPed8lhgWeheh dek @ sitiayl dddra@ion, a liquid
refrigerant flows into the-receiver {34) from the second pipe
(3¢) while a refrigerant flows out it from the first pipe
10 (3b). At the time, since the first pipe (3b) and the second
pipe (3c) are turned downward, the liquid refrigerant is easy
to flow.
As another feature of the present invention, the
pressure reduction passage (65) is connected to both ends of
15 the check valve (CV) in the liquid pipe (61) and includes a
shut-off valve (SVDL). The shut-off valve (SVDL) is set to
have a slightly smaller diameter than that of the pressure
reduction passage (65) and opens during the defrosting
operation. Further, the shut-off valve (SVDL) is arranged so
20 that flow resistance of the refrigerant becomes large during
the defrosting operation.
An upper portion of the receiver (34) is connected with
one end of a degassing passage (66). The degassing passage
(66) includes a shut-off valve (SVGL) and a capillary tube
25 (CP). Further, the other end of the degassing passage (66} is

connected to a location on the second gas pipe (62) upstream

of the accumulator (35).



One end of the first pipe (3b) comunicates with the refrigerant heat
exchanger (11). The first pipe (3b) 1is introduced to the inside of the
contai ner (3a) and bends downward fromthe m d-portion of the container
(3a). Further, 25 an opening end as thE other end of the first pipe (3b)
Is located at an inside | ower position ? t he container (3a). One end of
the second pipe (3c) conmunicates with the 18 evaporating heat transfer

pi pi ng (5a) threwghithesnahignpaEHfe ofEr)atfatk laxians i Oncawl MeafF\VRIYe The
second pipe (3c) is introduced to the inside of the container (3a) and

bends downyep§ fipntbhgedt&d PBetiveBnoftidieot Dntsipaatatio3a) (3FUr el , tie an
opening end as the other end of the second pipe (3c) is |located at an

i nsi de Iomgﬁcgggﬁtggmbcgftﬁﬁé(ayﬁﬁyéygbr(QQh?,Accordingly, during the
defrosting operation, a liquid refrigerant flows into the receiver (34)

fromthe secondqpieperir3®) §dd | Biper Q%bi?_g%rﬁnﬁhé | @95cRAtgét shaemMdhechd r st
pipe 10 (3b). At the tinme, since the first pipe (3b) and the second pipe

(3c) arg turpgdedovpversy) the | HauLdqesf el ant hsgBap¥ekublOVsedSor
anot her feature of the present Tnvention, the pressure reduction passage

(65) .is conpgppd g DOl dGRy Of tha ek VaEve o C\'ﬂiéﬂ—ﬁf@séﬁﬁéﬂ d
pi pe (61) and includes a shut-off valve (SVDL). The shut-off valve (SVDL)
I's set 10 Payp; eShhOhihy &M §RIpFl MBLE shi¥eh t s D £d1e ALGRHN Fhg
an OFF signal when the pressure of the high-pressure
refrigerant excessively rises up to a predetermined high-
10 pressure value. The second gas pipe (62) on the suction side
of the compressor (31) is provided with a low-pressure sensor
(PSL2) for sensing the pressure of a low-pressure refrigerant.
The second low temperature side refrigerating circuit
(3B) has substantially the same configuration as that of the
15 first low temperature side refrigerating circuit (3A) but
constitutes a secondary side refrigerant circuit that effects
a cooling operation alone without effecting a defrosting
operation. The second low temperature side refrigerating
circuit (3B) does not include such a four-way selector valve
20 (24) as included in the first low temperature side
refrigerating circuit (3A). Furthermore, the second low
temperature side refrigerating circuit (3B) is not provided
with é drain pan passage (63), a gas bypass passage (64) and
a pressure reduction passage (65).
25 In other words, the second low temperature side
refrigerating circuit (3B) 1is formed by connecting a

compressor (31), a condensation section of the second



reducti on passage (65) and opens during the defrosting operation. Further,
the shut-off valve (SVDL) is arranged so 20 that flow resistance of the
refrigerant beconmes |arge during the defrosting operation. An upper portion
of the receiver (34) is connected with g@e end of a degassi ng passage (66).
The degassi ng passage (66) includes a shut-off valve (SVGA) and a capillary
tube 25 (CP). Further, the other end of the degassing passage (66) is
connect ed refaiferant oheah telrehangend (das, piapeddEdvarpst3deam of cbbeing
accurul ator (35). 19 An oil backing passage (60) including a capillary
tube (CP) espensihesnteslbet (B2t hewidorseiagaheat( 82pnandrt pepsugt (8B) Si de
of the conpressor (31). The first gas pipe (60) on the discharge side of
the 5 conpaadsan (Bduniilapoavi (38} WihhtaiBi girdquressyrg Ferser RSH3ipe for
sensing the pressure of a high-pressure refrigerant and a

hi gh- pr essyee) swat Thaf H#P2)pd or610utapudt i BecandOgEsspgpal (8dpn the pressure
of the high-pressure refrigerant excessively rises up to a predeterm ned

high- 1® pressghe V@ddking hexpeeoNeh a8 1pepe(Evi)) onst he sugbépRrgide of
the conpressor (31) is provided with a | ow pressure sensor (PSL2) for

sensi ng t hgeps £85¢E CeRpasi OGN PRESSURACN &f i dfferturtN@cpeeagd oW is
tenperature side refrigerating circuit (3B) has substantially the sane
confi gurat 408p@Sed hah @het MRcond gas pipe (62) located on the outlet
side of the evaporating heat transfer piping (S5b). The second
refrigerant heat exchanger (11) is a cascade condenser and is

10  arranged to exchange heat of evaporation in the high
temperature side refrigerating circuit (20) with heat of
condensation in the second low temperature side refrigerating
circuit (3B).

