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TECHNICAL FIELD

[0001] The present invention relates to a refrigerating
device. More specifically, the present invention relates
to a refrigerating device wusing R32 (chemical formula
CH,F,) or a mixed refrigerant containing at least 70% by
weight of R32 as a refrigerant alternative to R22 (chemical

formula CHC1F,) .

BACKGROUND ART

[0002] Challenges for protection of global environment
relating to a refrigerating device and an air conditioner
using a refrigerant to perform a refrigerating cycle
include (1) protection of the ozone layer, (2) energy
saving, (3) response to global warming (restricted emission
of CO, or the 1like) and (4) recycling of resources.
Particularly in view of protection of the ozone layer among
these challenges for protection of global environment, R22
(HFC22) is not considered to be a favorable refrigerant due
to its high ODP (Ozone Depletion Potential). Candidates of
a refrigerant alternative to R22, which has a high ozone
depletion potential, include R410A (having a composition of

HFC32:HFC125 = 50:50 in weight ratio), R407C (having a
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.a refrigerant alternative to R22, which has a high ozone depletion
potential, include R410A (having a conposition of 25 HFC32: HFC125 = 50: 50
in weight ratio), R407C (having a k 2 conposition of HFC32: HFC125: HFC134a =
23:25:52 in weight ratio), R32 (HFC32) and so forth. Furthernore, sone of
refrigerating devices using R410A or RAOJC to performa refrigerating
cycle which can obtain a COP (Coefficient of 5 Performance) equivalent to
that of R22 are already commercially available. [0003] However, when R410A
or RA0O7C is used, the size of a heat exchanger serving as a condenser

needs to be i NEIRASKH bR R AN O RN kN LOMArdS0ARW ddi e 10
case where R22 1s used. In particular, when R410A is used, this tendency
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[0003] However, when R410A or R407C is used, the size of
a heat exchanger serving as a condenser needs to be
increased in view of energy saving in comparison with the
10 case where R22 is used. 1In particular, when R410A is used,
this tendency becomes strong since the degree of
supercooling (subcool (deg.)) in the condenser needs to be
increased. Therefore, conventionally, the ratio m (=
Vout/Vin) of the internal volume Vout of a heat exchanger
15 serving as a condenser and the internal volume Vin of a
heat exchanger serving as an evaporator is set to be higher
than 1.5. As a result, there are disadvantages in costs
and product size. In particular, as in the case of an air
conditioner, when a heat pump cycle is also performed by
20 circulating the refrigerant in a direction opposite to the
refrigerating cycle, the refrigerant circuit needs ¢to
include a large-size 1liquid receiver (receiver) and a
large-size vapor-liquid separator (accumulator) because
optimal amounts of the refrigerant filled in the

25 refrigerant circuit at the time of cooling and heating are



.refrigerating cycle, the refrigerant circuit needs to include a |arge-size
liquid receiver (receiver) and a |arge-size vapor-liquid separator
(accunul at or) because optinmal amounts of the refrigerant filled in the 25
refrigerant circuit at the tine of cooling and heating are 3 largely
different. Therefore, there are further disadvantages in costs and product
size. [0004] Accordingly, it is suggested to use R32 (HFC32) instead of
R410A or R407C. R32 has a Gobal Warmng 5 Potential GAP which is about
1/3 of that of R22, R410A or R407C, and therefore R32 is extrenely

effective fﬁr%@fﬁve’&ﬂmr@r&bﬁ” var Fhagergewever cnbhe CORref RB2remapot
becone higher than that of R22 while the COP of R407C or R410A is
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device using R32 1n arefrigerating cycle has not practically obtained a
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preventing global warming. However, the COP of R32 cannot
become higher than that of R22 while the COP of R407C or
R410A is substantially equivalent to that of R22. 1In other
10 words, a refrigerating device using R32 in a refrigerating
cycle has not practically obtained a COP which greatly
exceeds that of R22 although a high COP can be
theoretically expected from <characteristics of R32.
Furthermore, R32 exhibits the phenomena that pressure and
15 discharge temperature are higher as compared with the case
of using R22. In addition, there is a problem that safety
consensus is hardly reached since R32 has microcombustion
property. Therefore, R32 has not been used in an actual
product as an alternative refrigerant in industries.
20
DISCLOSURE OF INVENTION
[0005] Accordingly, an object of the present invention
is to provide an energy saving type refrigerating device
responding to global warming in which, by using R32 having

25 a low global warming potential (GWP) as a refrigerant, a



.20 DI SCLOSURE OF | NVENTI ON [ 0005] Accordingly, an object of the present
invention is,to provide an energy saving type refrigerating device
responding to global warmng in which, by using R32 having 25 a | ow gl obal
warm ng potential (GAP) as a refrigerant, a 4 heat exchanger can be made
smal | er than a conventional device one while a coefficient of performance
(COP) higher than that of a conventional device is obtained. [0006] The
present invention was acconplished based on a 5 finding by the inventors
of the present invention that a tendency that a COP of a refrigerating

devi ce varigs,+ dependind@onchhe g&f iager agha ameuntr{dhe avhebgvanPybhal
filled in the refrigerant circuit) largely differs depending on the kind

