DESCRI PTI ON REFRI GERATI NG DEVI CE *00002* TECHNI CAL FI ELD 5 [0001] The

present invention relates to a refrigerating device and nore particularly
to a refrigerating device in which R32 (a chem cal formula CH2F2) or m xed
.refrigerant containing at |east 70 percent R32 by weight i .. mals

"alternative refrigerant to R22 (a chem cal formul a CHCLF2) ) ‘
ART [0002] In a refrigerating device or an air conditioner SRk type
that execute refrigerating cycles, generally, refrigerant dlscharged from
a conpressor is delivered to a 15 first heat exchanger, the refrigerant
condensed in the first heat exchanggisds epqeanded by expansi on neans, and

thereafter the refrigerant is delivered to a second heat exc“ﬁ“ﬁﬁ

a first communication pipe (ThigepkibeRRTINE! BEGEERt O as "’WWHWW
as necessary). Then the 20 refrigerant vaporized in the second heghygg,.
exchanger is returned to the conpr essor through a second conmuni cat] on
pipe (This will be referred to as "a gas pi.pe" as necessary). [0003] As

wel |- known, raireing c@liolalprgnvi ronmental 25 problenms on refrigerating
devi ces and ait coné?tloners of

5 [0001] The present invention relates to a refrigerating
device and more particularly to a refrigerating device in
which R32 (a chemical formula CH,F,) or nixed refrigerant
containing at least 70 percent R32 by weight is used as
alternative refrigerant to R22 (a chemical formula CHCLF,).

10
BACKGROUND ART
[0002] In a refrigerating device or an air conditioner
6f split type that execute refrigerating cycles,'generélly,
refrigerant discharged from a compressor is delivered to a
15 first heat exchanger, the refrigerant condensed in the
first heat exchanger is expanded by expansion means, and
thereafter the refrigerant is delivered to a second heat
exchanger through a first communication pipe (This will be
referred to as "a liquid pipe," as necessary). Then the
20 .refrigerant vaporized in the second heat exchénger is
returned to the compressor through a second communication
pipe (This will be referred to as "a gas pipe" as
necessary) .
[0003] As well-known, among global environmental

25 problems on refrigerating devices and air conditioners of



2-such a type are (1) ozonosphere protection, (2) energy saving, (3)
count er mreasur es agai nst gl obal warm ng (reduction of em ssion of CO2 etc),
and'(4) reuse (recycling) of resources. Especially, in ternms of 5
.ozonosphere protection anong the gl obal environnmental problens, R22
'(HFC22) which has conventionally been used is not suitable refrigerant
since R22 has a high ODP (Ozone Depletion Potential). For alternative
refrigerants to R22 having the high ozone depl etion potential, t here have
been 10 listed R410A (having a conposition of HFC32: HFC125 50:50 in

wei ght rati 07 vin o] 05|t|o HF 2 FC125 Cl34a =
23:25: 52 |H8%%?gh gg%lo)argsﬁls nE&ﬁ?fsg Fhép¥ f%%O4]E55 FoFrgHergy
savi ng, on the other h%n there is 15 a noticet at C e§;|0|ents of

per f or mance® beci T B ST BT | orfdtas st Fe % ng
t t th d of Sept t No. 190 f
ehe M st reyly%f? ‘Fﬁé&zaf)%naﬁ RS an | oact BUCO Ik, bRLedTEHOR ' the

LaM/concernlng f 20 Rational Use of Energ g Thgi refrigerant haV|ng a
| ar ge vaF o¥c %ngéunFedqﬁ§QH¥QEﬁxifro e it of eneF§ymSsaPing.

[ 0005] _Requi renents for prevention of gl obal warm have been tting

i ncr eagi ngl §2SRPFRGRRE. EéPFF&EF&PIn@mDng the Tgba énvironfental

problems, R22 (HFC22) which has conventionally been used is
not suitable refrigerant since R22 has a high ODP (Ozone
Depletion Potential). For alternative refrigerants to R22
having the high ozone depletion potential, there have been
10 listed R410A (having a composition of HFC32:HFC125 = 50:50
in weight ratio), R407C (having a composition of
HFC32:HFC125:HFC134a = 23:25:52 in weight ratio), R32
(HFC32) and the like.
[0004] As for energy saving, on the other hand, there is
15 a notice that coefficients of performance (COP) of
specified air conditioners must be improved by
approximately 4 percent by the end of September, 2004
(Notice No. 190 from the Ministry of International Trade
‘and Industry of Japan, based upon “the Law concerning the
20 Rational Use of Energy”). Thus, refrigerant having a large
COP value is required to be used from viewpoint of energy
saving.
[0005] Requirements for prevention of global warming
have been getting increasingly stringent. Refrigerating

25 devices and air conditioners are evaluated with use of an



25 devices and air conditioners are evaluated with use of an 3 index on

gl obal warmng referred to as TEW (Total - Equivalent WArm ng | npact). TEW
is represented as the total of an inpact of release of refrigerant into
.the atnosphere (a direct inpact) and energy consunption by the 5 device
(an indirect inpact) The direct inpact ingcludes GAP (G obal Warming
Potential), and the indirect inpact incltudes the inverse of COP. In order
to prevent global warm ng, accordingly, refrigerant having a small GAP
value and a large COP value has to be selected so as to decrease 10 TEW
val ue. [0006] ,As for abaqve-nenti oned GAP, GWP val ues of R407C _and

RA10A. are 1988°%ndo834@! eM3WRINE aFRiferEeqd | Pt &8s | dEger thkataboo
of R22 GAP val ye. _On the other hand, a GAP_value of R32 is 650 and is
about one-t BAFdVELeBlp NaritqedTPRCRI2, RAGFE Hhd NRPESEeNfRg P8, W

having such a small OGAP value is extrenely effective for prevention of
gl obal war nFR§21[ 09D712As iFpRcEoPRf carelradres off Re67EIsKankRi1bAtQr he
general ly equivalent to COP val ue of R22, whereas COP value 20 of R32
| ar ger t han2tResPhrrR2A ahakinastt bieera @bt ad M@ deneRIYt FORSHBPEY onadiudihecoP
values of R32 that greatly exceed COP of R22 have not been obtained in the
refrigératiﬁQViGQViges ipdiregbcumpacdlri gefhei riixget esmppch ugeclofdeRs?,
GWP (Global Warming Potential), and the indirect impact
includes the inverse of COP. In order to prevent_global
warming, accordingly, refrigerant having a small GWP wvalue
and a large COP value has to be selected so as to decrease
10 TEWI value.
[0006] As for above-mentioned GWP, GWP values of R407C
and R410A.are'1980 and 2340, respectively, and are a little
larger than 1900 of R22 GWP value. On the other hénd, a
GWP value of R32 is 650 and is about one-third of GWP
15 values of R22, R407C, and R410A; That is, R32 having such
a small GWP value is extremely effective for prevention of
global warming.
[0007] As for COP, COP values of R407C and R410A are
generally equivalent to COP wvalue of R22, whereas_COP_value
20 of R32 larger than that of R22 has not been obtained. .In
other words, actual COP values of R32 that greatly exceed
COP of R22 have not been obtained in the refrigerating
devices that execute refrigerating cycles with use of R32,