The evaporating heat transfer piping (5a, 5b) of both

15 the low temperature side refrigerating circuits (3a, 3B), the
cooling expansion valve (EV21l) and the drain pan passage (63)
are disposed in the cooling unit (1C), while other components
such as the compressor (31) are disposed in the cascade unit
(1B) .

20 The evaporating heat transfer piping (5a, 5b) of both
the low temperature side refrigerating circuits (3A, 3B) each
constitute an evaporator as shown in Figure 2 but in this
embodiment they are formed unitarily into a single evaporator
(50) . Specifically, the evaporating heat transfer piping (5a,

25 5b) of each low temperature side refrigerating circuit (3a,

3B) is formed of n pipes and the evaporator (50) is

accordingly constituted by evaporating heat transfer piping



15 first low tenperature side refrigerating circuit (3A) but constitutes
a secondary side refrigerant circuit that effects a cooling operation al one
wi t hout effecting a defrosting operation. The second | ow tenperature side
refrigerating circuit (3B) does not inchrde such a four-way sel ector valve
20 (24) as included in the first ow tenperature side
refrigerating circuit (3A). Furthernore, the second | ow tenperature side
refrigerati(bg, cbbrubf ZiBR)ipess,nal.ar,oficdadanihbhoa2dr pathpan passage (63), a
gas bypass passage (64) and a pressure reduction passage (65). 25 In
other words, thetheecoadlibonwd tenperature sénsierr efh2per fdét ngen€imgui t
(3B) is forned by connecting a conpressor (31), a condensation section

of the secohd temperatlfegesfint hedduiRXchafgegefdd), iz reLepyssd (34) ,aa
cool i ng expansi on val ve (EV21), evaporating heat transfer piping (5b) and

an accunul ab8&t{38) oh Nthdli BiQETErphye a(61Y Stpsasedi REE (K8 , evapdEtt thPi pe
(61) and a second gas pipe (62). 5 The cool i ng expansi on val ve

(EV21) 5 i sh@at eRPRHhSELF EpifERGI (BYE exPahE irédl VIOwiNtemberature side
tenperature-sensing bulb is disposed in the second gas pipe (62) |ocated on

the outl et refeegefat ity eyoRaiiat | BANEan t ERASERItdY PEdibdrburel NeersgzoNnd
refrigerant heat exchanger (11) is a cascade condenser and is 10 arranged

to exchangenadpator Ofen SMAP O | Bdpd Fatde ofhitale tamyraitore gole is
refrigerating circuit (20) mﬁth_heat of
disposed on the evaporator (50).
The high temperature side refrigerating circuit (20)
10  and both the low temperature side refrigerating circuits (33,
3B) are controlled by a controller (70). The controller (70)
inputs detection signals of the high-pressure sensors (PSH1,
PSH2) and so on and outputs control signals for the
compressors (21, 31) and so on. The controller (70) 1is
15 provided with a cooling means (71) for controlling a cooling
operation and additionally a defrosting means (72).

The defrosting means (72) is arranged to effect a
defrosting operation at predetermined time intervals.
Specifically, the defrosting means (72) is arranged to shut

20 down the operation of the second low temperature side
refrigerating circuit (3B) and switch the four-way selector
valves (24) of the first low temperature side refrigerating
circuit (3A) and the high temperature side refrigerating
circuit (20) to port connections as shown in broken lines in

25 PFigures 1 and 2 thereby changing the  directions of

refrigerant circulation in these circuits to circulate the

refrigerants in the respective reverse cycles.



condensation in the second | ow tenperature side refrigerating circuit (3B).
The evaporating heat transfer piping (5a, 5b) of both 15 the | ow
tenperature side refrigerating circuits (3A, 3B), the cooling expansion

val ve (EV21) and the drain pan passage 3) are disposed in the cooling
unit (1C), while other conponents such the conpressor (31) are disposed
in the cascade unit (1B). 20 The evaporating heat transfer piping
(5a, 5b) of both the |low tenperature side refrigerating circuits (3A, 3B)
each constitute an evaporator as shown in Figure 2 but in this enbodi nent

they are fopapavidttabf! yTwototagsi NGhE€cRIQPOREE BT gd D) indpesydtieaml | yn the
evaporating heat transfer piping (5a, 25 5b) of each | ow tenperature side
refrigeratpperatisstt (3A, 3B) is formed of n pipes and the evaporator

(50) is accordingly constituted by evaporating heat transfer piping 21

(5a, 5b) of 2n Bep@%iok- eof faHEd dvdve-ddedatited Furddaitage | | Galkcade
tenperature sensor (Th21l) for sensing the tenperature of a liquid

refrigeg antoksigesposed Hfstan 0@ A @ etrﬁ%lbhqwigl Pheené£d) qeipst 118aa of
t he evaporating 5 heat transfer pi pi ng inthe first |ow tenperature

side refrigeratipRgselrcynt (EAk- vifg emoragorcg@lrgpﬁf atdy - SEnsor (dh?2)
for sensing the tenperature of the evaporator (50) is disposed on the
eVapOfatOfc&ﬁQfessor (21) in the high temperature side refrigerating
circuit (20) and the two compressors (31, 31) in both the low
temperature side refrigerating circuits (3A, 3B) are actuated
10 together. Under these conditions, in the high temperature
side refrigerating circuit (20), the four-way selector valve
(24) is operated to select its port connection shown in solid
lines in Figure 1 and the opening control of the cooling
motor-operated expansion valve (EV11l) is carried out.
15 A primary refrigerant discharged from the compressor
(21) in the high temperature side refrigerating circuit (20)
condenses into a liquid refrigerant in the condenser (22) and
then flows into the cascade unit (1B). The liquid
refrigerant is then distributed between the two branch pipes
20 (4b, 4c) and reduced in pressure in the cooling motor-
operated expansion valves (EV11). Thereafter, the liquid
refrigerant evaporates into a gas refrigerant in each of the
evaporation sections of the two refrigerant heat exchangers
(11, 11) and returns to the compressor (21). The refrigerant
25 repeats this circulation.