of the refri t artkeul arl : e 20, t efri ants
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rises as the refrigerant anount r1ncreases, and e COP reaches to a
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tendency that a COP of a refrigerating device varies
depending on the refrigerant amount (the whole amount
filled in the refrigerant «circuit) largely differs
depending on the kind of the refrigerant, particularly
10 between R32 and the other refrigerants such as R410A and
the like. Specifically, when R410A is used for example, as
shown in Fig. 5A, there seems to be a tendency that the COP
gradually rises as the refrigerant amount increases, and
that the COP reaches to a saturated point in the shown
15 range. On the other hand, when R32 is used, there is a
tendency that the COP shows a peak 1in response to the
change in the refrigerant amount, and that the COP rapidly
lowers as soon as the refrigerant amount is out of the
range where the peak is obtained. The reason why a higher
20 COP could not be conventionally obtained in the case of
using R32 in comparison with the case of using R410A is
that R32 was used in a range where the refrigerant amount
was relatively large (1200-1300 g in the example of Fig.
5A). Here, attention should be paid to the fact that the

25 peak value of the COP when R32 is used and the refrigerant



.range where the peak is obtained. The reason why a higher 20 COP coul d not
be conventionally obtained in the case of using R32 in conparison with the
case of using R410A is that R32 was used in a range where the refrigerant
amount was relatively large (1200-1300 g in the exanple of Fig. 5A).

Here, attention should be paid to the fagt that the 25 peak val ue of the
COP when R32 is used and the refrigerant 5 anmount is changed is nuch hi gher
than the COP when R410A is wused in an optinmal refrigerant anmount (1300 g
in the exanple of Fig. 5A) Therefore, there is a possibility that the

size of a heahuBXGhaNgan R&Y Vi NGuas & Hiensain icancde weshice dy usi ng
R32 in a range of a COP equivalent to or higher than a conventional COP in
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refrigerating device circulating R32 1n a refrigerant circuit as a 10
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to or higher than a conventional COP in the case of using
R22.
[0007] The present invention provides a refrigerating
device circulating R32 in a refrigerant circuit as a
10 refrigerant to perform a refrigerating cycle, the
refrigerating device comprising: a compressor in the
refrigerant circuit; a first heat exchanger serving as a
condenser; an expansion means; and a second heat exchanger
serving as an evaporator, wherein a ratio m of an internal
15 volume (Vout) of the first heat exchanger to an internal
volume (Vin) of the second heat exchanger is set to be in a
range of 0.7 < m £ 1.5.
[0008] In the refrigerating device of the present
invention, R32 is used as a refrigerant, and the ratio m (=
20 Vout/Vin) of the internal volume (Vout) of the first heat
exchanger serving as a condenser to the internal volume
(Vin) of the second heat exchanger serving as an evaporator
is set to be in the range of 0.7 £ m £ 1.5. Consequently,
the internal volume of the first heat exchanger serving as

25 a condenser, and therefore, the.size of the first heat



.[0008] In the refrigerating device of the present invention, R32 is used
as a refrigerant, .and the ratio m(= 20 Vout/Vin) of the internal volune
(Vout) of the first heat exchanger serving as a condenser to the internal
volume (Vin) of the second heat exchanger serving as an evaporator s set
to be in the range of 0.7 < m<_ 1.5. Cogsequently, the internal volune of
the first heat exchanger serving as 25 a condenser, and therefore, the size
of the first heat 6 exchanger are reduced in conparison with a conventiona
case, particularly, where R410A is used. Therefore, this device has

advant ages df05fe 2aRdePrOducte$i 26 FHPLNEEORT &itds desednheskisiger, a
COP which is equivalent 5 to or higher than a conventional COP | evel when

R22 is useq.,&an be obtai fedy, FUhLREr MNoa evenu¥ben a mirfdd @afant th ss
.circulated 1n'adirection opposite to a refrigerating cycle to performa

heat punp g eg\}i«rece%as ho gt hea%gﬁﬁeén_ gl €QBELLI ONRY, bhREqaaRE! Madi agpunt
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recei ver and a 'l arge-si ze vapor -T1 qui d separator (accumulator), an

hence this c&PPEL aE)B‘Eati1g%d‘?‘dvaﬁﬁxa&ueesrr&&ec,osééeﬁnghgﬁo%u%%ﬁizgeerant is

.circulated in a direction opposite to a refrigerating cycle
to perform a heat pump cycle as in the case of an air
conditioner, the optimal amount values of the refrigerant

10 filled in the refrigerant circuit at the time of cooling
and heating are closer when R32 is used in comparison with
a conventional case (R22 or R410A is used) as described
later. Therefore, the refrigerant circuit does not need to
include a large-size liquid receiver and a large-size

15 vapor-liquid separator {accumulator), and hence this
apparatus has advantages in costs and product size.

[0009] In one embodiment of the present invention, as
the refrigerant, a mixed refrigerant containing at least
70% by weight of R32 is used.

20 [0010] The principle of the present invention is applied
not only to the single R32 refrigerant, but also to the
mixed refrigerant containing at least 70% by weight of R32,
and the same operational effects as the above can be
obtained.

