DESCRI PTI ON . Al R CONDI TI ONER

TECHNI CAL FIELD 5 The present invention relates to an air
condi ti oner whi ch uses . an alternative refrigerant for
a hydr ochl or of | uor ocar bon base refrigerant HCFC-22, as a
refrigerant that circulates through a refrigerant circuit. 10 -
BACKGROUND ART Cenerally, an air conditioner conprises an
out door - unit equi pped with a conpressor, an outdoor heat exchanger,
a pressure reduci ng mechani smand the |ike, and an indoor unit

equi pped wi th an indoor heat exchanggmgcRi®ragdoor unit and 15 t he

I ndoor unit are connected to each other wth connection pi pi ng
conprising a gas pipe, a liquid pipe or the like, and t hereby a
refrigerant circuit is fornmed between the outdoor unit and the

~indoor unit. In such an air conditi I B@ﬂ I gerant S _
circulated in the refrigerant circ&ﬁ?ggy rﬁgpﬁghthe 20 . conpressor, and

t her eby heat e outdoor heat - exchanger is rel eased by
t he i ndoor hzgeﬁgigﬁgng%$£§o t hat heating operation is perfornmed, or

t her eby_heat absor bed the indpor - .. heat .exchanger_iLs released b
the outdoor heat exchaﬁégrpg%s?ﬂgtlnventlo%oroq 'antge%B:é)r g‘f‘i 3ﬁri%°rﬁ£]racfjtﬂfr}?é%.
- which uses an alternative refrigerant for

hydrochlorofluorocarbon base refrigerant HCFC-22, as a

refrigerant that circulates through a refrigerant circuit.

10 BACKGROUND ART
Generally, an air conditioner comprises an outdoor
g unit equipped with a compressor, an outdoér heat exchanger; a
preésufe reduciné mechanism and the liké, and an indoor unit
equipped with an indoor heat exchanger. The outdoor unit and
15 the ihdoor unit are connected to each other with connection
piping comprising a gas pipe, a liquid bipe or the like, and'
thereby a refri_gerant circuit is formed between the outdoor unit
and the indoor unit. In suchanair conditioner, the refrigerant
is circulated in the refrigerant circuit by driving the
20 compressor, and'thefeby heat absorbed bg'ﬁhe.outdoor heat
exchangerisreleasedbytheindoorheatexchangersothatheating
operation is performed, or thereby heat absorbed by the indoor
heat éxchanger is released by the outdoor heat exchanger so that

 cooling operation is performed.
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In thi's air conditioner, heat is transferred by

of the refrigerant as shown above, and thereby air

condi ti oni ng operation is enabl ed. Therefore, the rate of"

refrigerant
uni t 5

circulation expressed in refrigerant weight flow ng p
tinme needs to be increased or ,decreased depending on the air

condi ti oni ng power of. the equi pnent. Fbmever when t he

refrigerant

circulation rate is increased, | eavi ng the gas pipe

thickness as it is w thout changes woul d cause pressure | oss due

the gas pipe to increasgg gpd ga& idsasiio é’f‘dHe' %niﬂ&mer%% %tﬁgg&ﬂﬁd

| ower . On t
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o the gas pipe ncrease so that the air conditioning power
would lower. On this account, in this air conditioner, the

diameter. of the gas pipe is changed according to the refrigerant

circulation rate. For example, 'w_hen HCFC-22 ._co.nven't'ionally in

15

20

25

common use is used as the refrigerant, gas pipes having a diameter

of about 12.7 mm (hereinafter, referred to as "4/8-dia. pipe")

er

to

sed

or

it

as

is used in middle-sized and large-sized air conditioners whose -

refri-gerant circulation rate is about 100 kg/h (kilogram per
hour, likewise hereinafter) or about 150 kg/h or so. In

small-sized air conditioners whose refrigerant circulation rate

is about 60 kg/h or about 80 kg/h or so, gas pJ.pes having a diameter _

of about 9 5 mm (herelnafter, referred to as "3/8-dia. plpe")
are used. That is, it is a normal mode of application with use
of HCFC-22 as. the refrigeraﬁt that, a 4/8-dia. pipe is used as
the aforementioned gas pipe in middle-.sized. and large-sized air

conditioners whose rated cooling power is not less than 4.0 kW

as definedby "JIS C9612" of Japanese Industrial Standards, while



*:3-. a 3/8-dia. pipe is used as the gas pipe in small-sized air

condi tioners whose rated cooling power is less than 4.0 kW Then, by
e€hangi ng the di'aneter of the gas pipe accordlng to the air

condi tioning power of the air conditioner, ‘a reduction in 5 - pressure
foss is inplemented in the niddle-sized_%ﬂg | ar ge-si zed air ‘

conditioners, and construction work is facilitated in the
smal | -sized air conditioners. Besides, a cost reducti on S
inmplemented. It is noted that the cooling power as defined by "JIS C