On the other hand, in the first low temperature side

refrigerating circuit (3A), the four-way selector valve (33)



The high tenperature side refrigerating circuit (20) 10 and both the | ow
tenperature side refrigerating circuits (3A, 3B) are controlled by a
controller (70). The controller (70) inputs detection signals of the

hi gh- pressure sensors (PSH1, PSH2) and 59_on and outputs control signals
for the conpressors (21, 31). and so on7" The controller (70) is 15
provided with a cooling neans (71) for controlling a cooling operation and

addi tional by apiafdtest i pg mRaeet(7A)s Pbetdeidrosidtignresnswi 72n i soaidanged
to effect a defrosting operation at predetermined tine intervals.

Speci fical hypekhendefgast 8Y PRANSHOF2DLF SvAlvaNEsYbL 0 shuth@Oprdsyuret he
operation of the sécond |ow tenperature side refrigerating circuit

(3B) and syilighribe Laukayey (%8)eclor cvasy@sahddknel ddlifid séxpamsion
tenperature side refrigerating circuit (3A) and the high tenperature side

refrigerat bgﬂx{gi gﬁgbg(Eg%c&ﬂtpme&ogge%i@H@ @tggl)éﬂ%@tir{g bagkese ] ines in

25 Figures ereby changing the rections of refrigerant

ci 1 cul a1 0py}n JLESA GIcKCUidipeREC W Rl S IRIHGRIAN Sr o ¢ hess)

respective reverse cy - Behavi or of Two-stage cascade

Cob oo B SYEHR B REA ceSR cHry PecReueL e e
described.sﬁgé§£ea£§n&aaéégégl out a cooling operation, the

In both the low temperature side refrigerating circuits

{343, 3B), secondary refrigerants discharged from the

10 compressors (31, 31) condense into liquid refrigerants in the
condensation sections of the refrigerant heat exchangers (11,

11), respectively. These liquid refrigerants are reduced in

pressure in the cooling expansion valves (EV21l). Thereafter,

the liquid refrigerants evaporate into gas refrigerants in

15 the two evaporating heat transfer piping sets (5a, 5b},
respectively, and return to the compressors (31, 31). The

refrigerants repeat such circulation.

Further, in each of the refrigerant heat exchangers (11,

11), heat of evaporation in the high temperature side

20 refrigerating circuit (20) 1is exchanged with heat of
condensation in each of the low  temperature side
refrigerating circuits (3A, 3B) so that the secondary
refrigerants in the low temperature side refrigerating

circuits (3A, 3B) are cooled to condense. On the other hand,

25 in the evaporator (50), the secondary refrigerants evaporate

to generate cooled air and the cooled air cools the inside of

a storage.



conpressor (21) in the high tenperature side refrigerating circuit (20) and
the two.conpressors (31, 31) in both the |ow tenperature side refrigerating
circuits (3A, 3B) are actuated 10 together. Under these conditions, in
the high tenperature side refrigeratingsgircuit (20), the four-way sel ector
valve (24) is operated to select its po?f connection shown .in solid |lines
in Figure 1 and the opening control of the cooling notor-operated expansion

val ve (EV11) is gl rigs-otdge l2zascade rAfriigaatatinef régetant (diojchalged
fromthe conpressor (21) in the high tenperature side refrigerating circuit

(20) condepgegsactdtg ackraytingebpbogf o . i Thidedsprslensey d@ddataish t hen
flows into the cascade unit (1B). The |liquid refrigerant is then

di stribut ed,bet wgepultheddys, beanehirli REf- i3y £4|%_hil4:§h? B ragdesedandn
pressure in the cooling notor- operated expansion valves (EV11).

Ther eaf ter ayetfe 1bi Q4 el 08y a8t revaRehat @hdriaitdon .Jathd edefHesBtigi N
each of the evaporation sections of the two refrigerant heat exchangers

(11, 115 aege£§£yéﬁ 50 dhe 1CAMRARSSN ERA tidfedbRh Rl APerdt IRPESE S

Si
this circulation. On the other hand, T1n the first |ow tenperature side

refrigeratipg GOy (A rehPerd Qs V‘@Xﬂée'ﬂ’e&tﬂbe}@k‘iﬁg( Frcuit?3(38)

operated to select its port connection shown in solid Iines in Figure 2,

the shut - OLhqvahyfa{ Ry Hlile Ofi A IIRS B Geredyelbal PRSEANLL{ER) 1h Stisd Osed
and the cooling ex%an3|on
first low temperature side refrigerating circuit (3A) and the
high temperature side refrigerating circuit (20) to the
10 respective reverse cycles.

Specifically, in the first low temperature side
refrigerating circuit (3A), the four-way selector valve (33)
is operated to select its port connection shown in the broken
lines in Figure 2, the shut-off valve (SVDL) of the pressure

15 reduction passage (65) is fully opened, and the cooling
expansion valve (EV21l) is fully closed.