25



.[0009] In one enbodi nent of the present invention, as the refrigerant, a
m xed refrigerant .containing at | east 70% by weight of R32 is used. 20
{0010] The principle of the present invention is applied not only to the
single R32 refrigerant, but also to the mxed refrigerant containing at

| east 70% by wei ght of R32, and the sang operational effects as the above
can be obtained. 25 7 BRI EF DESCRI PTI ON OF DRAW NGS [ 00111 Fig. 1 shows
rel ati onship between a theoretical COP and a ratio m (= Vout/Vin) which is
aratio of an internal volume Vout of an outdoor heat exchanger to an 5

internal vaigher \bek@is g dpdpepi@fin@xchanger, in  conparison between a

case where R32 is used and mis set to be in the range of 0.7 !~ m:~ 1.5
according td1ie) Preseny.  hNLeRION &ngk fo k@96 WRBEReBRZ 01+ ¥ Dé 1 sa tised
and mis set to be inthe range of 1.5 <m:!I'~ 2.6; 10 (00121 Fig. 2 shows

rel ationshigypegyaen, a befiti ger ati ngou CAPAGH t yndld afls i ndopy heal, rexghanger
volunme ratio 1n conparison between the case where R32 is used and mis set

o e AN gl U ok SnceRitiog RdteoreneRgat Wt on
of 1. 5g< n1iﬁféfh£ﬁ volume Vin of an indoor heat exchanger, in
comparison between a case where R32 is used and m is set to
be in the range of 0.7 £ m £ 1.5 according to the present
invention and a case where R22 or R410A is used and m 1is
set to be in the range of 1.5 < m £ 2.6;

10 {0012] Fig. 2 shows relationship between a refrigerating
capacity and an indoor heat exchanger volume ratio in
comparison between the case where R32 is used and m is set
to be in the range of 0.7 £ m £ 1.5 according to the
present invention and the case where R22 or R410A is used

15 and m is set to be in the range of 1.5 < m £ 2.6;

{0013} Figs. 3A and 3B respectively show comparison of
various kinds of data between the case where R32 is used
and m is set to be in the range of 0.7 £ m £ 1.5 according
to the present invention and the case where R22 or R410A is

20 used and m is set to be in the range of 1.5 < m £ 2.6;
[0014] Fig. 4 is shows comparison between a COP when R32
is used and a COP when R22 or R410A is used with the same
refrigerating capacity when a degree of supercooling
(subcool) in an outdoor heat exchanger is changed at the

25 time of a cooling operation;



.[ 00131 Figs. 3A and 3B respectively show conparison of various kinds of
data between the case where R32 is used and mis set to be in the range of
0.7 :!'~m:!~ 1.5 according to the present invention and the case where
R22 or R4A10A is 20 used and mis set to be in the range of 1.5 < m:!~
2.6; [00141 Fig. 4 is shows conparison bgtween a COP when R32 is used and
a COP when R22 or R410A is used with the sanme refrigerating capacity when
a degree of supercooling (subcool) in an outdoor heat exchanger is changed
at the 25 time of a cooling operation; 8 [0015] Figs. 5A and 5B show
resul ts of t_?@f&'{ enmeng; of  asy CRGWARN sR3% 2 984 & ndflUrdRIANtANd a
COP when R410A 1s used, while a Refrigerating capacity 1s 5.0 kW the
refrigerantcgmunl, (k8hak sanaupt ok I 6d 4.1 dhe e Tdd P& afp Sycds CRELdAT S
changed, Fig. 5A shows regupgs_USOnaa coéﬁipg operati on, andgFig. 5B shows
results UPOfk aiedl | Nni PRCIAL kARr i LOPACL nfl Gafaol\AS 18 SENEMRHC the.
configuration of an air  conditioner for explainingthe present i'nvention;
10 [0017] H ; w of a i their
f@?m%{\gﬁﬁoﬁ?ﬁm (@9‘?%1' zen§%%t 1IREDA WM {0 £S§P§§&r5§tby

refrigerant anpu anount in the refrigerant circuit
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operation, and Fig. 5B shows results wupon a heating
operation;

[0016] Fig. 6 shows a schematic configuration of an air
conditioner for explaining the present invention;

10 [0017] Figs. 7A and 7B show COPs of R32 and R410A with
respect to their refrigerant amounts (total amount filled
in the refrigerant circuit) by using the peak of R410A as a

reference when the refrigerating capacity is 2.8 kW, Fig.

7A shows results upon a cooling operation, and Fig. 7B

15 shows results upon a heating operation;
[0018] Figs. 8A and 8B show COPs of R32 with respect to
its refrigerant amount (total amount filled in the

refrigerant circuit) by using the peak of R410A as a

reference when the refrigerating capacity is 2.5 kW, Figqg.
20 8A shows results upon a cooling operation, and Fig. 8B

shows results upon a heating operation; and

[0019] Fig. 9 shows relationship between enerqgy

efficiency and content of R32 in a mixed refrigerant of R32

and R125.