though such devices are theoretically expected to have high

25 COP values 1in view of characteristics of R32. In such a



t hough such devices are theoretically expected to have high 25 COP val ues
in view of characteristics of R32. In such-a 4 refrigerating device, on the
ot her hand, there occur phenonmena such as increase in pressure and
discharge tenperature relative to those with use of R22. In addition
‘slightly flanmabl e R32 has a problemof difficulty in 5 establishing a
consensus on safety thereof. Therefore, the industrial world has not
enpl oyed R32 as alternative refrigerant for actual products. [0008] In
roomair conditioners with refrigerating capacity between 2.2 kWcl ass and
5.0 kWclass in which e.g. .10 conventional R22 refrjgerant is used, a
di amet er of q?ékﬁﬁ?iﬁ%%ﬂ?s ¥ 1¢y 2/F a*hoWRBYy ahfRfer ehRer€haPaetEr
LOL in Fig. 2, and dianeters of gas pipe are set to 3/8" and 4/8" as
shown by r efRISHIRERNarditer AL IIRGRETDD | HLFi Bressure osphet | dbpghapeeein,
di aneters of pipes are represented 15 by nom nal dianeters on inch system
with use of FRRAIRIUre relaphikabedtiese cohbhtnoners BeEh rERragdibirng
capacity between 4.5 kWclass and 14.0 kWclass in which conventional R22
refrigerant 5kl dilammadrle oR3Ri ghrd i preklemetof o d2fEicaAgY3/ 8 as
shown by reference 20 characters LO1 and LO2 in Fig. 2, and dianeters of
gas pi p% aressalishing a opmsengigs B saetliowhebgof ef eFoatefornar tbeers
2, D3 and G4 in Fig. 3. As apparent from
industrial world has not employed R32 as alternative
refrigerant for actual products.
[0008] In room air conditioners with refrigerating
capacity between 2.2 kW class and 5.0 kW class in which e.q.
10 conventional R22 refrigerant is used, a diameter of liquid
pipe is set to 2/8” as shown by a reference character LO1
in Fig. 2, and diameters of gas pipe are set to 3/8” and
4/8” as shown by reference characters GOl and G02 in Fig. 3,
respectively. Herein, diameters of pipes are represented
15 by nominal diameters on inch system with use of a symbol ”.
In packaged air conditioners with refrigerating capacity
between 4.5 kW «class and 14.0 kW <class in which
conventional R22 refrigerant is used, diameters of liquid
pipe are set to 2/8” and 3/8” as shown by reference
20 characters LOl and L02 in Fig. 2, and diameters of gas pipe
are set to 4/8”, 5/8” and 6/8” as shown by reference
characters GO02, GO03 and GO4 in Fig. 3. As apparent from
the above figures, diameters of liquid pipe and gas pipe

tend to be set larger with increase in refrigerating

25 capacity. This is because the flow rate i.e. velocity of



t he above figures, dianeters of liquid pipe and gas pipe tend to be set

| arger with increase in refrigerating 25 capacity. This is because the flow
rate i.e. velocity of 5 refrigerant increases and thereby pressure |oss
dincreases in a pipe having a sane dianeter. [0009] The larger a dianeter
‘of a pipe is, however, the nore extensive and the nore difficult piping
work such as 5 connection of and work on"the pipe is. On the other hand, a
| ar ge number of types of pipe cause a problem of bothersone production
control of air conditioners. The sane goes for devices in which R410A,

07C he like | d fri in pl f_Re2. 10 DI SCLOSURE OF
[ NVENTT ON [ G014 B SELoRR2PRE B banieTIREnEFBRSIESt d oL F e Sares

T, al 15 RO i brF P S et or o to' b r educed and t he
et o R e TR £ ATBERE UL ARl Sl o b fehesd il Le
refrigerant, R32 with spall gl obal warm ng, potentjal ,(GAP). 0011]. The
| Pvent) on WSk ok EhTBaahe’ Gt TR O bbE S6 Tt haPthobh, sohatich |28
tendenci es of ,GHANGEL M £ ok 8T HhITRA' LI IGY Con M 1L TSIREE nLSs,
a large number of types of pipe cause a problem of
bothersome production control of air conditioners. The
same goes for devices in which R410A, R407C or the iike is
used as refrigerant in place of R22.
10
DISCLOSURE OF INVENTION
[0010] An object of the present invention is to provide
én eheréy—saving type refrigerating device capable. of
preventing global warming, allowing communication pipe
15 diameters to be reduced and the number of types of the
communication pipe diameters to be reduced while COP of
over COP obtained when R22 is used is provided by using, as
refrigerant, R32 with small global warming potential (GWP).
[0011] The invention was created on basis of finding by
20 the ihventor that tendencies of change in COP of
refrigerating devices with respect to quantity of
refrigerant (total quantity for filling a refrigerant
circuit) greatly differ among types of refrigerant, i.e.,
between R32 and other refrigerants such as R410A. That 1is,

25 in use of R410A for example, COP tends to increase



refrigerant (total quantity for filling a refrigerant <circuit) greatly
differ anong types of refrigerant, i.e., between R32 and ot her
refrigerants such as R410A. That is, 25 in use of R410A for exanple, COP
tends to increase 6 gradually and to seemto becone saturated with increase
in the quantity of refrigerant in a rangg shown in the drawing as shown
in Fig. 4A. In use of R32, by contrast, has its peak relative to
change in the quantity of refrigerant 5 and tends to decrease as the
quantity of refrigerant departs froma range thereof which provides the

eak. The ason obt ai ned_wi th use not .exceeded , COP
Dbt & ned w o SGLa 1 ARRAY ss?%tt%u%ﬁ??WFeEaBPrangr d&?’aﬁtﬁcﬁaﬁfé%e}e‘h n
a conparati ran fr m 10 1200 to 1300 i.h an ex e of Fi
28 T An ob B BIE AT Tttt ik A AN o R
changi ng the antit refrigerant with i S _much h| er t han
COP with usé&Sof Liﬁ’ Aglrrn Fig- opfi malthqdif |?€ %?S g?’i Ger&gestes P35 the
exanpl e of Fl . not her observable 15 fa i S that t he uantlty of
refrigerant * ]? n“?Ajh*etl‘é%a | RBRIE §° Ek}e FRgwtditYg °tfhe“iq)%%’r<g
t he case of 2 IS far snaller t han the opti nal quantlt of refrlgerant
(1300 @ in ex&RFSe &P FAGCrBAFS| n2fhetlaseudR LR 02T Akl ith FRT3AL

there is a possibility that R32 20 reduces_  conmuni cati on %rpe dlaneters or
t he nunber gpgeﬁiﬁsfrom a range thereof which provides the peak The

reason why COP obtained with use of R32 have not exceeded
COP obtained with use of R410A is that quantifies of
refrigerant have been in a comparatively high range (from
10 1200 to 1300 g in an example of Fig. 4A). An observable
fact is that the peak value of COP obtained by changing the
_quantity_of refrigerant with use of R32 is much higher than
COP with use of R410A in an optimal quantity of refrigerant
(1300 g in the example of Fig. 4A). Another observable
15 fact 1is that the quantity of refrigerant (960 g in the
example of Fig. 4A) providing the peak of COP in the case
of R32 is far smaller than the optimal quantity of
refrigerant (1300 g in the example of Fig. 4A) in the case
of R410A. Accordingly, there is a possibility that R32
20 reduces communication pipe diameters or the number of types
of the communication pipe diameters in a range where COP is
not smaller than conventional COP obtained in the case of
using R22.
[0012] The present invention provides a refrigerating