The secondary refrigerant discharged from the
compressor (31) passes from the four-way selector valve (33)
through the drain pan passage (63) and heats a drain pan in

20 the drain pan heater (6a). Subsequently, the secondary
refrigerant heats the evaporator (50) while flowing through
the evaporating heat transfer piping (5a) thereby melting
frost on the evaporator (50). The secondary refrigerant
having flowed through the evaporating heat transfer piping

25 {5a) then flows through the gas bypass passage (64), passes
through the receiver (34) into the pressure reduction passage

(65) and reduces its pressure in the shut-off valve (SVDL).



valve (EV21) is controlled as to the superheating degree. In 5 the second

| ow tenperature side refrigerating circuit (3B), the cooling expansion
valve (EV21) is controlled as to the superheating degree. In both the | ow
tenperature side refrigerating circuitsy£3A  3B), secondary

refrigerants discharged from the 10 "conpressors (31, 31) condense into

liquid refrigerants in the condensation sections of the refrigerant heat

exchanger sSpbsequantly espbet i vetynddhesedfirquietdanef régasanitear enr egdused in

pressure i

with heat

n the cooling expansion valves (EV21). Thereafter, the liquid

refri ger antendenpat bte setioi gasof eflié gﬁéﬁﬁiéeirafhtlﬁleétheexémmﬁvapﬁ)at' ng
heat transfer piping sets (5a, 5b), respectively, and return to the
conpressorpa$sds Iroulhe tRETr i GRIBAES, I eReaALLEUChy £l v Ul @F)0nangurther
each of the refrigerant heat exchangers (11, 11),
the high tespenatater si(ds)20and efreitaenat i ftg tekr %ﬁpré@s@r i(31) exopgnged

of condensati on I n each of t he | ow tenperature

heat of evaporation in

in

side rdirigecanddty ofdftiidesranFArepBhtsothiat ctheuseeopdary refrigerants in
the low tenperature side refrigerating circuits (3A, 3B) are cooled to

condense.

On theagthenl8ang, a25% Féatitte VAPt OFedEN iR SRERNAS Y

refrigerants evaporate to generate cooled air and the cooled air ‘cool's the

i nsi de of
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20

25

SeSSdee. refridferant having flowed out the evaporating heat
transfer piping (5a) flows into the container (3a) of the
receiver (34) from the second pipe (3c) and flows out it from
the first pipe (3b). At the time, since the opening end of
the first pipe (3b) is located at the lower position of the
container (3a), the secondary refrigerant in liquid phase is
easy to flow out. Further, since the shut-off valve (SVDL) of
the pressure reduction passage (65) has a slightly smaller
diameter than that of the passage, it provides resistance
against refrigerant flow. As a result, the suction side
pressure of the compressor (31) can be held at a
predetermined low pressure thereby ensuring a desired
refrigerant circulating flow rate.

On the other hand, in the high temperature side
refrigerating circuit (20), the four-way selector valve (24)
is operated to select its port connection shown in the broken
lines in Figure 1 and the cooling motor-operated expansion
valve {(EV1l) is fully opened.

The primary refrigerant discharged from the compressor
(21) flows into the evaporation section of the first

refrigerant heat exchanger (11) through the four-way selector



The two-stage cascade refrigerating system (10) also effects a defrosting
operatien. This defrosting operation is carried out every 6 hours during a
chilling operation and every 12 hours during a freezing operation. The
defrosting 5 operation is carried out b ﬁshutting down t he operation of the
second | ow tenperature side refrigerating circuit (3B) and changing the
directions of refrigerant circulation in the first | ow tenperature side
refrigerat wagjvei (24)) tt4¢ A9atanthd hedurglaryemperabutransi da tRér Ffoesat 1oy
circuit (20) to the 10 respective reverse cycles. Specifically, in the

first |owtempapetater esidesi defrebergeiagi ngieduti t(3a3A) , ThBe poithaay
sel ector valve (33) is operated to select its port connection shown in the

br oken | i nesfribgé&rgnit eh@vihdef sbwidd of ir vedty et K SVBkIp®fatiiven pEasisisre db
reducti on passage (65) is fully opened, and the cooling expansion val ve

(EV21) is tHEklyitsosestriiferants eperdakyhanger (3] athen FhS6ara@etoughrom
the conpressor (31) passes fromthe four-way selector valve (33) through

the drdi n ppa passager(G3p)andvhgakstasdiai RhRAdduASdrhe a3l Nnopswedeat er
(6a). Subsequently, the secondary refrigerant heats the evaporator (50)

whil e fl owtREohHH Ot FHeravaposatddtbepd1dd apad)erand PN 4 SGUmi DS SbY

nmelting frost on the evaporator (50). The secondary refrigerant

havi ng fl oyeé) t hagaghrébereyapes ating heshptd At er (PPl Norgd (HRmd hen
flows through the gas bypass passage (64), passes through the receiver (34)

into the pressif&rdmducdddit Pansadeirbhladngnl educes its pressure in the
shut-of f val ve (SVDL).
: Particularly as a feature of the present invention, the

10 primary refrigerant having flowed out the refrigerant heat
exchanger (11) flows into the container (2a) of the receiver
(25) from the second pipe (2¢) and flows out it from the
first pipe (2b). At the time, since the opening end of the
first pipe (2b) 1is located at the upper position of the

15 container (2a), the secondary refrigerant in liquid phase is
hardly to flow out and the primary refrigerant in gas phase
mainly flows out. As a result, it can be suppressed that the
primary refrigerant in 1liquid phase flows back to the
compressor (21).