25



.15 shows results upon a heating operation; [0018] Figs. 8A and 8B show COPs

of R32 with respect to its refrigerant amount (total amount filled in the
refrigerant circuit) by using the peak of R410A as a
refrigerating capacity is 2.5 kW Fig. 20 8A shows results upon a cooling

operati on,

Fig. 9 shows rel ationship between energy
a mxed refrigerant of R32
| NVENTI ON [ 0020] Hereafter,

ref erence when the

and Fig. 8B shows results upeon a heating operation; and [0019]

present i nv@iit MM |FoRe it @idiesT rgetaENMIdh reference to

acconpanyi ng draw ngs.

an air conggdner fruraxplad ni ngnbbaiRERE8Nt dNVeRheoN. rd fr fddSat Bld
conditioner, a refrigerant circuit is configured by connecting an outdoor

uni t 20 angyan dddporepiide ds it Ninv@fti gendittl Rhdeskgilaidd ANMERR 1S
circulated in the 10 refrigerant circuit as a refrigerant. An indoor heat
20105 aSeGuUd-dedl Lxhasride dHsad

a conpressor 23 for conpréssing and discharging the refrigerant

exchanger
Meanwhi | e,

dn the indoor unit 1.

(RBZ),5a.fc¥50ng svwﬁﬁ$jn@ shows a schematic configuration of an air
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conditioner for explaining the present invention. In this
air conditioner, a refrigerant circuit is configured by
connecting an outdoor unit 20 and an indoor unit 1 with
refrigerant pipes 41, 42, ana R32 1is circulated in the
refrigerant circuit as a refrigerant. An indoor heat
exchanger 2 as a second heat exchanger 1is housed in the
indoor unit 1. Meanwhile, a compressor 23 for compressing
and discharging the refrigerant (R32), a four-way switching
valve 25 for switching refrigerant flow passages, an
outdoor heat exchanger 22 as a first heat exchanger, a
motor-operated expansion valve 26, an accumulator 24 for
separating the returned refrigerant into a gas and a liquid,
a receiver 29 for adjusting a refrigerant amount for
cooling or heating and a microcomputer 60 for controlling
an operation of the air conditioner are housed in the
outdoor unit 20.

[0022] At the time of a cooling operation where a
refrigerating cycle is performed, by switching the four-way
switching valve 25, as shown as solid lines in Fig. 6, the

refrigerant discharged from the compressor 23 is

5 [0021] Fig. 6 shows a schematic configuration of

efficiency and content of R32 in
and R125. 25 9 BEST MODE FOR CARRYI NG QUT THE
enbodi nents of the refrigerating device of the



-valve 25 for switching refrigerant flow passages, an 15 outdoor heat
exchanger 22 as a first heat exchanger, a nptor-operated expansion val ve
26, an accumul ator 24 for separating the returned refrigerant into a gas
and a liquid, a receiver 29 for adjusting a refrigerant anmount for
cooling or heating and a m croconputer 68gfor controlling 20 an operation
of the air conditioner are housed in the outdoor unit 20. [0022] At the
time of a cooling operation where a refrigerating cycle is perfornmed, by
switching the four-way swtching valve 25, as shown as solid lines in Fig.

6, the 25 reffl 9edandy Ot §CRABIGM AP (H{iea (€ OBRERERQEr 2821 Sek¥iliansd exr ed
to the outdoor heat exchanger 22 serving as a condéenser through a pipe 31,

t he four- i in 25 ; i 3 he,refdii; ; c sed
nothre ool NenYBLNE 2HEN0 B P! BRe S douliiehS du kAN COREES

exchanger er.y a e or at t ipe or rated
22:f awmgﬁorspgg%a;]sgao. Phe Wé}f&g{b@ré}w Saddid Mh tOper

expansi on val ve 26 Ing t refrigerant by squeezing the

passage, a ftrottle,val ve, Rl 0d 2o Pl Per 42,5 FULLOET 0T Ene t NEaLEETLERE AN
n % e fg

evaporated "1n the indoor heat”exchanger 2 is returned to the _conpr essor
23 o guoh Aolan L2 nper oLy eale tharatl: iRULGH BIBLCSRIOLKE! Ve
at the tirmhé%ofLoperated expansion wvalve 26 for expanding the
refrigerant by squeezing the flow passage, a throttle valve
27 and a pipe 42. Purthermore, the refrigerant evaporated
in the indoor heat exchanger 2 1s returned to the
10 compressor 23 through a pipe 41, needle valve 28, pipe 34,
four-way switching valve 25, pipe 32, receiver 29, pipe 37,
accumulator 24 and pipe 35. Meanwhile, at the time of a
heating operation where a heat pump'cycle is performed, the
four-way switching valve 25 1s switched to transfer the
15 refrigerant discharged from the compressor 23 to the indoor
heat exchanger 2 serving as a condenser through the pipe 31,
four-way switching wvalve 25, pipe 34, needle valve 28 and
pipe 41 as shown with broken 1lines in Fig. 6. The
refrigerant condensed in this indoor heat exchanger 2 1is
20 transferred to the outdoor heat exchanger 22 serving as an
evaporator through the pipe 42, throttle wvalve 27, full-
power motor-operated expansion valve 26 and pipe 36. The
refrigerant evaporated in this outdoor heat exchanger 22 is
returned to the compressor 23 through the pipe 33, four-way

25 switching wvalve 25, ©pipe 32, receiver 29, pipe 37,



-heating operation where a heat punp cycle is performed, the four-way
switching valve 25 is switched to transfer the 15 refrigerant discharged
fromthe conpressor 23 to the indoor heat exchanger 2 serving as a
condenser through the pipe 31, four-way sw tching valve 25, pipe 34,
needl e val ve 28 and pipe 41 as shown with broken lines in Fig. 6. The
refrigerant condensed in this indoor heat exchanger 2 is 20 transferred to
t he outdoor heat exchanger 22 serving as an evaporator through the pipe
42, throttle valve 27, full- power notor-operated expansion valve 26 and

pi pe 36. Thacumirdgsr gt Svaporgd esbin this outdoor heat exchanger 22 is
returned to the conpressor 23 through the pipe 33, four-way 25 sw tching

val ve 25, pig23R. ! enel VeRddSr BhPE 37islbROppad aliah 24 &bl Peuss.