9612" of Jaga@g@edg_%du%&é)leal sSt\?ép?ﬁ 4 {:ﬁ%eggst Dide LY smalclu@ltéet&/ O{r heat

(kW that is renove It ti romin when "a room a

condi t i OnercbﬁdEQQ ﬁQQSOQﬁégéegated coollnﬂ‘d ower is" 1 %%er%q%:ﬂidﬁ% 01%\7

demand for cost uctron PPl'Shers an
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'nall the "JIS C 9612" of Japanese Industrial Standards refers to a
10 "quantity of heat (kW) that is removed in unit time from indoors
when a room air conditioner is cooling operated'_'.

In recent years, a deinand'for cost reduction to air,_
c-:onditionei:s- and a demand for improvement in 'workablility have
been increasingmore andmore. Inparticular, the 4/8-dia. pipes

15 are di ffic_ult to bend by hand in installation, which makes a cause
of hindering the improvement in workability. However, only
making the gas pipe smaller in diameter would cause occurrence
of a proiolem that the pressure loss in the refrigerant circuit
increases with the result of lowered air condltlonlng power.

20- . - Meanwhile, since HCFC—22 conventlonally used as the
refrigerant has become a target of fluorine ;:egulation,
alternative refrigerants substituting for HCFC-22 have begun to
be discussed in various ways. However, there has been provided
no alternative refrigefant that shows physical property values

25 equivalent to or higher than the refrigerant HCFC-22 in all the
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- 4- aspects. Accordingly, which alternative refrigerant is
-appropriate for use is now under discussions, depending on the

“pur pose of use. 5 DI SCLOSURE OF THE | NVENTI ON ' The
present invention having been achieved to sol ve t hese and ot her

"di sadvantages of the prior art, an objecy of the invention is to

| npl ement -cost reduction as well as workability enhancenent whil e’
;avoi ding any decrease in the air conditioning * 10 power .

In order to achieve the above object, the present invention provi des

an air condiliopes. in WBbebaingel! | OGREER  alternft{vd trdfrd Qi by

connecting an out door unit and an’indoor unit to eac

communi cat a&%‘?f%i‘&é e 8 G5F 1ﬂ‘lcﬂérr dl%cuss%%ﬂi i Oé\égéﬁégllr%pcf‘rétﬁgad In

whi ch a hydr ocar bon base F'rigerant

t hr ough tng%)‘rueé#eg el AN rcuit so ‘that air conditioning operation

I's perfor et el h Cool i ng powelf is substantially not |ess than 4
kW and the gas pipe has an outer dianeter of substantially 9.5 mm
and a wall thickness of substantially 0.8 nm Wth

Itglr ;?c Piglﬂ5§¢f%%q}%ﬁ]?i:ar%¢mw¢?l ﬁg mpg\?vle(ra;jzi‘ Zggbg{ ant lally
Substantially ©.5 mmak %e%r?t Aifaiide nayine Bell ST IR e

thus smal| e‘v:thelsne %In S ﬁért 1sa _antpaé)es of the prior art, an object of the

invention is to implement cost reduction as well as workability
enhancement while avoiding any decrease in the air conditioning
10 power. |

In order to achieve the above object, the present
invention  provides an air conditioner in which a réfriger_'ant
circuit is formed by conﬁec.t:ing an outdoor unit and .an indoor
unit to each other with communication piping including a gas pipe
15 and .a liquid pipe, and in which a hydrofluorocarbon base
refrigerant R-410A is circulated through the refrigerant circuit
so that air conditioning operation is performed,'wherein cooling
power is substantially not less than 4 kW, and the gas pipe has
an outer dlameter of substantially 9.5 mm and a wall thlckness_

20 of substantlally 0.8 mm. |
With this constitution, the air conditioner is a
middle-sized or large-sized air conditioner having a cooling
~ power of substantially not less than 4 kW, and the gas pipe has
an outer diameter of substantially 9.5 mm and a wall thickness