20 Further, the defrosting operation terminates when the
liquid temperature sensor (Th21) senses, for example, a
refrigerant temperature of 35 °C and the evaporator
temperature sensor (Th22) senses, for example, an evaporator
temperature of 5°C or when the high-pressure sensor (PSH2) in

25 the first low temperature side refrigefating circuit (3Aa)

senses, for example, a high-pressure refrigerant pressure of

18kg/cm®. It is to be noted that the defrosting operation



25 Subsequently, the secondary refrigerant evaporates in the condensation
section of the refrigerant heat exchanger (11), passes through the four-way
sel ector valve (33) and the accunul ator (35) and returns to the conpressor
(31). The 5 secondary refrigerant repeatsy this circulation. Particularly as
a feature of the present invention, the Secondary refrigerant having flowed
out the evaporating heat transfer piping (5a) flows into the container (3a)
of the receiler He3f)inkte® tiheasecpaanpe peifBcd Bt anwmralttiirterf.r om 10

the first pipe (3b). At the time, since the opening end of the first pipe

(3b) is located métt hmmllyoweluries t ithB OHeFhEsEDN Aiddrd{t3iin Wig: seqewdary
refrigerant in |iquid phase is easy to flow out. Further, since the

shut - of f vaduse dgSENE eéolb@gpbgéﬁat@oﬁﬁd%@i FhureeTalev{ 6 hheecs) sbirght |y
smal l er 15 dianeter than that of the passage, it provides resistance

agai nst refﬂﬂegea@@éséirmg- pASsdgéeqelel, fheestrt b@n tgidlel Pk eseipR ra®luret he
conpressor (31) can e held at a predeterm ned |ow pressure thereby

ensuring a fien et rigkrhagehgnticucvkalBRY BePWikabgendd to retuPh thle
other hand, in the high™ tenperature side refrigerating circuit (20),

the four-way #8lectofr Ml Mt 24001 & ORR' ARl FocSBIECt (BhS RY trkoONNBGL i On
shown in the broken lines in Figure 1 and the cooling notor-operated

expansi on R raEWEL) shdel bhyropssed(3 2P, The primary refrigerant
di scharged fromthe conpressor
Furthermore, during the cooling operation, when the
pressure of the high-pressure refrigerant sensed by the high-
10 pressure sensor (PSH1l) is decreased, the gas passage (43) in
the high temperature side refrigerating circuit (20) opens
the shut-off wvalve (SVGH) to feed the high-pressure
refrigerant to the receiver (25). The pressure of the high-
pressure refrigerant thereby rises.
15
-Effects of Embodiment-

As can be seen from the above, according to the present
embodiment, since the first pipe (2b) in the receiver (25) of
the high temperature side refrigerating circuit (20) is

20 arranged to be open at the inside upper position of the
container (2a), a large amount of liquid refrigerant can be
stored 1in the receiver (25). As a result, the primary
refrigerant in liquid phase during the defrosting operation
can be controlled at a suitable flow rate.

25 Specifically, when the outside air temperature is high,
the evaporation capability of the condenser (22) is increased

and in this case the first pipe (2b) mainly sucks the primary



(21) flows into the evaporation section of the first refrigerant heat
exchanger (11) through the four-way sel ector 26 valve (24) to heat the
secondary refrigerant in the first |ow tenperature side refrigerating
circuit (3A). The primary refrigerant hgying flowed through the evaporation
section of the first refrigerant heat eXxchanger (11) then passes through 5
the receiver (25), evaporates in the condenser (22), passes through the
four-way sekeetgeryatven(2ds pihdde Hootafidrat,orti{26)iqutdr eelirhgeranthe
conpressor (21). The primary refrigerant repeats this circulation.

Particul ar ljpeasnatf eabwrsadt tdecny esaiirdssyeent(an,. hbealPespitpaaywet
refrigerant having flowed out the refrigerant heat exchanger (11) flows

into the CB?E@EB@&n(%ﬁﬁ;OBetm%ﬂSXEﬂéﬁﬂL%Zﬁieﬁéﬂﬁbdhﬁhﬁﬂmwm ptpeid?ny and
flows out it fromthe first pipe (2b). At the tine, since the opening end

of the firghnphPed(2B1idsilpepted at the upper position of the 15
container (2a), the secondary refrigerant in liquid phase is hardly to flow

out andgthe pri@%&%i&ﬁh@&q?raatwb@ eperpbase aBhnby¥ prewsnoed.ewenafoesult,
it can be suppressed that he primary refrigerant in liquid phase flows

back to thg cogpsessi®fe (ddkn 29 large kHHhAE! of t hefddle@anhitngchaegedi on
term nates when the liquid tenperature sensor (Th2l) senses, for exanple, a
refrigerannheteiResat UsBa OfF Retlebpbfatiand cihe bevapeedéRted with
reliability even if reduction in evaporation capability of
the condenser (22) through fan control is insufficient.

10 Further, since the first pipe (3b) in the receiver (34)
of the first low temperature side refrigerating circuit (3a)
is arranged to be open at the inside lower position of the
container (3a), the secondary refrigerant in liquid phase is
easy to flow out. As a result, the primary réfrigerant in

15 1liquid phase during the defrosting operation can be
controlled at a suitable flow rate.