25 device for delivering refrigerant discharged from a



of the comuni cation pipe dianmeters in a range where COP is not snaller

t han conventional COP obtained in the case of wusing R22. [0012] The
present invention provides a refrigerating 25 device for delivering
refrigerant discharged froma 7 conpressor to a first heat exchanger,
"expanding the refrigerant condensed in the first heat exchanger by
expandi ng neans, thereafter delivering thé refrigerant through a first
comuni cation pipe to a second heat 5 exchanger, and returning the
refrigerant vaporized in the second heat exchanger through a second
comuni cation pipe to the conpressor, wherein R32 is used as the
refrigerant ,conpressenet eps of tfhesfti r Steadomandteatdem piexpamdinde thecond
conmuni cation pipe are set to 2/8 inch and 3/8 inch, 10 respectively, in a
refrigeratinetapserayt r apgedefis@d2 tn €hé kWir§H0oilBdatier ekohangeet hbg of
measuring refrigerating capacity (KW conplies with stipulations of
Japanese | mekandahg Straeatas d (Jh&ye&9642 (dbkisanmengoeshéorréfieigébant
entirety of this specification). [0014] In the refrigerating device, R32 is
used as refthgeugint andfihetdi asehenscatidhe pipst tommani satdbnd hepe
(l'iquid pipe) and the second conmuni cation pipe (gas pipe) are set to 2/8"
and 3/85, respetinyetry, ahtd. fdittirning the refrigerant vaporized in the

second heat exchanger through a second communication pipe
to the compressor, wherein R32 is used as the refrigerant,
and diameters of the first communication pipe and the

second communication pipe are set to 2/8 inch and 3/8 inch,

10 respectively, in a refrigerating capacity range of 2.2 to
5.6 kW.
[0013] Herein, a method of meésuring refrigerating

capacity (kW) complies with stipulations of Japanese
Industrial Standard (JIS) C9612 (the same goes for the
15 entirety of this specification).
[0014] In the refrigerating device, R32 1is used as
refrigerant and the diameters of the first communication
pipe (liquid pipe) and the second communication pipe (gas
pipe) are sét to 2/8” and 3/8”, respectively, in the
20 refrigerating capacity range of 2.2 to 5.6 kW. The
diameter of the first communication pipe is the same as
that in conventional devices, but the diameter of the
second communication pipe is reduced in comparison with the
diameters (including 4/8”) in the conventional devices

25 because the diameter of the second communication pipe is



20 refrigerating capacity range of 2.2 to 5.6 MThe dianeter of the first
communi cation.pipe is the sane as that in conventional devices, but the
di aneter of the second comunication pipe is reduced in conparison with
the dianeters (including 4/8") in the conventional devices 25 because the
‘di anmeter of the second communi cation pipegis 8 set only to 3/8". The

di aneters of the first communi cation pipe and the second comruni cation

pi pe are respectively set to one type in the refrigerating capacity range
of 2.2 to 5.6 kW Thus, the nunber of types of the dianmeters of the 5

conmmuni cat i e Piqesy it rpduced tHe COMMMRESON N tihd hedrd cdhfuSPOYENbH0Nal
devices. As a result, production control of refrigerating devices is

facilitated. |08 , tHEORs o @KU V@ riilin{ @a ©f ol dran- b opi @b ngdsép the
case of R2 E?Sobt ai ned Sbey optim zi np(::] a qu%n??%ié of refri geer ant . P%O [ 0015]

The present ddivemdi eppal 39 W&V'P&?rfgefﬁ{ﬂ@eééﬁéegt e¥hagel Yr del3 vesing
refrigerant discharged froma conpressor to a first heat éxchanger,

expanding the ¢ ngiri oenas! €RAAANABH ! Bfl Reds S haal %h ! the

expandi ng neans, thereafter delivering the refrlgerant

Com“”"§at'Q%ﬂﬂdHﬁéé£fbﬁ Pﬁgshggtgﬁﬁggggx ange aEEEUﬁnMTQﬂrEhat in

refrigerant vaporized in secon rough a second

conmuni cat i %@'@@nvé&tf&@afoag{rféégr wherei 32 | S MR8k BFort "Eontrol

refrigerant,
of refrigerating devices is facilitated. Besides, COP

equivalent to or larger than COP obtained in the case of
R22 is obtained by optimizing a quantity of refrigerant.

10 [0015] The present invention also provides a
refrigerating device for delivering refrigerant discharged
from a compressor.to a first heat exchanger, expanding the
refrigerant condenSed. in 'the first heat exchanger by
expanding means, thereafter delivering the refrigerant

15 through a first communication pipe to a second heat
exchanger, and returning the refrigerant vaporized in the
second heat exchanger through a second communication pipe
to the compressor, wherein R32 is used as the refrigerant,
and diameters of the first communication pipe and the

20 second communication pipe aré set to 2/8 inch and 4/8 inch,
respectively, in a refrigerating capacity range of 4.5 to
7.1 kW.

[0016] In this refrigerating device, R32 1is used as
refrigerant and the diameters of the first communication

25 pipe (liquid pipe) and the second communication pipe (gas



and diameters of the first comuni cation pipe and the 20 second

conmuni cation.pipe are set to 2/8 inch and 4/8 inch, respectively, in a
refrigerating capacity range of 4.5 to 7.1 kW [0016] In this
refrigerating device, R32 is used as refrigerant and the dianeters of the
‘first communication 25 pipe (liquid pipe and the second comuni cation
pi pe (gas 9 pipe) are set to 2/8" and 4/8", respectively, in the
refrigerating capacity range of 4.5 to 7.1 kW The dianeter of the first
comuni cation pipe is reduced in conparison with the dianmeters (including

3/8") in thgipegonyeatignnal wWeviboes baggusg/she diddmderivdiyhe i rehe
communi cation pipe is set only to 2/8". Besides, the dianmeter of the

second cormygkeabbPALPhRe ESphEFHGEdrhfigeCOFPArE SON Wty the gi anet A |
(including 5/8")"in the” conventional déevices because the dianmeter of the

second 10 cQipMBLERl i A RIRE F$, 3¢t Qéﬂuﬁ(uﬁfcél’é%; ucy&%enuﬂgerr@&ucéé'pﬁt of

the diameters of the conmunication pipes IS I'n conparison ‘w

hat in th atianal, . devi he g Ae 1y
that int ecsfagmgbanamﬁgvgsgxggn fpesaueed teggan@ig?abgﬁq;%éﬂe J;r{gtetlhye ot

comuni cation pipe and 't comuni ca I e respec

to onegls thﬁvEHtRBﬁafLEfcﬁé\gféééi b AP in;eh raggenRted SokO gk%el kr‘§§’::e~,t'°‘S a

result, production coniro refrigerati evices is facilitated.