[0023] The indoor unit 1 is equipped with a tenperature sensor 51 for

detecting igogsy aélnvﬁcpbea@té@gﬂg{ af MiSor F QOB s - @ £ SRPEF AL W E BLASRT 52

for detecting tenperature Tin t he i ndoor heat exchanger. Furthernore,

the outdoor,,inkt t%ﬁﬁ%%a%‘&'fiep%%é’grt hs 2 EEPPRRALWS n3eNSMperd e Tin
detecting outdoor athosphere tenperature Tatm tenperature sensor 54 for

detecting teppepat uy ey Jout h%%tOUéQ&@én _ exEPangBlord SMREIAL Y €aSERSOT

55 for detecting discharge tenperature Tdis of the conpressor and

tenperature,sensely 5§ fQhudBHEA! | RBLRUCE | QLARIMANALT Sehsdt b3t heor

conpr essor.
detecting outdoor atmosphere temperature Tatm, temperature

sensor 54 for detecting temperature Tout of outdoor heat
exchanger, temperature sensor 55 for detecting discharge

10 temperature Tdis of the compressor and temperature sensor
56 for detecting suction temperature Tsuc of the compressor.
The microcomputer 60 controls an operation of the
refrigerant circuit based on outputs of these temperature
sensors and settings by the user.

15 [0024] In this air conditioner, R32 1is wused as a
refrigerant, and the ratio m (= Vout/Vin) of the internal
volume Vout of the outdoor heat exchanger 22 and the
internal volume Vin of the indoor heat exchanger 2 is set
to be in the range of 0.7 < m £ 1.5 according to the

20 present invention. In order to change the internal volume
of the heat exchanger, it is sufficient to change the inner
diameter of a heating tube (the refrigerant passes through
the inside thereof) piercing through radiating fins of the
heat exchanger. 1In such a case, the internal volume of the

25 outdoor heat exchanger 22, therefore, the size of the



- The.m croconputer 60 controls an operation of the refrigerant circuit
based on outputs of these tenperature sensors and settings by the user. 15
[0024] In this air conditioner, R32 is used as a refrigerant, and the
ratio m (= Vout/Vin) of the internal volunme Vout of the outdoor heat
exchanger 22 and the internal volume Vinzpof the indoor heat exchanger 2 is
set to be inthe range of 0.7 < m< 1.5 according to the 20 present
invention. In order to change the internal volune of the heat exchanger

it is sufficient to change the inner dianmeter of a heating tube (the

refrigeranty iagsss Hdyoughehdhfed sl dead het eaddudd&r ol Neoriy ougdh nadiat i ng

fins of the heat exchanger. I'n such a case, the internal volune of the 25

outdoor heal exghangslordd, Ihewef gb%tltcma%u:ye phetBe R210nt dpor hesd.

exchanger 22 can be reduced in comrparison with a conventional case

particul ar lpp wWher e LANGA IS HsedavaheIfdOord ddwre @H& M&E@@Q@ﬁzén costs

and product size. [0025] 1n addition, as shown in when R32 is used

5 and mis g, (% efnxb%cg@f@forpf & Tsowi th Irdy. & C%eﬁ%yaisen&sé@ or

hi gher than a of RA10A i's used and"mi’s set to be in the

range of 1. M £ BetaNhe DenORLAl NEG §p%cf fpcal ly, pak spoyn ign Ehgs. 3A
Int %

and 3B, a e case of using R32 COP in the case of using 10

R22 or R410éAQ@f\?afé)t{@a{:8doazt ﬁl&ﬁéf'@ﬁ%ﬁ“aﬂgC5§p%'etny 1922 or R410A is

used and m is set to be in the range of 1.5 < m £ 2.6 can
be obtained. Specifically, as shown in Figs. 3A and 3B, a
COP in the case of using R32 and a COP in the case of using
10 R22 or R410A are compared at a refrigerating capacity of
2.5 kW, 2.8 kW and 5.0 kW, there is a similar tendency in
both cases that the COP increases as the m value increases.
Theoretical COP at m = 0,912, 0.954 and 1.335 in the former
case are equal to theoretical COP atﬂm = 1.676, 1.763 and
15 2.269 in the latter case. However, in Figs. 3A and 3B, the
refrigerant amount filled in the refrigerant circuit when
R32 is used is set to be 70 % by weight of the refrigerant
amount filled in the refrigerant circuit when R410A is used.
Here, the reason why theoretical COP is used for cbmparison
20 is that the compressor efficiency needs to be equivalent
for evaluation (in the present specification, when COP is
simply referred to, this means COP in a real machine unless
otherwise specified). It is noted that the method of
measuring the Refrigerating capacity (kW) conforms to

25 provision C9612 of in Japan Industrial Standard (JIS).