Specifically, in the first low temperature side
refrigerating circuit (3A), the amount of refrigerant charged
therein is small and the capacity of the evaporator (50) is

20 large, but the secondary refrigerant in liquid phase flowing
intp the receiver (34) returns to the compressor with
reliability. As a result, the refrigerant circulating flow
rate during the defrosting operation can be consistently
ensured thereby providing enhanced defrosting capability.

25 Particularly, since the shut-off valve (SVDL) of the
pressure reduction passage (65) is slightly smaller in

diameter than the passage, it provides resistance against



tenperature sensor (Th22) senses, for exanple, an evaporator tenperature of
S[err] C or when the high-pressure sensor (PSH2) in 25 the first |ow
tenperature side refrigerating circuit (3A) senses, for exanple, a

hi gh- pressure refrigerant pressure of kg/cnm2. It is to be noted that the
defrosting operation 27 al so term nates in accordance with a 1-hour
guard tinmer. Not only during the defrosting operation but also during the

cool i ng operfatiig@ranthef sbwit - ohii svateei {t94dd elldthe degassiogipassdge (66)
in each of the low tenperature 5 side refrigerating circuits (3A 3B) is

opened t o gridyure bE thauicdmpebssger a8l) stores rndid her reegrie®itdrddndd the
| ow tenperature side conpressor (31). Furthernore, during the cooling

oper ati on,vathe drite thic@eFuie ehet BecHh@ArPr esstilferafty Iigenarfuise pirdGeby t he
hi gh- 10 pressure sensor (PSHl) is decreased, the gas passage (43) in the

hi gh t enpeswaigdrateisdan’ ehel gefal fagast resht dL2harpans e anshiHetefrhs val ve
(SV@E) to eed the high-pressure refrigerant to the receiver (25). The

pressuge afo t hBehi @inpRIR3Ur €31 ¢f Rfi0ef apb1t BB EDYy! | 985. alore&ifect § of
Enbodi ment- As can be seen fromthe above, according to the present

enbodi MeNtdeSiMGe et ilbhaht PEPBCAZRY 1A £y IBR& ain (RP)edkls ilshentigh
tenperature side refrigerating circuit 720) is

ensured.

-Other Embodiments-

10 In the above embodiment, two low temperature side
refrigerating circuits (3A, 3B) are provided. However, the
present invention may include a single low temperature side
refrigerating circuit (3a). dn the contrary, the present
invention may include three or more first low temperature

15 side refrigerating circuits (3A, 3B, ..).

Industrial Applicability
As can be seen from the above, the two-stage cascade
refrigerating system according to the present invention is
20 useful for chillers, freezers and so on, and particularly
suitable for systems which effect a defrosting operation in a

reverse cycle.



20 arranged to be open at the inside upper position of the container (2a),

a large. amount of liquid refrigerant can be stored in the receiver (25).
the primary refrigerant in liquid phase during the defrosting

a result,
operatlon

can be controlled at a SU|tab§¢ fl ow rate.
a

Specifically, when the outside air tenp

capability of the condenser (22) is |ncreatsg(r:lealn§ |h|ng'? ‘mmm f“mmmmt
ase

pi pe (2b)

Ther ef or e,
a result,

(21). As
provi di ng

mai nly sucks the primary cE28mmefrigerant in=xgas p
the liquid refrigerant does not flow back to the conpressor

be prevent ed eyenyoistageOnda Pt WrldFra gb2h8engmeital Haknuaehant a

char ged therelnto

even if

fan contro

I's insufficient

in the gecgbMgEctBAy 9 cbitgréssst (2 tegp@éﬁ&é!:ﬁ@els' g2y efdn ggiﬁéﬁﬁﬁon

circuit (3A) 1s arranged to be open at the inside | ower p03|t|on of the

contai ner {3a)anihe %ﬁ@?ﬂﬂaéﬂdr%réﬁl%é‘ﬂtiéh ! é@él&ﬂbrpf@ﬁea . &ﬁ@f@@f&mﬁ | Owhe

out. As a result, the primary refrigerant in 15 [iquid phase during
defrosti ngheQQGre@:tdh%ﬁge‘Ean(llqe eNtalsl esh-@dr aasiHi tiabl gnhiéRWar gt fimary

10

15

20

25

refrigerant circulates énd a receiver (25) is disposed in a
ligquid 1line; and at 1least one secondary side refrigerant
circuit (3A) which is formed by connecting a compressor (31},
a condensation section of the refrigerant heat exchanger (11),
an expansion mechanism (EV21) and an evaporator (5a) in this
order and in which a secondary refrigerant circulates, a
receiver (34) is disposed in a liquid line and the primary
refrigerant exchanges heat with the secondary refrigerant in
the refrigerant heat exchanger (11), characterized in that
said at least one secondary side refrigerant circuit
(3a) and the primary side refrigerant circuit (20) are
arranged to make the direction of refrigerant circulation
reversible between a forward cycle and a reverse cycle, and
the receiver (25) of the primary side refrigerant
circuit (20) includes a container (2a), a first pipe (2b)
which communicates with the condenser (22) and is introduced
to the inside of the container (2a) and an opening end of
which is located at an- inside upper position of the container
(2a), and a second pipe (2¢) which communicates with the

refrigerant heat exchanger (11) and is introduced to the

a wet operation can be consistently prevented thereby
enhanced reliability. 5 Particularly, a wet operation can

and a wet operation can be prevented with reliability

?9%&99 'éla“evaPQEE‘idié’f‘a&@p%lihr'chtﬂt of2d hewmopHenser rozakdt hhpugh
urther, since the first pipe (3b)