Besi des, COE fflthYBLEbn! W ile! A POLLNA0EP to 2/87.  Besides, the

diameter of the second communication pipe is reduced in
comparison with the diameters (including 5/8") ‘in “the
conventional devices because the diameter of the second

10 communication pipe is set only to 4/8”. The number of
types of the diameters of the communication pipes is
reduced in comparison with that in the conventional devices
because the diameters of the firét communication pipe and
the second communication pipe are respectively set to one

15 type in the refrigerating capacity range of 4.5 to 7.1 kW.
As a result, production control of refrigerating devices is
facilitated. Besides, COP equivalent to or larger than COP
obtained in the case of R22 is obtained by optimizing a
quantity of refrigerant.

20 [00171 The present invention also provides a
refrigerating device for delivering refrigerant discharged
from a compressor to a first heat exchanger, expanding the
refrigerant condensed in the first heat exchanger by
expanding means, thereafter delivering the refrigerant

25 through a first communication pipe to a second heat



obtained in the case of R22 is obtained by optimzing a quantity of
refrigerant. 20 [0017] The present invention also provides a refrigerating
device for delivering refrigerant discharged froma conpressor to a first
.heat exchanger, expanding the refrigerant condensed in the first heat
“exchanger by expandi ng neans, thereafter delivering the refrigerant 25
through a first comunication pipe to a seond heat 10 exchanger, and
returning the refrigerant vaporized in the second heat exchanger through a
second comuni cation pipe to the conpressor, wherein R32 is used as the
refrigerant, and dianeters of the first comruni cation pipe and the 5
second comeHKicbangen, pigyel aretsening 2he inedriged a8 vawdyizedspactiheel vy,
in arefrigerating capacity range of 7.1 to 14.0 kW (0018] In this
refrigerati sgcded deatR3xchanged abronghr iagesertndndomnendcamebar pigfe t he
first conmunication 10 pipe (liquid pipe) and the second conmuni cation
pi pe (gas pikpekhar ecgtrdssdd/,8 wheank ial 832 r espesedveaky then vedferigerant,
refrigerating capacity range of 7.1 to 14.0 kW The. dianeter of the first
communi cat i andpi geamstéhe safre tdse tfHatsti nconnuahtabbah deippeesanduttHdre
di aneter of the 15 second comrunication pipe is reduced in conparison with
t he dbanet eegofidncbuciung c@t8'oh ipipiehareoreenttioona!s dehcand 5/8 inch,
respectively, in a refrigerating capacity range of 7.1 to
14.0 kW.
[0018] In this refrigerating device, R32 is used as
refrigerant and the diameters of the first communication
10 pipe (liquid pipe) and the second communication pipe (gas
pipe) are set to 2/8” and 5/8”, respectively, in the
refrigerating capacity rangé of 7.1 to 14.0 kw. The .
diameter of the first communication pipe is the same as
that in conventional devices, but the diameter of the
15 second communication pipe is reduced in comparison with the
diameters (including 6/8”) in the conventional devices
because the diameter of the second communication pipe is
set only to 5/8”. The diameters of the first communication
pipe and the second commuhication pipe are respectively set
20 to one type in the refrigerating capacity range of 7.1 to
14.0 kW, Thus, the number of types of the diameters of the
communication pipes is reduced in comparison with that in
the conventional devices. As a result, production control

of refrigerating devices is facilitated. Besides, COP

25 equivalent to or larger than COP obtained in the case of



because the dianeter of the second communication pipe is set only to 5/8".
The. di ameters of the first conmunication pipe and the second comuni cati on
pi pé are respectively set 20 to one type in the refrigerating capacity
-range of 7.1 to 14.0 kW Thus, the nunber of types of the dianeters of the
comuni cation pipes is reduced in conparison with that in the conventional
devices. As a result, production control 1ot refrigerating devices is
facilitated. Besides, COP 25 equivalent to or larger than COP obtained in
the case of 11 R22 is obtained by optim zing a quantity of refrigerant.
[0019] In one enbodi ment of the present invention, mxed refrigerant
cont ai ni ng &23 déstobt@inad &t RIAmiz g ghtauantisePhsrefie gafattgerant in
pl ace of single refrigerant of 5 R32. [0020] Principle of the invention
may be appl iEWI®t orly ane smhgdineastly igferdr wIeFBX brventoni veixed o
m xed refrigerant containing at |east 70 percent R32 by weight while
functions arefgfifiganantsigantaining mdsd ekseribapraantainz by aveidhtevis.
BRI EF. DESCRI PTI ON OF DRAW NGS [0021] Fig. 1 is a schematic configuration
of an air dwmed tavnthef gefaigeapnitngnt el presefit siingdet imefr i ja0022%f Fi g.
2 is a diagram showi ng rel ati onship between a refrigerating capacity class
and a det diRd#ter of liquid
[0020] Principle of the invention may be applied not
only to single refrigerant of R32 but extensively to mixed
refrigerant containing at least 70 percent R32 by weight
while functions and effects similar to those described

10 above are achievéd.

BRIEF.DESCRIPTION OF DRAWINGS
l[0021] Fig. 1 is a séhematic configuration of an air
conditioner for explaining the present invention;

15 [0022] Fig. 2 is a diagram showing relationship between
a refrigerating capacity class and a set diameter of liquid
pipe by comparison between a case of R32 according to the
invention and a case of R22;

[0023] Fig. 3 is a diagram showing relationship between

20 a refrigerating capacity class and a set diémeter of gas
pipe by comparison between a case of R32 according to the
invention and a case of R22;

[0024] Figs. 4A and 4B show results of measurement of a
- COP when R32 is used as a refrigerant and a COP when R410A

25 is used while the refrigerant amount (total amount filled



pi pe by conparison between a case of R32 according to the invention and a
case of R22; [[0023] Fig. 3 is a diagramshowi ng rel ationship between 20 a
refrigerating capacity class and a set dianeter of gas pipe by conparison
between a case of R32 according to the invention and a case of R22; [0024]
Figs. 4A and 4B show results of neasurengig of a COP when R32 is used as a
refrigerant and a COP when R410A 25 is used while the refrigerant anount
(total armount filled 12 in the refrigerant circuit) is changed, Fig. 4A
shows results upon a cooling operation, and Fig. 4B shows results wupon .a
heating opeiatithe anFAiE2NNEF @&irRuit)r eligt | ERshGEdPEtMESN ener Ghows
efficiency 5 and content of R32 in a m xed refrigerant of R32 and R125.

BEST MCDE F%@BBBth&OaJTcEEHEihBNEEJ&QN_iFQQZﬁhdH@‘fi%!.nh@' @Wowd results

refrigerating device of the invention will be described in detail with
reference t@pan 30npaeliggr egdeegbodhreRhgshown in the draw ngs. [0027] Fig.
1 shows a scﬁenatic configuration of an air conditioner for explaining the

invention. kpobhe airgpigondi i \ 2 184 j L eHbokS f an
out door uni{[ 20 gnd anl?ndoorlsﬁ%l?&tﬂggtﬂgegﬁ%g&ﬁg%t gialb%gylg%gggﬁ%gﬁ% by

refrigerant aﬂhpéénﬂénéngf“ﬁazwt@ﬁr gl RiRda errighihaer 8%t RS GhiCrh3ked

through the refrigerant circuit.

