SPECI FI CATI ON Bl NARY REFRI GERATI NG APPARATUS 5

[ Techni cal Fi el d] This invention relates to.a binary
refrigerating apparatus, [Background Art]
WO 96721830 PCT/JP96/00055S
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10 A binary refrigerating apparatus is a conbination of t wo
types of refrigerating nmachines which carry out | ower t enperat ure
cycle and hi gher tenperature cycle respectively and is used for
reaching a | ow tenperature of m nus several ten degrees. Since such an
apparatus can be used with high 15 efficiency froma |arge conpression
ratio to a snall conpression ratio, it has an advantage of excell ent
ener gy coriepezi83bn. An exanpl e of such apparatus is di scPGEEPE6/PAYss
Japanese Patent Application Laid-Open Gazette No. 5-5567. In this
binary refrigerating apparatus, a refrigerating unit of 20 |ower
tenperature side which requires high-preci@gg?ﬁpgy;gpes for assenbly
and pi pe connection and strict quality contro
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I's factory-assenbled so as to be fornmed into single-piece
construction. The refrigerating unit is conbined with a separate-type
outdoor unit as a higher tenperature_side unit 25 which_has a sinple

structure. This results in easy on-site instal | ati on and enhanced
reliability of the apparatus. -Problemto be sol ved-
Even though the above binary refrigerating apparatus
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can save energy, however, it cannot effectively use its high

conpression rati o when an open-air tenperature is low. At the tinme,
on the contrary, it is necessary to continuously operate 5 the out door
unit. Thereby, the apparatus nay have a di sadvant age i n energy
conservati on. An object of the present invention is to attain
enhanced energy conservation in a binary refrigerating a :

10 WO 96/21830 [ D scl osure of |nvention] PCPMGBMQ
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15 tenperature side unit is only naturally circulated w thout bei ng
conpressed, this sufficiently nmakes it possible to absorb exhaust
heat_froma | ower tenperature side unif_and discharge it outside the

room Thus, Inventors have conpl eted t he present invention. 20
- Features of the Invention- Accordingly, the
present invention provides a binary refrigerating apparatus
conpri si ngvaosrsger tenperature side unit (1) in wWRCEAPOPESSer
tenperature side 25 conpressor (3), a condensation part of a cascade
condenser (4), expansion nmeans (5) and an evaporator (6) are
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sequentially connected thereby form ng a | ower tenperature
refrigeration cycle. The binary refrigerating apparatus al so

2 conprises a higher tenperature side unit (2) which has a
hi gher tenperature side conpressor (15) and a condenser (16) for
condensing refrigerant by using the air and which is connected to an

evaporation part of the cascade condenser (4) through 5 exm’ Sihob&ans
(9) so that thWORASGHY tenperature side
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conpressor (15) and the condenser (16) form a higher tenperature

refrigeration cycle. Further, the higher tenperature side unit
(2) .is disposed at a position higher_than a position where the |ower
10 tenperature side unit (1) is disposed. In addition, the binary
refrigerating apparatus further conprises an open-air t hermonetric
sensor (21) for sensing an open-air tenperature, and nat ur al

circul ati OWO9®31830 f or natural ly circul ating ref ri gcRGHPIPPOBHe hi gher
tenperature refrigeration cycle 15 when an open-air tenperature sensed by
t he open-air t hermonetric sensor (21) is below a specific

tenper at ur e A 4KidA 5 CLLE BRI B eHRE AT OLLLD & I X F AR infB DRI red
formof the present inventlon
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t he natural circulation nmeans includes a bypass passage (19) which
20 allows refrigerant to bypass the higher tenperature side

conpressor (15), a shut-off valve (20) for opening and cl osing t he
bypass passage (19), and control neans (22) for deactivating the
hi gher tenperature side conpressor (15) whi | e openi ng the shut-off
val ve (20) when an open-air 25 tenperature sensed by the open:ai

t hermonetri c sWes%R21EL]) is below the specific tenperatJFng&mmm”
In another preferred form In another preferred formof the
present invention t he 3
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natural circulation nmeans includes a bypass passag (10) which al | ows
refrigerant to bypass the expansion neans (9) in the hi gher
tenperature refrigeration cycle, a shut-off valve (11) for opening

and cl osing the bypass passage :(10), and control 5 nmeans (22) for
deactivating the higher tenperature side conpressor (15) while
openi ng the shut-off valve (11) when an open-air tenperature sensed
by the opewoasmisbdher nonetric sensor (21) is bel ow t RCTXPSSOOIUSS C

t enper at ure.
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10 - Oper ati on- Under the above-nentioned features of

t he present I nvention, when an open air tenperature is high,
the higher tenperature side eSS0 'S operated. Thereby,
refrigerant in the 15 hi gher te ;lﬂ”iu Jﬂtlt (2) is conpressed at
a high conpression ratio, rant is liquefied in
the condenser (16) even if the open air terrperast ure is hi gh.

allows the ref WOPSRIEI® from t he higher tenperature side PCT{IR9p0 §
heat - exchange, at the cascade condenser (4), with 20 refrigerant in the

| ower tenperature side unit (1). When an open-air tenperature
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tenperature side conpressor (15) is deactivated, and refrigerant in

the higher tenperature side unit (2), whose tenperature has risen
due to heat exchange at the cascade 25 condenser @4), is heat-exchanged
at The condenser (16) Wth the—a++—daue—to the | ow open-air

e T A 5 o
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tenperature side unit (1) is, the liquefied re rigerant flows into

the evaporation part of the cascade condenser (4) due to
gra . ,
refrigerant in the |lower tenperature side unit (1) thereby
evapor ating and expandi ng. The evaporat ed refrigerant rises to the
condenser (16) |ocated at the higher position agajﬁbv '55 manner,
natural ciY¥@ 8¥n (circulation by gravitation) o erant is
i mpl ement ed. In the first preferred formof the invention
when an open-air 10 tenperature is |ow, the higher tenperature side
conpr essor (15) is deactivated and the bypass passage (19) is
opened. Thereby, natural circulation is nade in such a manner t hat
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refrigerant in the higher tenperature side unit (2), whose

tenperature has risen due to heat exchange at the cascade 15 condenser
(4)_._bypasses the higher tenperature.side .o

flows into the condenser (16) Thi s avoi ds the higher tenperature
si de conpressor (15) from interfering with the flow of the
refrigerant during natural circul ation, thereby increasi

circul ati wodeh2essor at e of 20 refrigerant. l"I"i’t“’?f‘@gi'éeicond
preferrd formof the invention when an open-air tenperature is | ow,
refrigerant circulates in such a manner as to bypass the expansion
means (9) in the higher tenperature refrigeration cycle, so that

fl ow resistance of refrigerant
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25 can be decreased. This provides an advantage of being able to
secew-e”a desired circulation flow rate of refrigerant.