25 of substantially 0.8 mm, thus smaller in diameter than gas pipes



-5 : connDnIy used when the hydrochl orof | uorocar bon base

refrigerant HCFC- 22 is used. Therefore, it becones possible to wor k
by hand wi th the conmuni cation piping conprising the gas pipe, the
liquid pi pe and the like, so that the workability enhancenment is 5
achi eved. Further, cost reduction is %fhleved with the '
downsi zing of the gas pipe. In this case, the hydrofluorocarbon : base
refrigerant R-410A. large in volunetric power than the HCFC- 22 i s
used as the refrigerant to be circulated through the refrigerant

: » . : _ .
Coduct i on_ o ChftoRl ﬂﬁéﬁfﬁ‘%ﬁ55%p$2§§§'5ﬁ§%%8?%%€*‘&a9@°n bg%%eéé‘frid%é{"a‘*éér
d to th I
accor ding toHER SeE AERBe "Rigtidtore, it becones possiBIETEA MY ¥rafbarr. ty
enhancenent gt oyl 4B ALLE o wigieh e&rrerzleswgegfsﬁtg% RO b T ges
dit whi_ch _ f d b

connect i ng oRLBE: AG6: 'rﬁrﬁerlaﬁe DRo s B WBRkaBih Thi srhanghient s

t I d d
whi oh a5y SFRLBYBar boR bHAEE £ ofthedor %%9%” %‘aA':?s‘s“ 2sBi8%eg Tten dipe "
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than 4 kw nd t he e has %% 0 . flanet er of substantially
7.9 mm and a*%@f| e F&fqggggtoﬁ-‘l A tHht Vot PeBr§C pipwer than the

HCFC-22 is used as the refrigerant to be circulated through the
refrigerant circuit, so that any increase in preseure loss due

10 to the diameter reduction of the gas pipe is suppressed and that

: temperature loss due to the pressure loss is reduced.
Consequently, accordlng to this 1nventlon, further
eost reduction and workablllty enhancement are achleved while
decrease in the air conditioning power is avoided.

15 . Also,. the present invention provides an air
conditioner - in which a refrigerant' circuit is- formed by
connecting an outdoor unit and an indoor unit to each other with
communication piping including a gas pipe and a liquid pipe, and
in which a hydrofluorocarbpn base refrigerant R-410A is

26 circulated through .fhe .refrigeraht eircuit so lthat air
conditioning operation is performed, wherein cooling power is
substantially less than 4 kW, and the gas pipe.has an outer
diameter of substantially 7.9 ﬁm and a wall thickness.of

substantially 0.8 mm.



- 6- Wth this constitution, the air conditioner is a
‘smal | -sized air conditioner . having a cooling power of

-substantially less than 4 kW and the gas pipe has an outer - dianeter
of substantially 7.9 nmand a wall thickness of 5 substantially 0.8
nm thus snaller in dianmeter than gas pLRes : commonl y used when the
‘hydr ochl or of | uor ocar bon base refrigerant - HCFC- 22 is used. Therefore,
it becones possible to achieve wor kabi | i ty enhancenent and cost :
reduction. In this case, the refrigerant R-410A larger in volunetric

power than the HOFC- wifh th32 icoratasiolle 16l M heusr @dhdieiBRes! naul 4t ed
t hrough the refrigerant circuit, so that increase in pressure |oss

due to smaibesﬂzéaetsirreé&ﬁaiefbﬂért hga @Sy Pi Pe dSoBURP! ﬁéo%@'éic angk t hat

tenperature | oss due to the pressure loss I1s reduced. Thus,

d d 1 th
ecrease '”sﬁhét&ﬂ@ﬂéil?”l@gspﬁﬂﬁﬁ hskﬁvobﬂa the %aimgépﬁ has a 4?5&ter €

present I nventi on pr ovid condi

refrigerantyelpcpbl iof f&%@é&any 7.900FCLLAY a’ha?ﬁ d‘ERE Fﬂéésa’b‘t an

i ndoor unit to each other onnunlcatlon pI p I nc I'ng a gas
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RICEC 22 25work§§1i{%§rEﬁﬂgﬁgaﬁgﬂt and cost reduction. In this case, the

refrigerant~R—410A larger in volumetric power than the HCFC-

10 22 is used as the refrigerant to be circulated through the
refrigerant circuit, so that increase in pressure loss due to
the diameter reduction of the gas pipe is suppresSedhand that

'temperature loss aué to the;pteséuré loss is reduced. Thﬁs, any -
decrease in air conditioning power is avoided.:

15 o 'Also, the present invention provides an air
conditioner in which a refrigerant circuit is formed by
connecting an outdoor unit and an ihdoor unit to each other with
communication piping includihg a gas bipe and a liquid pipe, and
Jxxwhlch.an.alternatlve refrigerant substitutive for HCFC-22 is

20 c1rculated through the refrigerant c1rcu1t S0 that air
conditioning operation is performed, wherein the alternative |
refrigerant is R-410A, and a gas pipe forming part of the

- communication piping is smaller in diameter than a gas pipe which
is used in a normal mode of applicatioh.with use of the HCFC-22

25 as the refrigerant.