BEST MODE FOR CARRYING OUT THE INVENTION
[0026] Hereinbelow, a refrigerating device of the

invention will be described in detail with reference to a

10 preferred embodiment shown in the drawings.
[0027] Fig. 1 shows a schematic configuration of an air

conditioner for explaining the inventionf In the air
‘conditioner, .a refrigerant circuit is  compoééd of an
outdoor unit 20 and an indoor unit 1 that are connected to
15 each other by refrigerant pipes 41 and 42, wherein R32 as
refrigerant is circulated through the refrigerant circuit.
In the indoor unit 1, an indoor heat exchanger 2 is housed
as a second heat exchanger. In the outdoor unit 20, there
are housed a compressor 23 for compressing and discharging
-20 refrigerant (R32), a four-way valve 25 .for swifching
refrigerant passages, an outdoor heat exchanger 22 as a
first heat exchanger, a motor-operated expansion valve 26,
an accumulator 24 for gas-liquid separation of returned
refrigerant, a receiver 29 for adjusting quantity of

25 refrigerant for cooling and heating, and a microcomputer 60



In the indoor unit 1, an indoor heat exchanger 2 is housed as a second
heat exchanger. In the outdoor unit 20, there are housed a conpressor 23
for "conpressing and discharging 20 refrigerant (R32), a four-way valve 25
for switching refrigerant passages, an outdoor heat exchanger 22 as a
first heat exchanger, a notor-operated expansion valve 26, an accumnul ator
24 for gas-liquid separation of returned l|3efrigerant, a receiver 29 for
adjusting quantity of 25 refrigerant for cooling and heating, and a
m croconputer 60 13 for controlling operations of the air conditioner.
[0028] In a cooling operation in which refrigerating cycles are executed,
as shown by EoFiecrirelling mperakionys ehablye nglibveendisioneng of the
four-way valve 25, 5 refrigerant discharged fromthe conpressor 23 is
delivered tH®RGh a pIpe B1corhdnbourrenytvanvelRswhimdh arpfpég8satdngt he
out door heat exchanger 22 functioning as a condenser. The refrigerant
condensed i ncY®hkepudteoexhentedxchangbowa? by sadeild Vieiress t tm oHgd. alpi pg 36,
the notor-operated 10 expansion valve 26 that throttles a passage to expand
refrigerant,chandingt | eveal ve 275etnihg heofi r she cdinmmivet | ovapvee 23,to0
the indoor heat exchanger 2 functioning as an evaporator. Further, the
refrigebant refipbyéradti distbairgddofrbmatthex clvangeys 1 23 eiar dedivdred
t hrough the second conmuni cation pipe 41, a needl e val ve 28,
through a pipe 31, the four-way valve 25, and a pipe 33 to
the outdoor heat exchanger 22 functioning as a condenser.
The refrigerant condensed in the outdoor heat exchanger 22
is delivered through a pipe 36, the motor-operated
10 expansion valve 26 that throttles a passage to expand
refrigerant, a throttle valve 27, and the first
communication - pipe 42 to the indoor - heat exchanger 2
functioning as an evaporator. Further, the refrigerant
vapqrized in the indoor heat exchanger 2 1is returned
15 through the second communication pipe 41, a needle valve 28,
a pipe 34, the four-way valve 25, a pipe 32, the receiver
29, a pipe 37, the accumulator 24, and a pipe 35 to the
compressor 23. In a heating operation in which heat pump
cycles are executed, as shown by dashed lines in Fig. 1, by
20 switching over the four-way valve 25, refrigerant
discharged from the compressor 23 is delivered through the
pipe 31, the four-way valve 25, the pipe 34, the needle
valve 28, and the second communication pipe 41, to the

indoor heat exchanger 2 functioning as a condenser. . The

25 refrigerant condensed in the indoor heat exchanger 2 is



a pipe 34, the four-way valve 25, a pipe 32, the receiver 29, a pipe 37,

t he. accunul ator 24, and a pipe 35 to the conpressor 23. In a heating
operation in which heat punp cycles are executed, as shown by dashed |ines
in Fig. 1, by 20 switching over the four-way val ve 25, refrigerant

‘di scharged fromthe conpressor 23 is delivered through the pipe 31, the
four-way valve 25, the pipe 34, the needl &4 valve 28, and the second
comuni cation pipe 41, to the indoor heat exchanger 2 functioning as a
condenser. The 25 refrigerant condensed in the indoor heat exchanger 2 is
14 delivered to the first communi cation pipe 42, the throttle valve 27,

t he not or - optg bterrekpbdsthe farse 26mbhenigatdompipdts V¥2pethet heroptpe 36,
and the outdoor heat exchanger 22 functioning as an evaporator. Further,
the 5 refri gealdre \Zpor ithed mo tolre opetréded heapamsdoangeal? | 86 rkeinged

t hrough the pipe 33, the four-way valve 25, the pipe 32, the receiver 29,
t he pi pe 37,canel etoelyrul apen, 24theandipke piepe Imd o tthe cowpdessorh@3t
[0029] The indoor unit 1 is provided with a tenperature 10 sensor 51 for

det ecti ng arexcitrogent 80spherdtc dreinper as uae dvaoerainsh: a t eFqestainr etkensor
52 for detecting an indoor heat exchanger tenperature Tin. The outdoor

unit 2051 s ypefwigedant t hapoteppear dhurtthes emsodoos hekrtdedxrtianm@ran2 ousdoor
at nospheric tenmperature Tatm a tenperature sensor
returned through the pipe 33, the four-way valve 25, the
pipe 32, the receiver 29, the pipe 37, the accumulator 24,
and the pipe 35 to the compressor 23.
[0029] The indoor unit 1 is provided with a temperature
10 sensor 51 for detecting an indoor atmospheric temperature
Troom and a temperature sensor 52 for detecting an indoor
heat exchanger temperature Tin. The Qutdoor_unit 20 is
provided with. a .temperature sensor 53 for detecting an
outdoor atmospheric temperature Tatm, a temperature sensor
15 54 for detecting an outdoor heat exchanger temperature Tout,
a temperature sensor 55 for detecting a compressor
discharge temperature Tdis, and a temperature sensor 56 for
detecting a compressor suction temperature Tsuc. The
microcomputer 60 controls operations of the refrigerant'
20 circuit on the basis of output from thé temperature sensors
or settings by a user.
[0030] In the air conditioner, as described above, R32
is used as refrigerant. Besides, 1in a refrigerating

capacity range of 2.2 to 5.6 kW, a diameter of the first

25 communication pipe (liquid pipe) 42 is set to 2/8” as shown



15 54 for detecting an outdoor heat exchanger tenperature Tout, a
tenperature sensor 55 for detecting a conpressor discharge tenperature
Tdi s, and a tenperature sensor 56 for detecting a conpressor suction
tenmperature Tsuc. The m croconputer 60 controls operations of the
refrigerant 20 circuit on the basis of output fromthe tenperature sensors
or settings by a user. [0030] In the air ndi tioner, as described above,
R32 1is used as refrigerant. Besides, in a refrigerating capacity range of
2.2 to 5.6 kW a dianeter of the first 25 comuni cation pipe (liquid pipe)