-Effects of Invention- 5
As nentioned so far, in the binary refrigerating appar atus accordi ng
to the present invention, a *hi gher tenperature side unit (2) is

di sposed t a position
SPECIFICATION

*

BINARY REFRIGERATING APPARATUS

5 [Technical Field]
This invention relates to a binary refrigerating

apparatus.

[Background Art]

10 A binary refrigerating apparatus is a combination of
two types of refrigerating machines which carry out lower
temperature cycle and higher temperature cycle respectively
and is used for reaching a low temperature of minus several
ten degrees. Since such an apparatus can be used with high

18 efficiency from a large compression ratico to a small
compression ratio, it has an advantage of excellent energy
conservation. An example of such apparatus is discleosed in
Japanese Patent Application Laid-Open Gazette No. 5-5567. In
this binary refrigerating apparatus, a refrigerating unit of

20 lowértemperaturesidewhidhrequireshigh-preaisetechniques
for assembly and pipe connection and strict quality control
is factory-assembled so as to be formed into single-piece
construction. The refrigerating unit is combined with a
separate~type outdoor unit as a higher temperature side unit

25 which has a simple structure. This results in easy on-site

installation and enhanced reliability of the apparatus.

-Problem to be solved-



hi gher ,than a position where a | ower tenperature side unit 5 (1) is

di sposed and an open-air thernonetric sensor (21) is provi ded for
sensing an open-air tenperature. The r €T REO%GAE+ Nds appariat us
naturally circulates refrigerant in a hi ghergdeerpes at ur e
refrigeration cycle when an open-air tE@efﬁfwe—smmrby t he

open-air thermonetric sensor (21) 10 is below a specific tenperature.
Accordingly, this BVeFefthough the ahevhibirary erqfnigeratindarramaiessor
(15) from being inefficiently operated while elimnating great
reduction i {20 Save fRBTd¥g h¥e¥eFaride cammatepf feetdvalyguse sEadhianer gy
conservation. first .pref ehr. ed formof the agpar at us. 15 In the

first pref eFPERTASSho%s TR &8RP A SPeREAAL FYpPerature is low. At the

time, on the contrary, it is necessary to continuously operate
3 the outdoor unit. Thereby, the apparatus may have a
disadvantage in energy conservation.

An object of the present invention is to attain
enhanced energy conservation in a binary refrigerating
apparatus.

10
[Disclosure of Invention]

Inventors have conducted various experiments and
investigations on the above problem and found that at the time
of a low open-air temperature, even if refrigerant in a higher

15 temperature side unit is only naturally circulated without
being compressed, this sufficiently makes it possible to
absorb exhaust heat from a lower temperature gide unit and
discharge it outside the room. Thus, Inventors have completed
the present invention.

20

-Features of the Invention-

A measure taken in claim 1 of the present invention
premises a binary refrigerating apparatus comprising a lower
temperature side unit (1) in which a lower temperature side

25 compressor (3), a condensation part of a cascade condenser
(4), expansion means (5) and an evaporator (6) are
sequentially connected thereby forming a lower temperature

refrigeration cycle. The binary refrigerating apparatus also
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naturally circulating refrigerant in a higher

enperature

t
ref.ri geration cycle includes a bypass passage (19) which al | ows

refrigerant to bypass the higher tenperature

shut -of f val ve (20) for opening and cl osing 20 Repeabspass {passage

(19), and

t enperature side conpressor (15) whi | e opening the shut-off valve

control "neans (22) for de gher

(20) when mPmpEses p higher tegpesaiiirecs sdasmd thy2}) whiekehaaia higher
thermonetric sensor (21). is below the specific tenperature.
Accor di ngl y-emRenatyrgi gitde compreshar tHAS)hiagiera tanpienser e(36)efor

conpr essor

nat ural ci
refrigeran
desired
5
10
15
20
25

(15) interferes with the flow of the refrigerant during
RGN oMg refrigemaayteby Usinehberai maod whi o iisncéhnectede of

t. Thi s .provi des an advantage of being able to secure
to an evaporation part of the cascade condenser (4) through

expansion means (9) so that the higher temperature side
compressor (15) and the condenser (16) form a higher
temperature refrigeration cycle.

Further, the higher temperature side unit (2) is
disposed at a position higher than a position where the lower
temperature side unit (1) is disposed. In addition, the binary
refrigerating apparatus further comprises an open-air
thermometric sensor (21) for sensing an open-air temperature,
and natural circulation means for naturally circulating
refrigerant in the higher temperature refrigeration cycle
when an open-air temperature sensed by the opan-air
thermometric sensor (21) is below a specific temperature.

A measure taken in claim 2 of the present invention
is so composed that in claim 1 of the present invention, the
natural circulation means includes a bypass passage (19) which
allows refrigerant to bypass the higher temperature side
compressor (15), a shut-off valve (20) for opening and closing
the bypass passage (19), and control means (22) for
deactivating the higher temperature side compressor {15)
while opening the shut-off wvalve (20) when an openh—-air
temperature sensed by the open-air thermometric sensor (21)
is below the specific temperature.

A measure taken in claim 3 of the present invention

is so composed that in claim 1 of the present invention, the

3 This Sheet Has Been Replaced
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cool i ng perfornmance. In the second
form of the apparatus, when an open-air t enperature
gerant circulates in such a nannef THIS SHEETamstEESpY pass t he
means (9) in the higher tenperatuﬁe RBPIAEEDI geraji on cyc
y, flow resistance of refrigerant can be decreased,

ural circulatijon, \
natural circulation means includes a bypass passage (10) which

allows refrigerant to bypass the expansion means (9) in the
higher temperature refrigeration cycle, a shut-off valve (11)
for opening and closing the bypass passage (10), and control
means (22) for deactivating the higher temperature side
compressor (15) while opening the shut-off valve (11) when
an open-air temperature sensed by the open-dair thermometric

sensor (21) is below the specific temperature.

-Operation-

Under the above-mentioned features of the present
invention, in the apparatus according to claim 1, when an
open-air temperature is high, the higher temperature side
compressor (15) is operated. Thereby, refrigerant in the
higher temperature side unit (2) is compressed at a high
compression ratio, so that the refrigerant is liquefied in
the condenser (16) even if the open-air temperature is high.
This allows the refrigerant from the higher temperature side
unit (2) to heat-exchange, at the cascade condenser (4), with
refrigerant in the lower temperature side unit (1).