*:7-' Wth this constitution, R-410A is used as the

.refrigerant to be circulated through the refrigerant circuit, while-
fhe gas pipe is nmade smaller in dianmeter than gas pipes whi ch are
used in a normal node of application with the use of 5 HCFC-22. This
R-410A is equivalent to HCFGC-22 in ternms of air condi tioni ng power
for refrigerant circulation rate as shown in Fig.. 4. Its volunetric
power is about 140 on the basis that HCFC-22's .is assuned as 100.
Therefore, for air conditioners havi ng the sane air conditioning

power, increases in pk rewns L0 ' Vol ®ve h a I pe
to be used is smaller vﬁﬁ&ij Enis df%ﬁé?gﬁuiﬁ%gﬁ'that dt?\F/ E"‘*&L‘i‘%ez& asiotne

e e A ob ot T SR T I

reduction a nhancenent ~are ach “decreaSes
1 anenbod e, CPReI4 PiBRAHE By TRdtfer th qitmeter than sas REPEIG! oo
Srandards | $HgR pessUErdri b nomal negs,Ra erellat BRI Wikielee,
207" B ge RGPSl TobRATHIAS SeiTadBRES thateeia2 p Rt &5E O
O e o A R L ORISR LB lELeR8 A% shop LB
makes it possible to ggsna ual bendin%?monk even

LLh . he.
m ddl e- si zed i@hd 4-ar §&5 V?EHmQFFlEoHB Foh8r§?°§8m@%§t°PhEhezéa§¥s that

workability is even further enhanced, . .
yHCFC-22's is assumed as 900. Therefore, fqr alr conditioners

having the same air conditioning power, increases in pressure
10 loss is avoided even when the gas pipe to be used is smaller in
diameter than that for HCFC-22. Consequently, according to the
present invention; further.cost.redugtion and workability
'ehhancéménf are écﬁievéd while decreases in the air conditiohing
poWer is avoided.

15 Further, in.én embodiment, the air conditioner is
| characterized in that rated.cooling power as defined in "JIS
C 9612" of Japanese Industrial Standards is not less than 4.0

kW and the gas pipe has a diameter of about 9;5 mm,
With this constitution, for middle-sized and
-26 lérge—sized air conditionefs, if becomes possible-to achieve
cost reduction and workability enhancement without decreasing
the air conditioning power. In particular, using a 9.5 mm-dia.
gas pipe makes it possible to do manual bending work even with
the middle-sized and-large—sized air conditioners, so that tﬁe

.25 workability is even further enhanced.



© 8- Furthernore, in an enmbodi nent, the air conditioner

1S characterized in that rated cooling power as defined in " JISC
9612" of Japanese Industrial Standards is less than 4.0 kWand ~ ' the
gas pipe has a dianmeter of about 7.9 mm 5 _ Wth this
tonstitution, for small-sized air _g_ conditioners, it becones
possible to achieve cost reduction as well as workability
enhancenent w t hout decreasing the air condi tioning power. 10
BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1is a schematic
arrangement vi ews showngrdimore, in @AERbEAShehbB 13 ai?%ﬂdﬁﬁ‘%fner is
according to the present I nventi on; 2 a

refrigerant cﬁhﬁ:%#'téﬁ%éari‘ﬁ‘ t¥at Netald cbo%ghng potdkt éQrIf‘egfﬁY&erf mJ'f”sgc L

Fig. 3is agrap ow ng the relation rigerant

circulation rsg?‘?' 88 dJ%’éfﬁéé‘é eIr{&lIQ‘sstﬂsalV\%ltlanﬁ%trhgels less E}Falr?‘%' O kReL

~circulation rrper ature conversi-o essure ‘I'oSs w

respect to %%r'ﬁég gﬁé?phgg 9'8g§h8£8r 89dabg9t Fig. 4 s a

graph show i on betmeen rculatlon fate and air

condi ti,oni ng power - w espect al ternatiye refrd ant .
R-410A%and the refri g&ﬁ&?ﬁ cgngtlt“tm%e Tobor T3 SHIFAG TFF THE
| NVENTI ON conditioners, it becomes possible to achieve cost reduction as

well as workability enhancement without decreasing the air

conditioning power.