42 is set tg 2/ 8" as shown 15 by a reference character L11 in Fig. 2, and a
di anet er of PYt fe &I HRPD neRAT2EEEBNLAL péy §dd pidre)ard asdiametgrs/d  as
shown by a reference character G| in Fig. 3. Wth this configuration, in

the refrigeth€i §§ORFTaGAPWHTAL Ism 2ips (925 BiIRGY fheldi a8bt d0 6t/ &he
first communication pipe 42 is the sane as that in conventional. devices,
but the di @Fef8PWSf Pvhe Fedferencemuimsirestiesn Gilpd 4 Fiigs PBedudddh fthis
conparison with the dianeters (including 4/8") in the conventional
devi ces. Thiconifd gpgaddoa, t Hen digerefrégeraéing sl tdonmamge avifor? # pe
41 is set only to 3/8". In addition, the dianeters of the first
communiPcat | @ Pi-e XML el dimmeteondf coheufiicati crmpupécatienepipe 42
respectively set to one type over the refrigerating capacity range of 2.2
to is the same as that in conventional devices, but the
diameter of the second communication pipe 41 is reduced in
comparison with the diameters (including 4/8”) in the
conventional devices. This is because the diameter of the
10 second communication pipe 41 is set only to 3/8”. In
addition, the diameters of the first communication pipe 42
and the second communication pipe 41 are respectively set
to one type over the refrigerating capacity range of 2.2 to
5.6 kW. Therefore, the numbers of types of the diameters
15 of the communication pipes 41 and 42 are reduced in

comparison with those (two types of liquid pipe, two types

of gas pipe, four types in total) in the conventional

devices. As a result, it 1is facilitated to perform
production control of air conditioners, room air
20 conditioners in particular. Besides, COP not smaller than

COP with use of R22 is obtained by optimizing the quantity
of refrigerant.

[0031] For example, Figs. 4A and 4B show results of
measurement of COP with use of R32 as refrigerant and COP

25 with use of R410A (having a peak value equivalent to COP



5.6 kW Therefore, the nunbers of types of the dianeters 15 of the

comruni cation-pipes 41 and 42 are reduced in conparison wth those (two
types of liquid pipe, two types of gas pipe, four types in total) in the
.conventional devices. As a result, it is facilitated to perform
production control of air conditioners, roomair 20 conditioners in
particul ar. Besides, COP not snaller thadé COP with use of R22 is obtained
by optimzing the quantity of refrigerant. [0031] For exanple, Figs. 4A
and 4B show results of neasurenment of COP with use of R32 as refrigerant
and COP 25 with use of R410A (having a peak val ue equivalent to COP 16
with use of WRRR) ugeet lofv&224t ivorth vapisattiqry of qedntieyanf refotigergmantity
for filling a refrigerant circuit) for a roomair conditioner having a
refrigeratifgotapaciuantdftys. Dor kMdlasy. &i gefdigehens tdierauds)l t Sorna
cooling operations 5 and Fig. 4B shows the results -in heating operations.
On condi ti noomnhat.rt henduanbhey bhaviefr ageedntigesasehgi napacidyge f Gam a
quantity of 840 g providing a peak of COP in heating operations to a
quantity of k868lgspr.ovirdigng 4 pedws ofh&Fesnl €90 hngoopehat oprsat@oR snot
smaller than COP with 10 use of R410A (having a peak val ue equivalent to

COP wi Bh  uardofFilg22)4Eashdrsohhal neskultdoih bealtiing apehewidd®. oOn
operati ons.

condition that the quantity of refrigerant is set in a

range from a quantity of 840 g providing a peak of COP in

heating operations to a quantity of 960 g providing a peak

of COP in cooling operations, COP not smaller than COP with

10 use of R410A (having a peak value equivalent to COP with

use of R22) can be obtained in both cooling and heating
opefatiohs._ |

[0032] In a refrigerating caﬁacify range of 4.5 to.7.1

kW, a diameter of the first communication pipe (liquid

15 pipe) 42 is set to 2/8” as shown by the reference character

L1l in Fig. 2, and a diameter of the second communication

pipe (gas pipe) 41 is set to 4/8” as shown by a reference

character Gl12 in Fig. 3. With this configuration, the

~diameter of the first communication pipe 42 is set only to

20 2/8” in the refrigerating capacity range of 4.5 to 7.1 kW,

and is therefore reduced in comparison with the diameters

(including 3/8”) in the conventional devices. Besides, the

diameter of the second communication pipe 41 is set only to

4/8" and is therefore reduced in comparison with the

25 diameters (including 5/8”) in the conventional devices.



[0032] In a refrigerating capacity range of 4.5 to 7.1 kW a dianeter of
the first. communication pipe (liquid 15 pipe) 42 is set to 2/8" as shown
by the reference character L11 in Fig. 2, and a dianeter of the second
.comuni cation pipe (gas pipe) 41 is set to 4/8" as shown by a reference
character Gl2 in Fig. 3. Wth this configyration, the dianmeter of the
first conmunication pipe 42 is set only to 20 2/8" in the refrigerating
capacity range of 4.5 to 7.1 kW and is therefore reduced in conparison
with the dianeters (including 3/8") in the conventional devices. Besides,

the, di anet ke oy b B80S CPRUURLSAN Bl R e Iy S5Lo@NY Lo L, and

is therefore reduced In conparison wth anet e i ncl udi ng ")

n the conventingalofayhqes: ibh Te dufTetar s olpLbesfiist eamupi gabion

pi pe 42 an second conmuni cat1on pi pe respectively one

(tyhe over thepl oELOSKAL! POrERRRELLY 008,01 - Dhae Tod KL TRuT. (PR,

nunbers of types o he drameters o atron prpes
o oucedhh iy CorRL! SHAMLLD, {BEoCL LR (yResLRL | aupg B e ohuohypes
(ol o Sk GELLLLELEC O e kOt MR oL SRLEEh Oy Bt son
refrigerating capaclly betvesn g 8k andaTplpkWV ¢, Bo2 88  oPBa00h 50! I er
four types in total) in the conventional devices. As a
result, it is facilitated to perform production confrol of
air conditioners, in particular, packaged air conditioners
10 having refrigerating capacity between 4.5 kW and 7.1 kW.
Besides, COP not smaller than COP with use of R22 is
_obtained by optimizing the quantity of refrigerant.-
[0033] In a refrigerafing capacity range of 7.1 to 14.0
kW, a diameter of the first communication pipe (liquid
15 pipe) 42 is set to 2/8” as shown by the reference character
L1l in Fig. 2, and a diameter of the second communication
pipe (gas pipe) 41 is set to 5/8” as shown by a reference
character Gl3 in Fig. 3. With this configuration, in the
refrigerating capacity range of 7.1 to 14.0 kW, the
20 diameter of the first communication pipe 42 is the same.as
that in conventional devices, but the diameter of the
second communication pipe 41 is reduced in comparison with
the diameters (including 6/8”) in the conventional devices.