When an open-air temperature is 1low, the higher
temperature side compressor (15) is deactivated, and
refrigerant in the higher temperature side unit (2), whose
temperature has risen due to heat exchange at the cascade
condenser (4), is heat-exchanged at the condenser (16) with
the air due to the low open-air temperature thereby liquefying.
In this case, since the higher temperature side unit (2) is

at a position higher than a position where the lower

[
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flow rate of refrigerant can be increased. This provides an

advantage of being able to secure desired cootyRGHRet AKIERRE 10
[Brief Description of Draw ngs] Fi grefacgpa reffyigerant
circuit diagramof a binary refrigeratTng appararus™siiow ng an
enbodi nent of the present I nventi on. Fig. 2is a
control flow chart. Fig. 3 is a p-i chart (pressure-enthal py
chart) in é;emperat%qﬁawler@#tdér)aw@rfchs/énauefled refrigeraptgflawss g
circulation. [ Best . Mbde for Carrying

pQJIt tC Egr} na%a% Iavaporation part of the cascade condenser (4) due
to gravitation. Then, the liquefied refrigerant is heat-
exchanged with refrigerant in the lower temperature side unit
§ (1) thereby evaporating and expanding. The evaporated
refrigerant rises to the condenser (16) located at the higher
position again. In this manner, natural circulation
{circulation by gravitation) of refrigerant is implemented.
In the apparatus according to claim 2, when an open-air
10 temperature is low, the higher temperature side compressor
{15) is deactivated and the bypass passage (19) is opened.
Thereby, natural circulation is made in such a manner that
refrigerant in the higher temperature side unit (2), whose
temperature has risen due to heat exchange at the cascade
15 condenser (4), bypasses the higher temperature side
compressor (15) and then flows into the condenser (16). This
avoids the higher temperature side compressor (15) from
interfering with the flow of the refrigerant during natural
circulation, thereby increasing a circulation flow rate of

20 refrigerant.

In the apparatus according to ¢laim 3, when an open-air
temperature is low, refrigerant circulates in such a manner
as to bypass the expansion means (%) in the higher temperature
refrigeration cycle, so that flow resistance of refrigerant

25 can be decreased. This provides an advantage of being able

to secure a desired circulation flow rate of refrigerant.

~-Effects of Invention-
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20 .
pr esent

I nvention with reference to the draw ngs.
shows a refrigerant circuit of a binary

bi nary refrigerating apparatus conpri $88 f4EEPWEs & brat ure si de

Bel ow, description is nade about an enbodi nent of the

unit (1) provided vith an 25 indoor deep fI’EEZQEyL,@}@ a ;her

t enperature side uni t“‘%?)l' di sposed .on ropftop—Fhe—h

her .
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tenperature si de 4l
position 10m h|
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unit (1)
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higher temperature side unit (2) is disposed at a position
higher than a position where a lower temperature side unit
{1} is disposed and an open-air thermometric sensor (21) is
provided for sensing an open-air temperature. The
refrigerating apparatus naturally circulates refrigerant in
a higher temperature refrigeration cycle when an open-air
temperature sensed by the open-air thermometric sensor (21)
is below a specific temperature. Accordingly, this prevents
the higher temperature side compressor (15) from being
inefficiently operated while eliminating great reduction in
cooling performance, thereby resulting in great energy
conservation.

In the apparatus according to claim 2, means for
naturally circulating refrigerant in a higher temperature
refrigeration cycle includes a bypass passage (19) which
allows refrigerant to bypass the higher temperature side
compressor (15), a shut-off valve (20) for opening and closing
the bypass passage (19), and control means (22) for
deactivating the higher temperature side compressor (15)
while opening the shut-off wvalve (20) when an open-air
temperature sensed by the open-air thermometric sensor (21)
is below the specific temperature. Accordingly, it is avoided
that the higher temperature side compressor (15) interferes
with the flow of the refrigerant during natural circulation,
thereby increasing a circulation flow rate of. refrigerant.

This provides an advantage of being able to secure desired

This Skeet Has Been Replaced
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di sposed. The | ower tenperature side unit (1) includes a |ower
tenperature side conpressor (3), a cascade condenser (4), a

t her no- sensi ng expansi on val ve (5) as a | ower *ggl “Irl.HAPS éﬂp 5

expansi on neans, and an evaporator (6) provide |n§ freezer
(7). The evaporator'(6) is provided with an i fmmm .a.‘. (8). The
| ower tenperatur-e si de ressor (3), a condensation part of the

cascade corfiRHSET @§TE ? NCe. therno-sensi ng expansi on val ve (5) and the

evaporator (6) arey, yyq apparatus according to claim 3, when an open-air

temperature is low, refrigerant circulates in such a manner
as to bypass the expansion means (9) in the higher temperature
5 refrigeration cycle. Accordingly, flow resistance of
refrigerant can be decreased, so that a natural circulation
flow rate of refrigerant can be increased. This provides an

advantage of being able to secure desired cooling performance.

10 [Brief Description of Drawings]

Fig. 1 is a refrigerant circuit diagram of a binary
refrigerating apparatus showing an embodiment of the present
invention,

Fig. 2 is a control flow chart.

15 Fig. 3 is a p-i chart (préssure-enthalpy ¢hart) in a
binary refrigeration cycle.

Fig. 4 is a p~i chart in natural circulation.

[Best Mode for Carrying Out the Invention]
20 Below, description is made about an embodiment of the
présent invention with reference to the drawings.

Fig. 1 shows a refrigerant circuit of a binary
refrigerating apparatus. The binary refrigerating apparatus
comprises a lower temperature side unit (1) provided with an

25 indoor deep freezer, and a higher temperature side unit (2)
disposed on a rooftop. The higher temperature side unit (2)
of the present embodiment is disposed at a position 10m higher

than a position where the lower temperature side unit (1) is
/
7 Sheet Has Been Replaced
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10 sequentially connected to forma | ower tenperature refrigeration

cycl-e. On an inlet port side of an evaporation part of the
cascade condenser (4), connected is a therno-sensing expansi on val ve
(9) as a higher tenperature side expansion 15 neans form ng the

bel ow nenti oned hi gher tenperature refrigeration cycle, and provided
are a bypass passage (10) which allows refrigerant to bypass the
expansi on @&F@@Sﬁgg and a sol enoid shut-off valve (11) for opening and

g#thggevaporngr%%ﬁ?iéﬂp %%%e&éshﬁﬁ§§ﬁgﬁgﬁnb5r51§|H@cﬁFggar éV&%%%af:gﬁ
part of the (30a%%ire s1dORIRRY LY 1(3) 8 MBeLALYLE.SE034AYsBY! bE) (12 13)
each for
thermo-sensing expansion valve (5) as a lower temperature side
5 expansion means, and an evaporator (6) provided inside a deep
freezer (7). The evaporator (6) is provided with an in-freezer
fan (8). The lower temperature side compressor (3), a
condensation part of the cascade condenser (4), the
thermo-sensing expansion valve (5) and the evaporator (6) are
10 sequentially connected to form a lower temperature
refrigeration cycle.