10 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic arrangement views showing an
example of . the air _conditidner according -to the'.present
‘invention; | o |

- Fig. 2 is a refrigerant circuit diagram in the air
15 conditioner shown in Fig. 1;

Fig. 3 is a graph showing the relation between
refrigerant circulation rate and pressure loss as well as the
relation between circulation rate and temperature éonversion of
‘pressure loss with respect to various gas plpe dlameters, ‘and

20 : FJ.g. 4 is a graph showing the relatlon between.
circulation rate and air conditioning power with respect to the.

alternative refrigerant R-410A and the refrigerant HCFC-22.

BEST MODE FOR CARRYING OUT THE INVENTION



29- " | Fig. 1 is a schematic arrangenent views of an air

«condi ti oner which is an enbodi nent of the present invention. Fig. 2
is a diagram show ng a refrigerant circuit of the air condi tioner.
As shown in Figs. 1A and 2, this air conditioner 5 ° conprises an
outdoor unit 5 internally equipped W th_a conpressor 1, an outdoor
heat exchanger 2 and a capillary tube 3 (or m)tor-operat ed val ve),
and an indoor unit 6 internally equipped wi th an i ndoor heat
exchanger 4. The outdoor unit 5 and the indoor unit 6 are connected

to each other with cogpni qatiOn, Piphd&eh éﬁangéng&hﬁ Ea(gj_as R pe,16

and a liquid ptpe 17 as shown in Fig. B, y a re rigerant

circuit is %ehﬁ?.%’loﬁgrs g‘.‘\L@h' BsFLE- embodimeRt ofn t %éggntr Veittsn .

numeral 11 not es an 1 ndoor rennte contro € used for a user to

C_Ont rol theﬂgr %O'ig'é 85".3% show1ng 'efriﬁﬁréﬂe\é\?lfguﬂ: gof hén %%I S

air condition arge p pe a and a Sy I on

Soressor hefitioner, AL Bfff@'a VEe AP B R a%%%%a 9%%‘%"’ e
= Toop® cowaeaesé%ﬁgﬁﬁﬁg?¥3f%ﬁ i T LA ?%Iﬁé‘l?é‘ Rfoia
PLPe 20, 3% SRFR ALl SRR e SORRREB5R PLE % 0TI
Tod 15 fornBAcEy bﬁ%réh%dp‘?ﬁév%”a%%t ﬁﬁ%ﬁfﬁﬁlﬁiiﬁ ﬁ%%%a%aé,ly eauipfed®
addition. reference qureral, o denoles, a1 ACUTM L0 1nd? s anBRl S N 2

view to preVé

unit 6 are connected to each other with communication piping 18

10 including a gas pipe 16 and a liquid pibe 17 as shown in Fig.
1B, and thereby a refrigerant circuit is formed, as shown in Fig.

2. In addition,_ reference numeral 11._denotés an indoor remote
control'tc'J be uséd for a user to cohtroi the air con'd-itioner.'

As shown in Fig. 2, in this air conditioner, a

15 discharge pipe la and a suction pipe 1b of the compressor 1 are
connected to _'a four-path switching valve 10, and to this foﬁr’—path
switching valve 10 are connected fhe outdoor heat exchanger 2 ,-

the capillary tube 3 aﬁd the indoor heat exchanger 4 in a loop

form sequentially with é first gas pipe 19a, a first liquid pipe

20- 195, a secbnd liquid pipe 196 and Ia second gas pipe l.9d.. Then,
part o_f_ the second liquid pipe 19c is formed by the iiquid pipe

17 of the communication piping 18. Also, part of the second gas

pipe 19d is formed by the gas pipe 16 of the communication piping

18. In addition, reference numeral 9 denotes an accumulatér

25 provided with a view to preventing liquid compression in the



- 10- conpressor 1. Further, reference nuneral 7 denotes a liquid
-.cl osing valve and 8 denotes a gas closing valve, each of the valves

being provided with a view to preventing refrigerant | eakage in -

pi pi ng wor k. 5 - In this air conditioner, heating operation or
cool i ng operation is perforned baggd on a command fromthe renote
control © 11. For the heating operation, the four-path swtching valve
10 is switched to the state of broken Iine shown in Fig. 2, so t hat
the refrigerant is circulated fromthe conpressor 1 10 sequentially to

the indoor Bgabr&3§6ANYEI FutthdPe FéPélérdd heral 7 derotfdd a liquid
not or - operated valve) and to the outdoor heat exchanger 2, causing