This is because the diameter of the second communication

25 pipe 41 is set only to 5/8”. Besides, the diameters of the



obt ai ned by optim zing the quantity of refrigerant. [0033] In a
refrigerating capacity range of 7.1 to 14.0 kW a dianeter of the first
comruni cation pipe (liquid 15 pipe) 42 is set to 2/8" as shown by the
sreference character Lil in Fig. 2, and a dianmeter of the second

communi cation pipe (gas pipe) 41 is set to 5/8" as shown by a reference
character Gl3 in Fig. 3. Wth this configlBation,. in the refrigerating
capacity range of 7.1 to 14.0 kKW the 20 dianmeter of the first

comuni cation pipe 42 is the same as that in conventional devices, but the
di aneter of the second comunication pipe 41 is reduced in conparison with
t he di anet erSi{dtnctonnngi6A8ipni pidee 42n\aent | thal seewvndescommlim scatsion
because the dianmeter of the second comunication 25 pipe 41 is set only to
5/ 8". Besi dgsipd hed i aaree er sespethevaByfi set caonupingat itypepi pevel? atidet he
second comuni cation pipe 41 are-respectively set to one type over the

refrigerati noe tmippatdyin@ngep ity lrdngd 400 KWL thudd.Oh&w.nunileus, ofthéypes
of the dianeters of the communication 5 pipes 41 and 42 are reduced in

conpari son Wunbdhose f( obgpesYREE Ofthll 0di mPtPEs 100 typeScOIM@IScRE PER
three types in total) in the conventional devices. As a result, it is

facilit:mt ed gipgrerd Dr ghAr aQueideon &Qte®D| 10f canpareebdi Widkerthodd (one
particul ar, packaged air conditioners 10 having refrigerating capacity
between 7. 1 dyerrdlf 18i QukiVpipe, two types of gas pipe, three types in
total) in the conventional devices. As a result, it is
facilitated to perform production control of air
conditioners, in particular, packaged air conditioners
10 having refrigerating capacity between 7.1 kW and 14.0 XkW.
Besides, COP not smaller than COP with use of R22 is
obtained by optimizihg'thé quantity-of refrigerant;
[0034] The embodiment has been described with-reference
to the air conditioners, yet is not limited to those, as a
15 matter of course. The invention may widely be applied to
refrigerating devices that execute refrigerating cycles
with use of R32 as refrigerant.
[0035] Principle of the invention, as a matter of course,
may be applied not only to single refrigerant of R32 but
20 extensively to mixed refrigerant containing at least 70
percent R32 by weight so that similar functions and effects
are achieved. As refrigerant other than R332, fluoric _
refrigerant and natural refrigerant may be employed.

Natural refrigerant includes propane, butane, CO,, and

25 ammonia. An example of such mixed refrigerant contains 70



Besi des, COP not smaller than COP with use of R22 is obtained by
optim zing the quantity of refrigerant. [0034] The enbodi nent has been

described with reference to the air conditioners, yet is not limted to
The invention may wi dely be applied to
ﬁrating cycles wth use of R32 as

those, as a 15 matter of course.
refrigerating devices that execute refrig
refrigerant.
be applied not only to single refrigerant. of R32 but 20 extensively to

[ 0035] Principle of the invention, as a matter of course,

m xed refrigerant containing at |east 70 percent R32 by weight so that
simlar functlon$ %nd effects are achieved. As refrigerant other than R32,
a

fluoric ref¥?ge

refrigerant

such nixed ri&%rigRfan

t%%%jW%IH?éghFeﬁPﬁgéthPsm$PQN¥%ﬂﬁﬂQ@%% CORRPULAL -
i ncl udes Eropane but ane,. C02, and 25 ammni a. An exanpl e of

ipgnt 8ifns SPUCEd kel 9F HpLRTL thy WiRETyht 2AndoEd2t Bt

remai ning conponent. At the time of so-called retrofit when an ol d-type
refrlgeratlnﬁ?%%%g%%a?%nglI4Q¥fQMtI%SR3§1éée§It%&?ﬁulRﬁg Bsf r pgERERRL AV at

the tine of
refrigerant
conponent .

serV|ce for R22 machine, 5 there may be used such m xed
RIELREINE PO tot dthes, R3 Ripebyoheisghtviged fop £224 hearkibeni

[0036] As m xed refrigerant is conceivable a m xture of R32

and R123. AstieFetRaynbredseds sugsr aHmeast rExigaraiRss eeniBmeonl ehp
range of up to 70 gercent by weight is an

10

15

20

25

R32 by weight and R22 as the remaining component.

[0036] As mixed refrigerant is conceivable a mixture of

R32 and R125. As for the mixed refrigerant of R32 and R125,

an R32 content range of up to 70 percent by weight is an
azeotropic region in which composition of 1liquid and

composition of generated vapor are the same, and an R32

‘content range not smaller than 70 ©percent is a

nonaieotropic region. The characteristics of R32 appear
clearly with increase in content of R32, and the
characteristics of R32 appear further conspicuocusly in the
nonazeotropic region.

[0037] Fig. 5 shows a relationship between R32 content
in mixed refrigerant of R32 and R125 and energy efficiency.
R32 content not less than 70 percent by welght causes a
remarkable increase in energy efficiency. R32 .content
larger than the vicinity of 80 percent by weight causes
energy efficiency to exceed that of R22. That is, R32
content not 1less than 70 percent by weight makes it
possible to obtain a high COP.

[0038] In this manner, as shown in Fig. 5, single

may

he

ng



10 azeotropic region in which conposition of liquid and conposition of
gener ated.vapor are the sane, and an R32 content range not smaller than 70
pertent is nonazeotropic region. The characteristics of R32 appear «clearly
MW th increase in content of R32, and the 15 characteristics of R32 appear
further conspicuously in the nonazeotropic region. [0037] Fig. 5 shows a
rel ati onship between R32 content in nixedOrefrigerant of R32 and R125 and
energy efficiency. R32 content not |ess than 70 percent by wei ght causes a
20 remarkabl e increase in energy efficiency. R32 content |arger than the
vicinity of 80 percent by weight causes energy efficiency to exceed that

of R22. Thatrefgide3antcontfenR3Botan@smitdesh refpégeenntbycortghhinakestit
possible to obtain a high COP. 25 [0038] In this manner, as shown in Fig.

5, single 2Qeaaftri ged anpepteRB2 &3 mixed weighger ankecoio® niggnhetalleast
70 percent R32 by weight make COP generally equivalent to or |arger than

t hat provi dediiwademtentd osal 1argéri ganant-hatciprasrildRd W8 dragerdti onal
extrenely small global 5 warm ng potential (GAP) that is about one-third

t hat of comesitiigerantt efudlgesarR2BUCIRIE PR, aransk fi¥ndias samdl PhgldBdL i n

conparison wth that of -conventional refrigerant. Therefore, R32 has a
total equi valeamiinkpr poagntipact (GWEBW that is about one-third that of
conventional refrigerant such as R22, and R32 has a high
COP in comparison with that of conventional refrigerant.
Therefore, R32 has a total equivalent warming impact (TEWI)
smaller than TEWI of R22, R410A and the like (decrease rate
10 of 10 to 20 &), and thereby R32 exhibits excellent
characteristics on global warming.
[0039] | According to the refrigerating device of the
invention, as is évident frbm above descriptibn,
communication pipe diameters and the number of types
15 thereof can be reduced by using refrigerant R32 while COP
not smaller than COP obtained in the case of R22 is
obtained in the refrigerating capacity range of 2.2 to 5.6
kW.
[0040] According. to the refrigerating device of the
20  invention, communication pipe diameters and the number of
types thereof may be similarly reduced by using refrigerant
R32 while COP not smaller than COP obtained in the case of
R22 is obtained in the refrigerating capacity range of 4.5

to 7.1 kW.