On an inlet port side of an evaporation part of the
cascade condenser (4), connected is a thermo-sensing
expansion valve (9) as a higher .temperature side expansion

15 means forming the below-mentioned higher temperature
refrigeration cycle, and provided are a bypass passage (10)
which allows refrigerant to bypass the expansion wvalve (9)
and a solenoid shut-off valve (11) for opening and closing
the bypass passage (10).

20 On a discharge port side of the evaporator (6) and on
a discharge port side of the evaporation part of the cascade
condenser (4), temperature sensing bulbs (12, 13) each for
the thermo-sensing expansion valves (5, 9) are attached
respectively.

25 For the lower temperature side unit (1), its entire
assembly including attachments of all components and
refrigerant pipe connection is made at a special factory. That

is, the lower temperature side unit (1) is factory-assembled.



t he therno-sensi ng expansi on valves (5, 9) are attached respectively.

25 -~ For the lower tenperature side unit (1), its entire

assenbly including attachnents of all conponents and refrigerant pipe
connection is nade at a-special factory. That is, the | ower
tenperature side unit (1) is factory-assenbl ed. At the site

of installation; only an installation of _the | ower .
At the site of installation, only an installation of the lower

temperature side unit (1) and a pipe connection to the
evaporation part of the cascade condenser (4) are conducted.

Next, the higher temperature side unit (2) includes

5 a higher temperature side compressor (15), a condenser (16)
for condensing refrigerant by using the air and a non-return
valve (17). The condenser (16) is provided with an outdoor
fan (18). The higher temperature side compressor (15), the
non-return valve (17), the condenser (16), the higher

10 temperature side thermo-sensing expansion valve (9) of the
lower temperature side unit (1) and the evaporation part of
the cascade condenser {4) are sequentially connected to form
a higher temperature refrigeration cycle.

The higher temperature side unit (2) further includes

15 a bypass passage (19) which allows refrigerant to bypass the
higher temperature side compressor (15) and the non-return
valve (17) and which connects the discharge port of the
evaporation part of the cascade condenser (4) to the condenser
(16) . The bypass passage (19) is provided with a solenoid

20 shut-off valve (20) for opening and closing the bypass
passage.

Further, the binary refrigerating apparatus comprises,
on a rooftop where the higher temperature side unit (2) is
disposed, an open-~air thermometric sensor (21) for sensing

25 an open-air temperature, and comprises a control means (22)
for controlling respective operations of the lower
temperature side compressor (3), the in-freezer fan (8), the

solenoid shut-off valves (11, 20), the higher temperature side



tenperature side unit (1) and a pipe connection to the evapor ati on
part- of the cascade condenser (4) are conducted. Next, the

hi gher tenperature side unit (2) includes 5 a higher tenperature side
conpressor (15), a condenser (16) for condensing refrigerant by using
the air and a non-return valve (17). The condenser (16) is provided
w th an outdoor - fan (18). The hi gher tenperature side conpressor (15),
t he nofoRRrasAcvalL?) (3 theheutdaderfan (1B3) baskd dmgiteopebfair

t enper ature_si de therno-sensing expansion valve (9) of the | ower

t enper at ur e*EFRBTRAPFE(A§NSRE li’lf\@h@v%%’t‘aﬂﬁrﬂ}ﬁ?mmﬁﬁtmi S?ﬁﬁ?% 42dade
condenser (4) are sequentially connected to form a hi gher tenperature
refrigerat |( 031 cycl g‘.‘ fetaﬂ, t el'hgoﬁi%cjﬁér PeAPEr af2fk ﬁcgbtriﬂf'iﬁt (the

further 'ncégggéctive components in the following manner shown in Fig.

9 2: the program determines, at Step S1, if an open-air
temperature is 5 °C or above; when the open-air temperature
is 5 °C or above, the pProgram proceeds to Step 82 to enter a
binary refrigeration cycle operation mode; on the other hand,

when the open-air temperature is below 5 °C, the program

10 proceeds from Step S1 to Step S3 to enter a naturally
circulating operation mode. Operational states of the
respective components in the respective operation modes are
shown in the following Table 1.

15 Table 1

31nary~ Naturally
refrigeration . .
circulating
cycle .
. operation mode
operation mode
. Compressor ON OFF
tefi;ghiide Fan ON O
anit Shut-off OFF ON
Valve
Compressor ON ON
Lower temp. Fan ON ON
side unit -
Shut-off OFF ON
Valve
Accordingly, when an open-air temperature is, for
example, 30°C, the solenocid shut-off valves (11, 20) close
the bypass passages (10, 19) so that the refrigerating
20 apparatus turns binary refrigeration cycle operation mode.

In this operation mode, if the temperature inside the deep

10



15 a bypass passage (19) which allows refrigerant to bypass the hi gher
tenmperature side conpressor (15) and the non-return ~valve (17) and
whi ch connects the discharge port of the evaporation part of the
cascade condenser (4) to'the condenser (16). The bypass passage (19)
is provided with a solenoid 20 shut-off valve (20) for opening and cl osing
t he bypass passage. Fugther, thebinary refrigerating
appar at us cbpgezersshould ba getobbt oBOWer ast skoknghor at prpechauteosi de
unit (2) is_. di sposed, an open-air thernmonetric sensor (21) for sensing
25 an open-E49- t3npkhat TeEridnnatingr pERaratusni Foferigned( 82) that anor
ntrolling respective operations of the | ower
co Qevap Fation tgmperature in the evaporator (6) is -30°C, a
temperature in the primary side of the cascade condenser (4)
5 4is 10°C, a temperature in its secondary side is 5°C and a
condensation temperature in the condenser (16) is 45°C.

Thus, in the lower temperature refrigeration cycle,
refrigerant compressed by the lower temperature side
compressor (3) liquefies at 10°C in the condensation part of

10 the primary side of the cascade condenser (4) ;, reduces in

pressure and expands at the thermo-sensing expansion valve
(5), evaporates at -30°C in the evaporator (6) to take
evaporation heat from the surrounding thereby keeping the
temperature inside the deep freezer at -20°C. The refrigerant

15 is then compressed in the lower temperature side compressor
(3) again.