the indoor BegLif¥<AaReCind slderdticd bOLAE1Es £FANIANNE] each of tREVALHES
causi ng the outdodr heat exchanger 2 to function as an evapor at or.
Then, heat q&dﬂ &1 Qut - g : roran Leased.into
the room vi ggtiﬁé re ‘gl}%%a%'a%? Hs%qﬁ]eg? %ﬁ]g éGQﬁEQﬁ?err%%;zﬂe&fa éi t?%é?gg@té hgnroom
i s increase eby heating operation is effected. For the
cool i ng opeg%??ﬁ‘g,%gﬁﬁt he ot her hand, the four-path sw tching valve
10 is gwitched to the

t Eer eb? t Ee Lef riger ar]iﬁtﬁ{sfs ?&r Co%@%%%%%]g’dHe%%'tiﬁgoﬁ%%%{%rggﬁz%%@gnngt 0
t hat t t] . i i j
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t ti ' d . .then, [ o
el cased out For G HRETIYnHREHS Ve e qerBR Pabt: mufeihing SFEhYE ur e

i nsi de

10 is switched to the state of broken line shown in Fig. 2, so
that the refrigerant is | circulated from the compressor 1.
10 sequentially to the indoor heat exchanger 4 to the capillary tube
3 (or motor-operated valve) and to the outdoor heat exchanger
2, causing the indoor_ heat exchangef_4 to function as a~condelns‘er o
and aléo céusing the outdoor heaf éxchangér 2 to function as an
evaporé.tor. Then, heat absorbed by the outdbor heat exchanger
15 2 is released into the room via the refrigerant so .that the
temperature inside the room is increased, and thereby heating
operation is effectéd. For the cooling operation, on the other
hand, thé four-path switching valve 10 is switched to the state
of solid lj.ne- shown in Fig. 2, and thereby the refrigerant is
20 circulated in the o;;posité -direction to fhat of thé hea;ting
operation, causing the indoor heat exchanger 4 to function as.
an evaporator and causing the outdoor heat exchanger 2 to function
as a condenser. Then, heat absorbed in the room is released out
of the room via the refrigerant so that the temperature inside

25 the room is decreased, and thereby cooling operation is effected.



"~ 25 the roomis decreased, and thereby cooli ng' operation is effected."

.As the refrigerant to be circulated through the refrigerant circuit,
.an alternative refrigerant R 410A to ~substitute for the ' '
hydr ochl or of | uor ocar bon base refrigerant : HCFC-22 is used. This
alternative refrigerant R-410A is a m ng _5 refrigerant in which
hydrof | uorocarbon base refrigerants HFG % and HFC- 125 are m xed at
a ratio of 50 : 50, and has an ozonosphere destruction factor (ODP)
of "0" (UNEP Synthesis Report 1991) and therefore is usable as an

alternative refrigerant fgle H%@igaezi“snt to BeS Arlcan Rkl & HiudrieEaat

R-410A is one of thosée superior as an alternative refrigerant also
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Fig. 3 is a graph show t.h | ati bet . I
ot B Sho g e 51 oL 00 BELYREDe coer ol 98i2Bbc-22.

This alternative refrigerant R-410A is one of those superior as

10 an alternative refrigerant also in being a pseudo-azeotropic
‘refrigerant while being a mixed refrigerant, in being
nonfl_ammable, in being _e_xtre_mely low in toxicity and the’.like..

FJ.g 4 s'how.nrs'the rellation between circulation rate and
air conditioning power with respect to the refrigerant HCFC-

15 22 and its alternative refrigerant R-410A. As shown in Fig. 4,
the refrigerant HCFC-22 and the alternative refrigerant R-410A
are generally equivalent to each other in air conditioning power
for various refrigerant circulation rates. Accordingly, forair
conditioners having the same air conditioning power, the

20 | refrigera:lnt cir;::ﬁlation rate does not need to bé changéd between |
| a case in which the refrig_erant HCFC;22 is ﬁsed and another case
in which the alternative refrigerént R-410A is used.

Fig. 3 is a graph showing the relation between
refrigerant circulation r.ate and pressure loss as well as the

25 relation between circulation rate and temperature conversion of



25 rel ation between circulation rate and tenperature conversion of

~-12- pressure loss with the use of gas pipes of different

di anmet er s. In this case, outer dianeters of 2.5/8-dia., 3/8-dia.