25 [0041] According to the refrigerating device of the



smal l er than TEW of R22, R410A and the |like (decrease rate 10 of 10 to 20
% ,.- and thereby R32 exhibits excellent characteristics on global warm ng.

[ 0039] According to the refrigerating device of the invention, as is
evident from above description, comunication pipe dianmeters and the
nunber of types 15 thereof can be reducedzgy using refrigerant R32 while
COP not smaller than COP obtained in the“tase of R22 is obtained in the
refrigerating capacity range of 2.2 to 5.6 kw [0040] According to. the
refrigerating device of the 20 invention, comunication pipe dianeters and

the nunber aof _types thereof pay be sinilar]y reduced b ing refrigerant
R32 whil o COPYRT MG | SoPHRHCHEEOB b PAPRed 1AMEURF © o of heRIpmRe Ty o 5 ned

in the refrigerati capacity range of 4.5 to 7.1 kW 25 [0041]. According
to the refrigats | rcfé&aé%a o H?ll%%béntf‘?fépﬂ%ﬁe%o%ﬁ%ﬁ% i bt bigerant

di aneters an th%fnunber of types_thereof may be simlarly reduced by
using refri dgarzdr’f‘l 1 LG Pt cepa hber skhpReFOPh o tedpeshiidl ddie i sA¥RedEase
of R22 is qobtained in the refrigerating capacity range of 7.1 5 to 14.0
KW [0042] IBf4 hieS r%‘?wb%?%tmgtgevir@érégetrﬁélpﬁv&ﬂnw,ty fange ref r 7 gbr ant

containing at | east 70 percent R32 by
5 to 14.0 kW.

[0042] In the refrigerating device of the invention,
mixed refrigerant containing at least 70 percent R32 by
welght is used as the refrigerant, and therefore functions

and effects similar to those described above can be

10 achieved.



wei ght is used as the refrigerant, and therefore functions and effects
simlar to those descri bed above can be 10 achieved. | 22 CLAIMS 1. . A
refrigerating device for delivering refrigerant discharged froma
,conpressor (23) to a first heat exchanger 5 (22), expanding the refrigerant
condensed in the first heat exchanger (22) by expandi ng neans (26),
thereafter delivering the refrigerant thdugh a first communication pipe
(42) to a second heat exchanger (2), and returning the refrigerant
vapori zed in the second heat exchanger (2) 10 through a second
comuni cation pipe (41) to the conpressor (23), wherein R32 is used as the
refrigerant, and dianeters of the firsCL&IMYuni cation pipe (42) and the
second comuni cation pipe (41) are set to 2/8 inch 15 and 3/8 inch,
respectively, in a refrigerating capacity range of 2.2 to 5.6 M2. A
refrigerating device for delivering refrigerant discharged froma
conpressor (23) to a fArsfhegraxithandevi@® {@2)dekkpanihggréfirigerant
refrigerant condensed in the first heat exchanger (22) by expandi nhg nmeans
(26), thereaisrhamsd viErome tdmnpeéssger &23) t tw oaighiasti heat cernbangati on
5 (22), expanding the refrigerant condensed in the first heat
exchanger (22) by expanding means (26), thereafter
delivering the refrigerant through a first communication
pipe (42) to a second heat exchanger (2), and returning the
refrigerant vaporized in the second heat exchanger (2)
10 through a second communication pipe (41) to the compressor
(23), wherein
'R32 is used as the refrigerant, and-
diameters of the first communication pipe (42)
and the second communication pipe (41) are set to 2/8 inch

15 and 3/8 inch, respectively, in a refrigerating capacity

range of 2.2 to 5.6 kW.

2. A refrigerating device for delivering refrigerant
discharged from a compressor (23) to a first heat'exchanger
20 (22), expanding the refrigerant condensed iﬁ the first heat
exchanger (22) by expanding means (26), thereafter
delivering the refrigerant through a first communication
pipe (42) to a second heat exchanger (2), and returning the
refrigerant vaporized in the second heat exchanger (2)

25 through a second communication pipe (41) to the compressor



pi pe (42) to a second heat exchanger (2), and returning the refrigerant
vapori zed:-in the second heat exchanger (2) ‘25 through a second

comruni cati on pipe (41) to the conpressor 23 (23), wherein R32 is used as
Jghe refrigerant, and dianeters of the first comunication pipe (42) and
the second communication pipe (41) are sebsto 2/8 inch 5 and 4/8 inch,
respectively, in a refrigerating capacity range of 4.5 to 7.1 kW 10 3. A
refrigerating device for delivering refrigerant discharged froma
conpressor (23) to a first heat exchanger (22), expanding the refrigerant
condensed in3he fixstehgat exchanger (22) by expanding nmeans (26),
thereafter dellverlng the refrigerant through a first communi cation pipe

(42) to a second heat %§% g€g@£e 233 ggg §g§§{€%9gn£he ngef rigerant

vapori zed in the secon exchanger rough a Second

conmuni cati on pi pe (41 léﬁb{?f%CQﬂPr€ﬁ Elrgﬁg)co Sﬁf&QtE§%4éﬁ use 4?Zethe

refrigerant;, and di aneters |rs comruni catr on prpe

Fespoct | velyiE a8 eBLBEel ShimBhtcaTiohy otpE (2T 4 Wr 26 bZ@J‘inch
5 and 4/8 inch, respectively, in a refrigerating capacity

range of 4.5 to 7.1 kW.

3. A refrigeratiné device for delivering refrigerant
discharged from a compressor (23) to a first heat exchanger
10 (22), expanding the refrigerant condensed in the first heat
exchanger (22). by expanding means (26), thereafter
delivering the refrigerant through a first communication
pipe (42f to a sécond heat exchanger (2), and returning the
refrigerant vaporized in the second heat exchanger (2)
15 through a second communication pipe (41) to the compressor
(23), wherein
R32 is used as the refrigerant, and
diameters of the first communication pipe (42)
and the second communication pipe (41) are set to 2/8 inch
20 and 5/8 inch, 'reépectively, in a refrigerating capacity .

range of 7.1 to 14.0 kW.

4, A refrigerating device as claimed in claim 1, 2

or 3, wherein

25 mixed refrigerant containing at least 70 percent



T

4. A refrigerating device as clained in claiml1, 2 or 3, wherein 25 m xed
refrigerant containing at |east 70 percent 24 R32 by weight is used as the
refrigerant in place of single refrigerant of R32.

24

R32 by weight is used as the refrigerant in place of single

refrigerant of R32.