' In the higher temperature refrigeration cycle,
refrigerant compressed by the higher temperature side
compressor (15) liquefies at 45°C in the condenser (16) by

20 heat exchange with the air, reduces in pressure and expands
at the thermo-sensing expansion valve (9), evaporates at 5°C
in the evaporation part of the secondary side of the cascade
condenser (4) by heat exchange with refrigerant in the lower
temperature refrigeration cycle thereby liquefying

25 refrigerant in the lower temperature refrigeration cycle. The
refrigerant in the higher temperature refrigeration cycle is
then compressed in the higher temperature side compressor (15)

again,

11



tenperature side conpressor (3), the in-freezer fan (8), the sol enoi d

shut-of f valves (11, 20), the higher tenperature side

9
open-air
In detail,

conpressor (15) and the outdoor fan (18) based on an

tenperature sensed by the open-air thernmonetric sensor (21).
the control neans (22) controls the respecti ve conponents

in the foll ow ng manner, shown i.n Fig.

10

15

20

25

Meanwhile, when an open-air temperature is, for
example, 0°C, the solenoid shut-off valves (11, 20) open the
bypass passages (10, 19) and the higher temperature side
compressor (15) is deactivated, so that the refrigerating
apparatus turns naturally circulating operation mode. In this
operation mode, as shown in Fig. 4, a temperature of the
primary side of the cascade condenser (4) is 20°C, a
temperature of its secondary side is 15°C and a condensation
temperature of the condenser (16) is 10°C.

In detail, in the higher temperature refrigeration
cycle, refrigerant bypasses the higher temperature side
compressor (15) of the higher temperature side unit (2),
liquefies at 10°C in the condenser (16) by heat exchange with
the air, flows downward t-:o the lower temperature side unit
(1) by gravitation, bypasses the thermo-sensing expansion
valve (%) and flows into the evaporation part of the secondary
side of the cascade condenser (4). In the evaporation part,
the refrigerant evaporates and expands at 15°C by heat
exchange with refrigerant in the 1lower temperature
refrigeration cycle while liquefying the refrigerant in the
lower temperature refrigeration cycle, and then rises to the
higher temperature side unit (2).

In the naturally circulating cycle, since refrigerant
bypasses the higher temperature side compressor (15), the
non-return valve (17) and the thermo-sensing expansion valve
(9), flow resistance of refrigerant can be reduced thereby
increasing a natural circulation flow rate of refrigerant.

This provides an advantage of being able to obtain a desired

12



5 2: the programdetermnes, at Step S1, if an open-air tenperature
is B [err]C or above; when the open-air tenperature is 5 [err]C or
above, the program proceeds to Step S2 to enter a bi nary refrigeration
cycl e operation node; on'the other hand, when the open-air tenperature
is below5 [err]C, the program 10 proceeds fromStep S1 to Step S3 to
enter a naturally circul ating operation nmode. Operational states of

the  rEOPdErio EISHIATA s TUF thRr ¢ exinga i the ithkdaenrf 3w dbi8hrds
SBPg\Q?yI n tgepefr%lazlﬁa,wan %pTa &Six}g thelgatural circulation,ré:[hrii%é}%qa:o%xg 1
circulatin )ation

mode %.dvantége'in condensing refrigerant irf yt(i'lxéa condenser OP]%

Suppose that the higher temperature side unit (2) has
5 5 hp, the lower temperature side unit (1) has 3 hp, an open-air
temperature is 0°C and a temperature inside the deep freezer

is -20°C. Comparison was made in energy efficiency ratio (EER)
between the above-mentioned two operation modes. The results
are as follows.

10 In the binary refrigeration cycle operation mode, the
cooling performance was 6150 kcal/h, the power draw of the
lower temperature side unit (1) was 2.64 kW, the power draw
of the higher temperature side unit (2) was 2.6 kW, and the
EER was 1.17.

15 On the other hand, in the naturally circulating
operation mode, since the circulation flow ratio of
refrigerant was reduced by the increase in compression ratio
in the lower temperature refrigeration cycle, the cooling
performance was 5550 kcal/h and the power draw of the lower

20 temperature side unit (1) was 3.24 kW larger than that in the

binary refrigeration cycle operation mode. The EER was 1.71.

[Industrial Field of Utilization]
As mentioned so far, the binary refrigerating
25 apparatus of the present invention is useful for deep freezer
used at a low temperature of minus several ten degrees, and
is suitable for attaining energy conservation without great

degradation in cooling performance.

13



oper at :on node Hi gher Conpr essor _ OFF
tema S|de F O\I IS SH HAS BEEN uni t

an
REPTHAED | Val ve
oo s llIIIIIIILtIJFIIIIIIlIIIILIIIJe it ot o e
VaI ve " Actor’di ngly when an Pen air tenperature is, for
exanple, 300[err]C, the solenoid shut "R INS) ves (11, 20) close t

bypass passages (10, 19) so that the refrigerating 20 apparatus turns
bi nary refrigeration cycle operati on node. In this operation node,

the tenperatur g igisiLe, LAer FE§8rating apparatus having: 10

10

15

20

25

a lower temperature side unit (1) in which a lower
temperature side compressor (3), a condensation part of a
cascade condenser (4), expansion means (5) and an evaporator
(6) are sequentially connected thereby forming a lower
temperature refrigeration cycle; and

a higher temperature side unit (2) which has a higher
temperature side compressor (15) and a condenser (16) for
condensing refrigerant by using the air and which is connected
to an evaporation part of the cascade condenser (4) through
expansion means (9) so that the higher temperature side
compressor (15) and the condenser (16) form a higher
temperature refrigeration cycle,

the improvement comprising:

said higher temperature side unit (2) being disposed
at a position higher than a position where said lower
temperature side unit (1) is disposed,

an open-air thermometric sensor (21) for sensing an
open-air temperature; and

natural circulation means for naturally circulating
refrigerant in the higher temperature refrigeration cycle
when an open-air temperature sensed by the open-air

thermometric sensor (21) is below a specific temperature.