4/ 8-dia. - pi pes used to determ ne those relations are. 7.9 nm (2.5/8
f nch), 9.5 nm (3/8 inch) and 12.7,gm (4/8 inch), respectively, and
their 5 wall thickness is 0.8 nnlan& length is 5 m In addition,
-measur enent of the.above relations was perforned with a gaseous
refrigerant. . . As shown in Fig. 3, with the sane refrigerant
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pressure |l o than t I ger ant ecause, on the
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vol unetric power of t ternative refrigeran
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t he tenperatu conve§5| on - value (e.g., 8[err]C) of pressure |oss of
the refri gelrz?rjl-:ﬂ: Consequently, even with the sane pressure

| oss, the alternative

As shown in Fig. 3, with the same refrigerant -
circulation rate, the alternative refrigérant R-410A shows a
10  smaller pressure loss than the refrigerant HCFC-22. This is
because, on the basis that volumetric pewer of the'refrigerant
HCFC-22 is 100, vo;umetric:power of the alternative-refrigerapt'
R-410R is about 140, higher than that of the refrigerant HCFC-22,
as described abeve, so that with the same refrigerant circulation
‘15 rate, use of the alternative refrigerant R-410A results in a
| smaller‘volume then use of the refrigerant HCFC-22. Also, in
a comparison of temperature cenversion of pressure loss between
the refrigerant HCFC-22 and the alternative refrigerant R-410A,
for the same pressure loss (e. g., 150 kPa), the temperature
20 conversion value (e g., 5° C) of pressure loss of the alternatlve
refrigerant R-410A is lower than the temperature conversion
value (e.g., 8°C) of pressure loss of the refrigerant HCFC-22.
Consequently, even with. the same pressure loss; the alternative
refrigerant R-410A ie smaller in temperature loss due to pressure

25 loss than the refrigerant HCFC-22.



‘refrigerant R-410A is smaller in tenperature |oss due to pressure 25

loss than the refrigerant HCFC 22.

13- : Therefore, in this enbodinent, when ‘the air
conditioner is a mddle-sized or |arge-sized air conditioner havi ng
a rated cooling power (JIS C 9612) of.nq_3Less than 4.0 kKW i.e.,
for exanple when the refrigerant circulati"on rate is 5 about 100 kg/h
or about 150 kg/h or so, a 3/8-dia. pipe having an outer. di ameter of
about 9.5 mMmis used as the gas pipe 16 of t he conmuni cation pi ping

18. Al so, when the ai r_ThCe%dfioLri(e?lngriﬂs thi% 9%?8%&?@ Ze‘gﬂ%r4£8§3\i] ta:iggfar

havi ng a rated cool i ng power éss
for exanpl ewheni.he refri.gerant, 10 __ .. ciycul ation r I s .about 60.ka/h or
bbout 80" ko PR e el 1 Mgk ojaRd G Hardd-£RRd 2130 B8haIR St |
about 7.9 .S _used . the gas pj 6 he_.co ni cati.on pi pin
18. In addi tYOHR9 @ rate?h%?gfh%gr cﬁ'é (F:)(Jd’gi%l #ggggaér.oifsn?fe e55 hap 8@Wg
neans t hat , coolin ower according.to Attachnment 1 of "JIS,C
0612.1004" & dze.s SERRADIG e the Sapharnaht EIHENatiah st or
racti cal . In.the air cangdjtjoner ,constituted
bs descti bedbaity 00 ka/h ox abopt 154,k9(B BF $he ot cn PIRePAVIGI1S
is smaller in di anget er hnth‘eg\ as pj e(ACf{)S-d'ga. i pe jin the
i ddl e- si ze@n syter digmeter Rf & arr ™ 5 A6 RSy he Pipe 14 gf
pipe in smal | -sized air conditioners) to be used in a normal node
of aﬁ%ﬁ EQMURAL GREROR HRE-RARF a&hl o@%??udﬁ%’aFBSnab’és‘@qdéﬁjicﬁ@rrahﬁ

HCFC-22 is used as the refrigerant. Therefore, the workability
a small-sized air conditioner having a rated cooling power (JIS.

C9612) of lessthan 4.0 kW, i.e., for example when the refrigerant

10 circulation rate is about 60 kg/h or about 80 kg/h or so, a

2.5/8-dia. pipe havirig alﬁ outer diameter of about 7.9 mm is used

as the gas pipe 16 of the ;:ommunic_ation piping 18. ‘In addition,

that the rafed_cooling power is -le‘ss than 40 kw m_éans that the

cool'ing power accordihg to Attachment 1 of "JIS C 9612-1994" of

15 Japanese Industrial Standards is less than 3.8 kW for practical
use. |

In the air conditioner constitui:ed as described above,

the gaé -pipe 16 of the communication piping 18 is smaller iﬁ

-diamete;' than the gas pipe (4_/8-d-ia. pipe in the middle-sized

20 and large-sized ‘-air c.oﬁditioner's, and 3/8-dia. pipé in

small-sized air conditioners) to be used in a normal mode of

application when the hydrochlorofluorocarbon base refrigerant

HCFC-22 is used as the refrigerant. Thérefore, the workability

for field installation work or the like is even more enhanced.