2.5 kW 2.8 kWand 5.0 kW there is a simlar tendency in both cases that
the COP increases .as the mvalue increases. Theoretical COP at m= 0.912,
0.954 and 1.335 in the former case are equal to theoretical COP at m=
1.676, 1.763 and 15 2.269 in the latter case. However, in Figs. 3A and 3B,
the refrigerant anmount filled in the refgigerant circuit when R32 is used
is set to be 70 % by weight of the refrigerant anount filled in the
refrigerant circuit when R410A is used. Here, the reason why theoretical
COP is used for conparison 20 is that the conpressor efficiency needs to be
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R410A or R407C. Therefore, a COP in the case of using R32

does not much lower than that in the case of using R410A or

the like even when a degree of supercooling is set to be

10 low, as shown in Fig. 4.

[0027] Fig. 2 shows indoor heat exchanger volume ratios
at a refrigerating capacity of 2.5 kW, 2.8 kW and 5.0 kW in
comparison between the case of using R32 and the case of
using R22 or R410A based on data in Figs. 3A and 3B. Here,

15 the indoor heat exchanger volume ratio is defined as
follows:

Internal volume of indoor heat
exchanger/ (internal volume of indoor heat exchanger +
internal volume of outdoor heat exchanger)

20 [0028] As shown in Fig. 2, when R32 is used and m is set
to be in the range of 0.7 € m £ 1.5, the indoor heat
exchanger volume ratio is 39-54%, while the indoor heat
exchanger volume ratio is 30-38% when R22 or R410A is used

and m is set to be in the range of 1.5 < m £ 2.6.

25 [0029] Figs. 5A and 5B show relationships between the



-10 low, as shown in Fig. 4. [0027] Fig. 2 shows indoor heat exchanger
volume ratios . at .a refrigerating capacity of 2.5 kW 2.8 kWand 5.0 kWin
-conmpari son between the case of using R32 and the case of using R22 or
R410A based on data in Figs. 3A and 3B. Here, 15 the indoor heat exchanger
volume ratio is defined as follows: |Intepnnal volune of indoor heat
exchanger/ (internal volune of indoor heat exchanger + internal volune of
out door heat exchanger) 20 [0028] As shown in Fig. 2, when R32 is used and
mis set to be in the range of 0.7 S m- 1.5, the indoor heat exchanger

vol ume ratifefsi g 2406 aBiuhe t<§e; iMIpaFoeat +BXCRAREETo W OLYBi At hAdI S
30-38% when R22 or R410A is use and mis set to be in the range of 1.5 <
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refrigerant amount (g) and COP at the tine of cooling and heating,

respectivel :Yefi“b@é‘rﬁ%@%ﬁ@dt%%éﬁ?igé?gtﬁﬁg Eghhtggyantssapdyghe.
refrigerating capacity is 5.0 kW [0030] When R32 is used, the opti mal
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the time of cooling and heating becone closer in conparison
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pecifically, the optimal refrigerant
time of cooling and heating become closer in comparison
with a conventional case (R22 or R410A is used) as shown in
Figs. 5A and 5B. Specifically, the optimal refrigerant
amount providing a peak of COP when R32 is used is obtained
10 as 960 g at the time of a cooling operation and 840 g at
the time of a heating operation. Meanwhile the optimal
refrigerant amount when R410A is used is obtained as 1300 g
at the time of a cooling operation and 1100 g at the time
of a heating operation. As shown in these results, when
15 R32 is used, the ratio between the optimal amount of the
refrigerant filled in the refrigerant circuit at the time
of cooling and the optimal amount of the refrigerant filled
in the refrigerant circuit at the time of heating becomes
closer to 1 than that when 410A is used. Therefore, the
20 receiver 29 can be omitted or the accumulator 24 can be
made smaller in the refrigerant circuit, thereby resulting
in advantages in costs and product size.
[0031] Figs. 7A and 7B show relationship between the

refrigerant amount (g) and the system COP (%) at the time

25 of cooling and heating, respectively, when R410A and R32



~amount providing a peak of COP when R32 is used is obtained 10 as 960 g at
the time of a . cooling operation and 840 g at the tinme of a heating
.operation. Meanwhile the optinmal refrigerant anobunt when R410A is used is
obtained as 1300 g at the time of a cooling operation and 1100 g at the
time of a heating operation. As shown insthese results, when 15 R32 is
used, the ratio between the optimal anount of the refrigerant filled in
the refrigerant circuit at the time of cooling and the optimal anount of
the refrigerant filled in the refrigerant circuit at the time of heating

becomes clgserydfy lakhar srhale ranen AHDAhS vsedigihareher @agdta 20 is
recei ver 29 can be omtted or the accunul ator 24 can be nmade snaller in
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product size. [0031] Figs. 7A and show rel ati onshi p between the
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and heating, respectively, when R410A and 2 15 are used as refrigerant

and the refdiger Al N0cGaRach! Yod os 20 fukWarfe RIOWALLN 1HS affraithdB, RS2
has COPs higher than those of R410A at a refrigerating capacity of 2.8 kW
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opti mal anount val ue of e refrigerant In the retrigerant circuit

at the time,pfecookdpg; g0rahbat rahi ENGel bHe inldr Nbd ML AP | Epfc Wi th
at the time of heating in comparison with R410A.
Specifically, the optimal refrigerant amount providing a
peak of COP when R32 is used is obtained as 1100 g at the