2. A binary refrigerating apparatus according to claim 1,

wherein

ON
he
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freezer shoul d—be set to -20 rfC, as shown in a p-i chart of Fig. 3,
the-refrigerati [m!] ﬂﬂ m | ﬂem gned_sa that—ar~"geen vaporation
tmmaaﬂueln )|s-3["ieﬂ&‘rf‘é§£iT D tenperature in the
prinmary side of the cascade condenser (4) C, a tenperature
inits secondary side is 5[err]C and a condensatlon tenperature in the
condenser (16) i-s 45[err]C Thus, in the | ower tenperature
refrigeration cycisaid natq%ﬁ#|%k#%#&atkﬁﬁw@%%%% bpcludesdpwer tenperature
si de

a bypass passage (19) which allows refrigerant to
bypass the higher temperature side compressor (15);
a shut-off valve (20) for opening and closing the
5 bypass passage (19); and
controcl means (22) for deactivating the higher
temperature side compressor (15) while opening the shut-off
valve (20) when an open-air temperature sensed by the open-air
thermometric sensor (21) is below the specific temperature.
10
3. A binary refrigerating apparatus according to claim 1,
wherein
said natural circulation means includes:
a bypass passage (10) which allows refrigerant to
15 bypass the expansion means (9) in the higher temperature
refrigeration cycle;
a shut-off wvalve (l11l) for opening and closing the
bypass passage (10); and
control means (22) for deactivating the higher
20 temperature side compressor {(15) while opening the shut-off
valve (11) when an open—-air temperature sensed by the open-air

thermometric sensor (21) is below the specific temperature.

This Sheet Has Been Replaced

& LT

i



conpressor (3) liquefies at 10[err]C in the condensation part of 10

pri-:mary side of the cascade condenser (4), reduces in pressure a
expands at the therno-sensing expansion valve (5), evaporates at
-30[err]Cin the evaporator (6) to take evaporation heat fromth
surroundi ng t hereby keeping the tenperature inside the deep free
-20[err]C. The refrigerant 15 is then conpressed in the | ower tenpe
si de conpressor (3) again. ABSTRACT | n the higher tenperature
refrigeration cycle, refrigerant conpressed by the higher tenper

si de

conpressor (15) liquefies at 45[err]C in the condenser (16)

20 heat exchange with the air, reduces in pressure and expands_
t her mo- sensi ng exfarRigheratomPesptuge,séfs: ¥8iss €@ having a higher

10

15

temperature side compressor (15) and a condenser (16) to form
a higher temperature refrigeration cycle is disposed at a
position higher than a position where a lower temperature side
unit (1) forming a lower temperature refrigeration cycle is
disposed. The higher temperature side unit (2) is provided
with a bypass passage (19) which allows refrigerant to bypass
the higher temperature side compressor (15). A shut-off valve
(20) is disposed in the bypass passage (19). When an open-air
temperature sensed by an open-air thermometric sensor (21)
is low, the higher temperature side compressor (15) is
deactivated and the bypass passage (19) is opened, so that
refrigerant naturally circulates in the higher temperature

refrigeration cycle.
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in the evaporation part of the sec
(4) by heat exchange with refriger
refrigeration cycle t her eby

ondary side of the cascade condenser
ant in the | ower t enperat ure
liquefying 25 refrigerant in the | ower

tenperature refrigeration cycle. The refrigerant in the higher

tenperature refrigeration cycle is

t hen conpressed in the higher

tenperature side conpressor (15) again
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Nbanmthg when an open-air tenperature is, for exanple, O[err]C, the

sol*énoi'd shut-off val ves (11, 20) open the bypass passages (10, 19)
and the higher tenperature si de conpressor (15) is deactivated, so
that the refrigerating °5 apparatus turns naturally circulating operation
node. In this operation node, as shown in Fig. 4, a tenperature of the
primary side of ‘the cascade condenser (4) is 20[err]C, a t enperat ure
of its secondary side is 15[err]C and a cond iggLo t enper at ure of

t he condenser (16) is 10[err]C. 10 ﬁ ag, i n the higher
tenperature refri tion cycle refrigerant bypasses the higher

tenperature side ( COOL|NG OPERATION START )

S1
OPEN-AIR TEMP. = 5°C
SS 2 SS 3
BINARY REFRIGERAT|ON NATURALLY CIRCULATING
CYCLE OPERATION MODE OPERATION MODE

YES

( RETURN )

FIG. 3

/ OPEN-AIR TEMP. 3 0°C

IN-FREEZER TEMP. —2 0°C

FIG. 4

. 20%
15C
10C &
--------------------------- ﬁPEﬂ?M}? fEMﬁj Pc
--------------------------------- IN-FREEZER TEWP. — 2 0°C
—30C
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conpressor (15) of the hi gher terrperature side unit ( )REPM&:MEWL&*EE& at

10ferr]Cin the condenser (16) by heat exchange \(M';hb t-he g;r, Wb
downward to the | ower tenperature side unit 15 (1 dr av batg7
bypasses the thernp-sensi ng expansi on ~valve (9) ang a1|%\l\§ nto the
evaporation part of the secondary si de of the cagcdde—econdenser—{4].
In the evaporation p@#uen thoughhthe eftiavgebansryvigirs gy appanssust | 15
[err] C by heat exchange with refrigerant in the | 20

refrigeration T3 ISRVEhERETIY qIMEveF /t & ¢@1rrqig@|f§ﬁptimeureuse its| bigh

tenperature refrlﬁeratlon c¥.cle and then rises to the gher

terrper ature SI

:(%ra

since refrigergile on t}@’eggﬁéfér}} hﬁtﬂsgﬁgceLSQPﬁ At gér?ti?x!ngouscly BLERSEL

(15), the
5
No10
A
15
20
25

the outdoor unit. Thereby, the apparatus may have a
disadvantage in energy conservation.

An object of the present invention is to attain
enhanced energy conservation in a binary refrigerating

apparatus.

[Disclosure of Invention]

Inventors have conducted various experiments and
investigations on the above problem and found that at the time
of a low open-air temperature, even if refrigerant in a higher
temperature side unit is only naturally circulated without
being compressed, this sufficiently makes it possible to
absorb exhaust heat from a lower temperature side unit and
discharge it outside the room. Thus, Inventors have completed

the present invention.

-Features of the Invention-

rdingl
ﬁme% present invention

~provides,

~premiges~a binary refrigerating apparatus comprising a lower
temperature side unit (1) in which a lower temperature side
compressor (3), a condensation part of a cascade condenser
(4), expansion means (5) and an evaporator (6) are
sequentially connected thereby forming a lower temperature

refrigeration cycle. The binary ref rigerating apparatus also

£oSindi'tn'chapais FepRets Fyre tachpd Migthec! o,



25 non-return valve (17) and the therno-sensing expansi

fl.ow resi stance of ‘refrigerant can be reduced thereby Lncreasing
natural circulation flowrate of refrigerant. Thi s§ pf oyid
X PLoY'S S ey

advant age of being able to obtain a desired

12

15

20

25

cooling efficiency. Further, since the butdoor

~f.an{l
is oper atemprivees durighen hemparature side windtti 62), whihch hassa ddgher

REPRAVIEVIENT SHGQ?