As



Specifically, in the first low tenperature _side-ref+igerating
circuit, (3A), the amount of refrigerant charged thereipn.| nd the
capacity of the evaporator (50) is 20 large, but H‘“‘ mmgm“au?rl ger ant
in liquid phase flowing into the receiv (34) r L esconpressor
with reliability. As a result, the refrigerant cirEuIating flow rate during

the defrosting operation can be consistently ensured thereby providing

enhanced dehkesabi R Gapakidrtaine25 (2a) ardBrdr wparing ersi nc® whéckhis- of f
valve (SVDL) of the pressure reduction passage (65) is slightly smaller

in di amet enol-hgBat B BRSSREEde | lowd©\WdiEi IS icHt ahee cagaahatr (239.
refrigerant flow. This resistance allows the suction side pressure of the

conpressor (31) to be held at a predetermned value and therefore the
secondary refrigerant in |iquid phase evaporates in the refrigerant heat

exchanger g11)aand,J-eitdqes Sakladde RAMIRTSPing3l3yytéh rieldlaling:y. aAs a
result, a desired refrigerant circulating flow rate can be consistently

ensureds - Qhen GrhodideRtsyidrant cidduit Ne20Rbaird chenbedifaided byo
| ow tenperature” side refrigérating circuits (3A, 3B) are provided.

However, t.*&%n%fé%%ﬂ? LnkeRbi-aBsBRY (bi¢! udecanabngke (29 | eApeespahsishde
refrigerating circurt (3A). On the confrary, the present invention may
i nclude thpee,ar QR Qett it ah@WaheBRapatHE€on section of a refrigerant
heat exchanger (11) in this order and in which a primary
refrigerant circulates and a receiver (25) is disposed in a
10 liquid 1line; and at least one secondary side refrigerant
circuit (3A) which is formed by connecting a compressor (31),
a condensation section of the refrigerant heat exchanger (11),
an expansion mechanism (EV21) and an evaporator (5a) in this
order and in which a secondary refrigerant circulates, a
15 receiver (34) is disposed in a liquid line and the primary
refrigerant exchanges heat with the secondary refrigerant in
the refrigerant heat exchanger (11), characterized in that
said at least one secondary side refrigerant circuit
(33) and the primary side refrigerant circuit (20) are
20 arranged to make the direction of refrigerant circulation
reversible between a forward cycle and a reverse cycle,
the receiver (34) of the secondary side refrigerant
circuit (3A) reversible in refrigerant circulation includes a
container (3a), a first pipe (3b) which communicates with the
25 refrigerant heat exchanger (11) and is introduced to the
inside of the container (3a) and an opening end of which is

located at an inside lower position of the container (3a),



15 side refrigerating circuits (3A 3B, ...). Industrial Appl-eabidity—As
can be seen fromthe above, the two-stage cascade refrl

according to the present invention is 20 useful for Eﬁﬁﬂ @ E } QMand
so on, and particularly suitable for sygéens which eff .
operation in a reverse cycle. 30 30 AIMS 1. A two-stage cascade
refrigerating systemincluding: a primary side refrigerant circuit (20)

whi ch is fanded bycdndopheset (g adciapreessunicatrs aithntdkasevap@Patoan
expansi on nmechani sm (EV11l) and an evaporation section of a refrigerant heat
exchanger (34) knadtHiss aittdesdwied | to Whehiaspdenarfy tef regetrainterxci (Ba) at es
and a receiver (25) is disposed in a liquid line; and at | east one
secondary ghde ahefdpegaimntedd 6fr aiith(34) Wisted satommedidyi donhewéing a
conpressor (31), a condensation section of the refrigerant heat exchanger

(11), an eypapsien SECHIdi SoaddEvdl) @ad ,aanavaporator (5a) in this order
and in which a secondary refrigerant circul ates, a receiver (34) is

di sposegl in a | iaQ@irdslsiupe aaaub’e@oﬁrpgaéa{géwssfrf@@r@momaﬂg@sﬂwt
with the secondary refrigerant in the refrigerant heat exchanger (11),
characteri gedth8 tBabn8aly 2bflEastadNetSCEONKISVgIS| dler 118 r1ger e £dé CUi t
cycle of refrigerant circulation alone is provided between
the refrigerant heat exchanger (11) and the receiver (34) in
the secondary side refrigerant circuit (3A) reversible in
10 refrigerant circulation, the pressure reduction passage (65)

being provided with a shut-off valve (SVDL) smaller in

diameter than the passage.

.3. The two-stage cascade refrigerating system of claim 2,
15 characterized in that
the receiver (25) of the primary side refrigerant
circuit (20) includes a container (2a), a first pipe (2b)
which communicates with the condenser (22) and is introduced
to the inside of the container (2a) and an opening end of
20 which is located at an inside upper position of the container
(2a), and a second pipe (2¢) which communicates with the
refrigerant heat exchanger (11, 11) and is introduced to the
inside of the container (2a) and an opening end of which is
located at an inside lower position of the container (2a).
25
4. The two-stage cascade refrigerating system of claim 1 or 2,

characterized in that:



(3A) and the primary side refrigerant circuit (20) are—arranged-to-—mmake the
direction of refrigerant circulation 20 reversi bl e bet cIe
and a reverse cycle, and the receiver (25) of the pri éﬁgﬂﬁmﬁmﬁﬁhﬂqﬁ
circuit (20) includes a container (2a),c?3first pi pe (2

comuni cates with the condenser (22) and 1s introduced to the inside of the
container (2a) and an opening end of 25 which is |ocated at an inside upper
position of the goplaraeity26f, rafth gesaoonkyt pexdirtgery cf1IGomminiLxwed es
with the refrigerant heat exchanger (11) and is introduced to the i nsi de
of the contpideiddd®a) and an opening end of which is |ocated at an inside

| ower position of the container (2a). 2. A two-stage cascade refrigerating
system i ncl udi ngthe Sepapsrayishdeseetibger aBt Citheui tref2Q)gemaingh itsedtor med
by connecting a conpressor (21), a condenser (22), an expansion mechani sm
(EV11l) and afcreuapaiat(ian 1e6t kee ebnickebdl Uergataleat wxahangel dthr in
this order and in which a primary refrigerant circulates and a receiver

(25) isb5di sposesin e P imargUird £l geranfngi abul €agdoone secondary side
refrigerant circuit (3A) which is formed by connecting a conpressor (31), a

condensation secgh@nretri§eraet rhssfaekchsﬁ?e%cmamgemlﬂa)r,e HHrRAE On
mechani sm (EV21) and an evapor at or his order and in which a

secondary reft gedrant s%'cbﬁﬁh%&es51ée15ref§£§é1\/@ﬂit(%J)rduﬁl_ﬂ?!i Spﬁ;i@,d 1313)3

liquid line and the primary refrigerant exchanges heat with the secondary

refrlgerantrégpectlvely, :

at least one secondary side refrigerant circuit (3a) of

10 the plurality of secondary side refrigerant circuits (3A, 3B)

is arranged to make refrigerant circulation therein
reversible; and

the evaporators (5a, 5b) of the secondary side

refrigerant circuits (33, 3B) are formed unitarily.

15



the refrigerant heat exchanger (11), characterized in that said at |east

one secandary side refrigerant circuit (3A) and the primary side

refrigerant circuit (20) are 20 arranged to nmake the direction of

refrigerant circul ation reversible betmggp a forward cycle and a reverse
ar

cycle, the receiver (34) of the second

reversible in refrigerant circulation includes a container (3a),
pi pe (3b) which conmunicates with theg¥rracaf ri gerant heat exchanger (11)
and is introduced to the inside of the container (3a) and an opening end of
which is located at an inside | ower position of the container (3a), 32

and a second pipe (3c) which comuni cates with the evaporat or

(5

introduced to thg haghdeeRbetBeurontahiBekef3dhepRdt aRiORENENY20H

is located at an inside | ower position of the container (3a),

an

side refrigerant circuit (3A)

a first

a) and is
daely which
d>5

a pressure f#gdycticn 29eurB5)iher rakl pybprgridie di@wiiaf dhe Seceniy Yy

refrigerant therethrough during the reverse cycle of refrigerant

circul ai onal Opgyks P4 dedghebueesnihe def rigeragbrigal €4GRANGRT dnll)
and the receiver (34) in the secondary side refrigerant circuit (3A)

reversibl e ﬁé}rejn%&gé%f._r iﬂerx%gei‘%ie&cuk%éai Oly£ tPﬁel)Orh‘?L%_;%Uré‘eﬁﬁQi—'&ﬁ&Pé‘ RaAge

(65) being provi with a shut-off

ve (SVDL) snaller in dianeter than

the passagg.qR}igEiating $iageitageade inehhiageh abi B9 r3¥stemeof(28))aiRizh

communicates with a condenser (22) and an opening end of

which is inside of a container (2a) and located at an upper

10 position of the container (2a); and a second pipe (2¢) which

communicates with the refrigerant heat exchanger and an

opening end of which is inside of the container

(2a) and

located at a lower position of the container (2a). A receiver

of the first 1low temperature side refrigerating circuit

15 includes: a first ©pipe which communicates

with the

refrigerant heat exchanger and an opening end of which is

inside of a container and located at a lower position of the

container; and a second pipe which communicates with an

evaporator and an opening end of which is inside of the

20 container and located at a lower position of the container. A

pressure reduction passage for allowing the flow of a

secondary refrigerant therethrough during a reverse cycle of

refrigerant circulation alone 1is provided between the

refrigerant heat exchanger and the receiver in the first low

25 temperature side refrigerating circuit. The

pressure

reduction passage is provided with a shut-off valve smaller

in diameter than the passage.



15 characterized in that the receiver (25) of the primary side refrigerant
circuit .(20) includes a container (2a), a first pipe (2b) which

communi cates with the condenser (22) and is introduced to the inside of the
contai ner (2a) and an opening end of 20 which is |ocated at an inside
upper position of the container (2a), and a second 2’0]09 1)1 ghbeh - 3
comuni cates with the refrigerant heat eidBanger (11, 11) and is Introduced
to the inside of the container (2a) and an openi nhg end of which is | ocated
at an inside |lower position of the container (2a). 25 4. The two-stage
cascade refrigerating systemof claiml1l or 2, characterized in that: 33
a plurality of refrigerant heat exchangers (11, 11) are provided; the
evaporation sections of the refrigerant heat exchangers (11, 11) are
connected in parallel with each other 5 to formthe primary refrigerant
circuit (20); the refrigerant heat exchangers (11, 11) are connected with
the secondary side refrigerant circuits (3A, 3B), respectively; at |east
one secondary side refrigerant circuit (3A) of 10 the plurality of
secondary side refrlge[ant crrcuits (3A-3B) 1S~ ~"arrdnged to ~makel

refrigerant ci rcul at o t here

-
N
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FIG. 1




and the evaporators (5a, 5b) of the secondary side refrigerant
15

circuits (3A, 3B) are forned unitarily.

reversi bl e;
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