10 time of a cooling operation and 1000 g at the time of a
heating operation. Meanwhile, the optimal refrigerant
amount when R410A is used is obtained as 1340 g at the time
of a cooling operation and 1180 g at the time of a heating
operation. As shown in these results, when R32 is used,

15 the ratio of the optimal amount of the refrigerant filled
in the refrigerant circuit at the time of cooling and the
optimal amount of the refrigerant filled in the refrigerant
circuit at the time of heating becomes closer to 1 in
comparison with when R410A is used.

20 [0032] Furthermore, Figs. 8A and 8B show relationship
between the refrigerant amount (g) and the system COP (%)
at the time of cooling and heating, respectively, when
R410A and R32 are used as refrigerant and the refrigerating

capacity 1is 2.5 kW. It 1is confirmed that at a

25 refrigerating capacity of 2.5 kW, similarly to the cases of



«Specifically, the optimal refrigerant anount providing a peak of COP when
R32 is used is obtained as 1100 g at the 10 tine of a cooling operation and
1000 g at the time of a heating operation. Meanwhile, the optinal
refrigerant anount when R410A is used is obtained as 1340 g at the tine

of a cooling operation and 1180 g at theisine of a heating operation. As
shown in these results, when R32 is used, 15 the ratio of the optinal

anount of the refrigerant filled in the refrigerant circuit at the tinme of
cooling and the optinmal anmount of the refrigerant filled in the

refrigeranty i gRuUidngt st he ww "ered haad | NgsBecPiPese K RSET be@wkehn the
conpari son with when R410A is used. 20 [0032] Furthernore, Figs. 8A and 8B

show rel atignshi hebween $Aeussf rdgetant AoPHNGefant ad 1tihey sy st epn 0P
(%9 at the tine of cooling and heating, respectively, when R410A and R32

are used asd@fidaenant andytihe gef riger athRy c6aPAEHt Yarld BeathkWy linis
confirnmed that at a 25 refrigerating capacity of 2.5 kW simlarly to the

cases of 1@6%%%}%%§Huu§%ﬂ)ggg 32 has desgn difference between the optinal

amount val ues erefrigerant filled in the refrigerant circuit at the
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Ther ef or e, he refrigerating capacity iIs K as in the
case of 5'qw¥wgrt@?8rﬁﬁeégeﬁnzghga%ase of 5.0 kW, the receiver 29 can

be omitted or the accumulator 24 can be made smaller in the
refrigerant circuit, thereby resulting in advantages in
costs and product size.

10 [0034] It is noted that an air conditioner has been
explained in this embodiment, but the present invention is
not limited to this embodiment. The present invention can
be widely applied to refrigerating devices using R32 as a
refrigerant to perform a refrigerating cycle.

15 [0035] Furthermore, naturally, the principle of the
present invention is applied not only to a single R32
refrigerant, but extended to a mixed refrigerant containing
at least 70% by weight of R32 and exhibits the same
operational effects. As a refrigerant mixed with R32, a

20 fluorine refrigerant or a natural refrigerant may be used.
Examples of the natural refrigerant include propane, butane,
CO,, ammonia and so forth. Such mixed refrigerants include,
for example, a refrigerant containing 70-90% by weight of
R32 and CO, as a remaining component. Furthermore, when an

25 old type refrigerating device 1is filled with R32 as an



.be omtted or the accunulator 24 can be nmade smaller in the refrigerant
circuit, thereby resulting in advantages in costs and product size. 10
J0034] It is noted that an air conditioner has been explained in this
enbodi ment, but the present inventionis not limted to this enbodi nent.
The present invention can be widely appl7ed to refrigerating devices using
R32 as a refrigerant to performa refrigerating cycle. 15 [0035]
Furthernore, naturally, the principle of the present invention is applied
not only to a single R32 refrigerant, but extended to a m xed refrigerant

contai ni ng 518k rh@33te/ QWMY jael gk, @haR32 Anadhidbides-dahg s trofit
operational effects. As a refrigerant mxed with R32, a 20 fluorine

refrigerant (Oh g fAGNUR ¥ 6hr RGST FalchTgk NS 486t aiRERIPlLS fr iideer diat ur al
refrigerant include propane, butane, (02, ammonia and so forth.” Such m xed

refriger ant%,i{rgglﬁgqi%ozv cg-goa%ﬁmbsi gBt ! Bl IS aflq CRM akBi A9 rlrD0Yey

wei ght of I ni ng conponent. Furthernore, when an 25
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refrigerant, en a so-called retrofit 7s perforned or an R22
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and 2 as a remainin mponerit can be used as a m xed refrigerant. 5