8)

temperature side compressor (15) and a condenser (16) for
condensing refrigerant by using the air and which is connected
to an evaporation part of the cascade condenser (4) through

expansion means (9) so that the higher temperature side

compressor (15) and the condenser (16) form a higher

temperature refrigeration cycle.

Further, the higher temperature side unit (2) is
disposed at a position higher than a position whefe the lower
temperature side unit (1) is disposed. In addition, the binary
refrigerating apparatus further comprises an open-air
thermometric sensor (21) for sensing an open—air temperature,
and natural circulation means for naturally circulating
refrigerant in the higher temperature refrigeration cycle
when an open-air temperature sensed by the open-air

thermometric sensor (21) is below a specific temperature.

In one pr referred. form

~drempeasure~baken—i-n—elaim-@ | of the present invention

natural circulation means includes a bypass passage (19) which
allows refrigerant to bypass the higher temperature side
compressor (15), a shut-off valve (20 for opening and closing
the bypass passage (19), and control means (22) for
deactivating the higher temperature side compressor (15)
while opening the shut-off valve (20) when an open-air
temperature sensed by the open-air thermometric sensor (21)

is below the specific temperature.

In another preferred form
~A-Heasure—talten—in—alaim=adof the present invention

the




advant age in condensing refrigerant in the condenser (16). REPLACEMENT SHEET
Suppose that the higher tenperature side unit (2) has 5 = S o)

tenperature side unit (1) has 3 hp, an open-air tenperiatiur £4
a tenperature inside the deep freezer is -20[err] C np! rfson was
made in energy efficiency ratio (EER) bet ween t he abovie- went7 o7 Wo

Oned
oper ati on nodeaturakcizgplation meagsdnaludas yRypasspassagq (1q) whighpy nyry

coal /e the. pBhLewE At rsderaat B Byrags the,sEPRraranoR e OF) Che 2. 64
kW the power%géﬁ% SteTpﬁggtﬁpg z@fg:li@’erta%%ﬁr@éféa, §is‘iil%tu-'3iftf \fzz])vé"@fl)?- 6 kW

and the
for opening and closing the bypass passage (10}, and control

5 means (22) for deactivating the higher temperature side
compressor (15) while opening the shut-off valve (11) when
an open-air temperature sensed by the open-air thermometric

sensor (21) is below the specific temperature.

~ 10 -Operation- ‘

Under the above-mentioned features of the present
invention,~in=the—appraratuvs—according-go—cleaim-l, when an
open-air temperature is high, the higher temperature side
compressor (15) is operated. Thereby, refrigerant in the

15 higher temperature side unit (2) is compressed at a high
compression ratio, so that the refrigerant is liquefied in
the condenser (16) even if the open-air temperature is high.
This allows the refrigerant from the higher temperature side
unit (2) to heat-exchange, at the cascade condenser (4), with

20 refrigerant in the lower temperature side unit (1).

When an open-air temperature is low, the higher
temperature side compressor (15) is deactivated, and
refrigerant in the higher temperature side unit (2), whose
temperature has risen due to heat exchange at the cascade

25 condenser (4), is heat-exchanged at the condenser (16) with
the air due to the low open-air temperature thereby liquefying.
In this case, since the higher temperature side unit (2) is

at a position higher than a position where the lower



st o i Y

I
15 . On the other hand, in the naturally C|rculatlﬁﬂPLAGﬁWﬁaﬁéﬁﬁgﬁgr
nmode, since the circulation flom/ratlo of refrigerian

the increase in conpression ratio in the | ower tenpe ahtge;ﬁ? “19%?
refrigeration cycle; the cooling perfornance was 5p59 Kcal/h and tihe
power draw of . the |ower 20 te ure e uni t ar ger
than that in Fﬁ’éperat“’ﬁ?ﬁd'td?'t‘ T‘l(gér’a‘f‘l fo‘%é#ﬁ? BhIRBART THONSEER |

was 1.71. ? the %va%oratiérpg) e @ tﬁbeégigédékéc;ﬂ&@rﬂégﬂ' ([4}% due

As' menti oned so nary r |gera I ng apparatus o e present
invention is uaegaﬂavi%tﬂsﬁp &ﬁeﬁze'the 11q[U§Q§eét rafr9¥er8ABEH Al Wl tof

m nus several ten degrees, and Is suitable for attaining energy
conservati on ekthehgegndaih refrigerant in the lower temperature side unit
5 (1) thereby evaporating and expanding. The evaporated
refrigerant rises to the condenser (16) located at the higher -

position again. In this manner, natural circulation

(eirculation by gravitation)} of refr:.gerant is implemented.

i e_invention
mmm when an open-—alr

% 10 temperature is low, the higher temperature side compressor
{15) is deactivated and the bypass passage (19) is opened.
Thereby, natural circulation is made in.such a manner that
refrigerant in the higher temperature side unit (2), whose
temperature has risen due to heat exchange at the cascade

15 condenser (4), bypasses the higher temperature side
compressor (15) and then flows into the condenser (16). This
avoids the higher temperature side compressor (15) from
interfering with the flow of the refrigerant during natural
circulation, thereby increasing a circulation fliow rate of

20 refrigerant. l

ed form of the invention
In th_eﬁ%%wm when an open-air

temperature is low, refrigerant circulates in such a manner

as to bypass the expansion means (9) in the higher temperature
refrigeration cycle, so that flow resistance of refrigerant
25 can be decreased. This provides an advantage of being able

to secure a desired circulation flow rate of refrigerant.

-Effects of Invention-



degradation in cooling perfornmnce. 13
CLAI V5 1. A binary refrigerating apparatus having: a | ower

tenperature side unit in which alower 5 tmmaauuemﬁ“”““ﬁﬁﬁgﬁgf
condensation part of a ﬁgﬁﬁﬁﬁk - SH

As mentioned so far, in the binary Jl'e ripﬂratﬁm@g?

apparatus according to=eisém-i—ef. the present!inventien;—a—-I

higher temperature side unit (2) is disposed at a position . i
higher than a position where a lower temperature side unit
5 (1) is disposed and an open-air thermometric sensor (21) is
provided for sensing an open-air temperature. The"
refrigerating apparatus naturally circulates refrigerant in
a higher temperature refrigeration cycle when an open-air
temperature sensed by the open-air thermometric sensor (21)
~ 10 is below a specific temperature. Accordingly, this prevents
the higher temperature side compressor (15) from being
inefficiently operated while eliminating great reduction in
cooling performance, thereby resulting in great energy

conservation. E. : E !!!§§ EE!EE Ei EQE QEQEEEE!!é

15 In the}w means for

naturally circulating refrigerant in a higher temperature
refrigeration cycle includes a bypass passage (19) which
allows refrigerant to bypass the higher temperature side
compressor (15), a shut-off valve (20) for opening and closing

20 the bypa.ss passage (19), and control means (22) for
. deactivating the higher temperature side compressor (15)

- while opening the shut-off valve (20) when an open-air
temperature sensed by the open-air thermometric sensor (21)

is below the specific temperature. Accordingly, it is avoided

25 that the higher temperature side compressor (15) interferes
with the flow of the refrigerant during natural circulation,
thereby increasing a circulation flow rate of refrigerant.

.This provides an advantage of being able to secure desired



cascade condenser, expansion neans and an evapor at or are sequentlally

cannéct ed thereby formng a | ower tenperature refrigeration g
a higher tenperature side unit which has a higher 10 t-n@gp@AﬁE@ﬁNﬁ | GHEE]
conpressor and a condenser for condensing refrigeranti b

and which is gggneslCHerforhfndd. evaporatlon part of t he

t hr ough expansi on negasosd.prefie e_tonihgl LBl RN,

conpressor and the cobndies > WY £& 3

cycl e, t he |nprovenent conpr|3|ng dai d hi gher
t enper at ure sitégpenatupei iy ldwspyefuigerant circulates in such -a-ma

as to bypass the expansion means (9) in the higher temperature
5 refrigeration cycle. Accordingly, flow resistance of
refrigerant can be decreased, so that a natural circulation
flow rate of refrigerant can be increased. This provides an

advantage of being able to secure desired cooling performance.

10 [Brief Description of Drawings]
~ Fig. 1 is a refrigerant circuit diagram of a binary
refrigerating apparatus showing an embodiment of the present
invention.
Fig. 2 is a control flow chart.
15 Fig. 3 is a p-i chart (préssure—enthalpy chart) in a
binary refrigeration cycle.

Fig. 4 is a p-i chart in natural circulation.

[Best Mode for Carrying Out the Invention]
20 Below, description is made about an embodiment of the
.Present invention with reference to the drawings.

Fig. 1 shows a refrigerant circuit of a binary
refrigerating apparatus. The binary refrigerating apparatus
comprises a l_ower temperature side unit (1) provided with an

25 indoor deep freezer, and a higher temperature side unit (2)
disposed on a rooftop. The higher temperature side unit (2)
of the present embodiment is disposed at a position 10m higher

than a position where the lower temperature side unit (1) is



at a position higher than a position where said |ower

unij i s disposed, 20 an open-air thernonetric spnse%~$e+~e
oépen-air tenperature; and nat ural circul ati oh RBEPAASENENT SHEE
naturally circul ating refrigerant in the higher tenpepature
refrigeration cycle when an open-air tenperature e?sgoggg:g)xgggh
open-air 25 thernonetric sensor is below a specific tenperature.

A binary refrigerating apparatus accord?ﬁ&“?o claim1l, e

14

]

10

15

20

25

(S

1., A binary refrigerating apparatus having:

a lower temperature side unit =3} in which a lower
temperature side compressor-—4{3)., a condensation part of a
cascade condenser {4}, expansion means -{&} and an evaporator
{63} are sequentially connected thereby forming a lower
temperature refrigeration cycle; and

a higher temperature side unit—{2} which has a higher
temperature side compressor -(+B)} and a condenser 16} for
condensing refrigerant by using the air and which is connected
to an evaporation part of the cascade condenser £4) through
expansion means —{8 so that the higher temperature side
compressor —{385) and the condenser -~63-~ form a higher
temperature refrigeration cycle,

the improvement comprising:

said higher temperature side unit-{2)-being disposed
at a position higher than a position where said lower
temperature side unit I3~ is disposed,

an open-air thermometric sensor -¢2#)- for sensing an
open-air temperature; and

natural circulation means for naturally circulating
refrigerant in the higher temperature refrigeration cycle
when an open-air temperature sensed by the open-air

thermometric sensor {2k} is below a specific temperature.

2. A binary refrigerating apparatus according to claim 1,

wherein

14

A

tenperature side

an



sai-d natural circulation neans includes: a bypass passage which
al l-ews refrigerant to bypass the hi gher terrperature si de_conpressor.,

a 'shut-of f valve for opening and closing the 5 bypass pass 1%”@?\%?\?@! SﬁcET
control neans for deactivating the higher tenperature $i CONPL.eSSoF

whi | e openi ng the shut-off val ve when an open-air tenper at4ure ggg ggé)y
the open-air

said natural circulation means includes:

a bypass passage <419) which allows refrlgerant to

bypass the higher temperature side compressor «i5);
a shut-off valve —~{283 for opening and 'closing the
5 bypass passage =(38); and
control means +A22)» for deactivating the higher
temperature side compressor -t5)«while opening the shut-off
valve 4284-when an open-air temperature sensed by the open-air
thermometric sensor w2i) is below the specific temperature.
10
3. A binary refrigerating apparatus according to claim 1,
wherein
said natural circulation means includes:
a bypass passage -$303 which allows refrigerant to
15 bypass the expansion means =83 in the higher temperature
refrigeration cycle;
a shut-off valve =¢+3) for opening and closing the
bypass passage =¢:8); and
control means ~-22) for deactivating the higher
20 temperature side compressor-+4+8) while opening the shut-off
valve~iI)when an open-air temperature sensed by the open-air

thermometric sensor ~¢23)- is below the specific temperature.

15

R 0 A




therrrorrefri c sensor is below the specific tenperat u@{e‘g?f i%?“’g 3. A binary

refrigerating apparatus according to claim1, wher ei B e ... Said
Nat eH-a—Ci =Gttt S LI £S5 a—bypass #AsS4gs Wy
allows refrigerant to 15 bypass the expansion neans in the h| gher?’
tenperature refrigeration Cy@!ﬁmﬁbﬂfﬁﬂﬂ!ﬂ a shut - of f val ygmd or
openi ng and cl osing the bypass éassa&? (of /, W ;‘P. means
for deactiP@Tng the higher 20. Jﬁe SIdQ CONPr essor \eMEN openi ng
the shut-off ﬁ#mn%ma_gdmﬁmmﬁﬁwﬁ
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thernonetric

val ve when an open-air tenperature sensed by the open-air

I's below the specific tenperature.
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