[0036] Further/myg.e mytuce of;,R32 apdeRiga-cae.be  1n  the mixed

refrigerant of R32 and R125, a region containing up to 70%
by weight of R32 is an azeotropic region where the liquid
composition and the generated vapor composition are the
10 same. A region higher than that becomes a non-azeotropic
region. As the R32 content increases, characteristics of
R32 appear more clearly and more remarkably in the non-
azeotropic region.
[0037] Fig. 9 shows a relationship between the R32
15 content 1in a refrigerant mixed with R125 and energy
efficiency. When the R32 content is 70% by weight or
higher, the energy efficiency significantly rises. When the
R32 content exceeds about 80% by weight, its energy

efficiency surpasses that of R22. That is, when the R32

20 content is 70% by weight or higher, a high COP can be
obtained.
[0038] Thus, a single R32 refrigerant and a mixed

refrigerant containing at least 70% by weight of R32 have a
COP substantially equivalent to or higher than that of a

25 conventional refrigerant such as R22 or the like as shown



«considered as a mxed refrigerant. In the mxed refrigerant of R32 and
R125, a region containing up to 70% by weight of R32 is an azeotropic
region where the liquid conposition and the generated vapor conposition
are the 10 sane. A region higher than that becones a non-azeotropic

As the R32 content increases, chggacteristics of R32 appear nore
clearly and nore remarkably in the non- azeotropic region. [0037] Fig. 9
shows a rel ationship between the R32 15 content in a refrigerant m xed
with R125 and energy efficiency. Wien the R32 content is 70% by wei ght or

the renef y et fi grengyy skani fimanthdrmd 88s. a¥her sidie bed32a16@d ent
exceeds about 80% by melght its energy efficiency surpasses that of R22.
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equation including an inverse number of COP and GWP, is
lower than that of R22 or R410A (lowering rate: 10-20%) and
R32 shows an excellent characteristic against global
warming.

[0039] Thus, since an R32 refrigerant and a mixed
refrigerant containing at least 70% by weight of R32 not
only do not deplete the ozone layer, but also have a low
global warming potential GWP, a low total equivalent
warming impact TEWI and a high coefficient of performance
(COP), these are energy saving type refrigerants responding
to globel warming.

(0040} As 1is evident from the above, the refrigerating
device of the present invention is of an energy saving type
responding to global warming by using R32 as a refrigerant.

Moreover, since the ratio m (= Vout/Vin) of the internal

" volume (Vout) of the first heat exchanger serving as a

condenser and the internal volume (Vin) of the second heat
exchanger serving as an evaporator is set to be in the
range of 0.7 £ m £ 1.5, the size of the first heat

exchanger can be reduced in comparison with a conventional



5 Warm ng Inpact (TEW) of R32, which is represented in an equation

i ncludi ng an inverse nunber of COP and GAP, is |ower than that of R22 or
R410A (lowering rate: 10-20% and R32 shows an excellent characteristic
agai nst global warm ng. 10 [0039] Thus, since an R32 refrigerant and a

m xed refrigerant containing at |east 790& by weight of R32 not only do
not deplete the ozone |ayer, but also have a | ow gl obal warm ng potenti al
GNP, a |low total equivalent warmng inpact TEW and a high coefficient of
performance 15 (COP), these are energy saving type refrigerants respondi ng

to global wayHdg PPAD] AS £spevedanbafieam the akpvenhildies efdigeraing
devi ce of the present i nvention is of an energy saving type responding to

gl obal & refrdgeranda. 20 Moreover, since the ratio
m (= Vbut/ggn) of the |ntereﬂ%f vol une (Vbut) of the frrst heat exchanger

Serving as gyofPndensgl- and-ddis | niehpdl 1‘.’9&”@%12(1:\{({1% rdlfid ed%%f%%d?c@gaaq

exchanger serving as an evapor at ‘or TS set to bein ra ge (0]
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with a conventi evice while a equi val ent er than a
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operational effects as the above can be obtained.



~thepresent invention uses a mxed refrigerant containing 5 at |east 70%
by weight of R32 as the refrigerant, the sane operational effects as the
.above can be obtained. 20 CLAIMS: 1. Arefrigerating device circulating
R32 in a refrigerant circuit as a refrigerant to performa refrigerating
cycle, the refrigerating device conprising: 5 a conpressor (23) in the
refrigerant circuit; a first heat exchanger (22) serving as a condenser; an
expansi on neans (26); and a second heat exchanger (2) serving as an 10
evaporator, wherein a ratio mof an internal volune (Vout) of the first
heat exchanger (22) to an internal vauamg:Vin) of the second heat
exchanger (2) is set to be in arange of 0.7 < m<_1.5. 15 2. The

refrigeratiing devi ce pacGQdiiRg @ id@ Melsicavhargidhas e refrigatand, a
m xed refrigerant containing at |east 70% by weight of R32 is used.
refrigerant «circuit as a refrigerant to perform a
refrigerating cycle, the refrigerating device comprising:
5 a compressor (23) in the refrigerant circuit;
a first heat exchanger (22) serving as a
condenser;
an expansion means (26); and
a second heat exchanger (2) serving as an
10 evaporator, wherein
a ratio m of an internal volume (Vout) of the
first heat exchanger (22) to an internal volume (Vin) of
the second heat exchanger (2) is set to be in a range of
0.7 £m £ 1.5,
15 2. The refrigerating device according to Claim 1,
wherein
as the refrigerant, a mixed refrigerant

containing at least 70% by weight of R32 is used.