25 Also, a total cost reduction becomes achievable with the size



“for field installation work or th.ell | ke is even nore enhanced. 25 Al so,
.a total cost reduction becones achievable with the size

~14- reducti on of the gas pipe 16. In particular, even in

m ddl e-si zed and | arge-sized air conditioners with the rated cool i ng
power (JI'S C 9612) beyond 4.0 kW a 3/8-P'a. pi pe is used to
constitute the air conditioner, enabl i ng” fanual bending work 5 of the
comuni cation piping 18, so that the workability for m ddl e-si zed and
t arge-sized-air conditioners is further enhanced. Still, because the
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refrigerant = substitutive for . the hydrachl or of |, uor gcar.bon
base refrigdigddleqeieedy anrd degdgssiged air %ﬁw t&sbeg‘?ﬂ: ReF at ed

t hrough the refrigerant circuit, . .
enhanced. Still, because the alternative refrigerant R-410A to

be used as the refrigerant is larger in volumetric power than
the refrigerant HCFC-22, there occurs no considerable increase
10 in pressure loss even if the gas pipe 16 is reduced in diameter
as shéwn above. Further, the alternative refrigerant R-410A is
lower in temperature .coriversion value of pressure loss ‘and
smaller in téﬁﬁerature loss dﬁe to préssure loss than fhe
refrigerant HCFC-22. Bj those advantages described above,
15 according to this embodiment, any decrease in air conditioning

power is avoided.

INDUSTRIAL APPLICABILITY
The air coriditione: of the present invention, inwhich
20 an alternative refrigerént sub;;titutive . for "the
hydrochlorofluorocarbon base refrigerant HCFC-22 is used as the
refrigerant to be circulated through the refrigerant circuit,
is capable of achieving improvement in workability as well as
further reduction in cost while avoiding any decrease in air

25  conditioning power.



“I's capabl e of achieving inprovenent in workability as well as '
further reduction in cost while avoidi ng any decrease,Lg_gLiﬁ_gﬁﬁ_‘ekAL&B
condi tioning power.

1. An air conditioner in which a refrigerant CI

formed by connecting an outdoor unit (5) d an i ndoor m"“””ﬂ"’”m””,um
each other w th comuni cati on pi ping (18?' ncl udi ng a dgas “pi pe »

and a liquid pipe (17), and in which a hydrofl uorocarbon base
refrigerant R-410A is circulated through the refrigerant circuit so’
that air conditioning operation is perfQr - wherein

cooling power is substantially not |ess 4 kW and 10  the gas pipe

(16) has an outer dianeter of substantially 9 5 mm and a wall
t hi ckness of substantially 0.8 nm An air conditioner in

which a refrjgerant ciycuit is |n an out door unit
(5) and an indoor uni tAI{ GLT ‘.E@ndlt{'%n%’éc‘ﬁl (‘Sg‘r}é% e fhTdE dishg
(18) including nd a (17),, and jn which
O ar ol o ey coﬁnecsage T tg@%%fmﬂetﬂ%h qprgf &y LPaPE I didh
the refrigerant ircuit so that air conditioning operation is

per formed, weearh other with C°munlq,ad'(31qfh§1%’i7kﬂr“18§ LRpLEGRY & 995 Ripe

than 4 kW and the 20 as. pip \‘\élG) has an quter dianmeter of
substanti al | {167 @T’Mnaallfélquld pPipg Gaf) t%’i“ék%s‘@ﬁfh %M@tﬂ&ﬂrﬁca@b@%ﬂ

base refrigerant R-410A is circulated through the refrigerant
circuit so that air conditioning opera_tion is performed, wherein
cooling power is substantially not less than 4 kW, and

10 the gas pipe (16) has an outer diameter of substantially 9.5 mm

and a wall thickness of substantiall-y 0.8 mm.

2 .' | An air céhditioner in which al refrigerant dircuit is
formed by cdnnecting an outdoor unit (5) and an indoor unit (6) |

15 to each other with communicat_ion piping (18) including a gas pipe
(16) and a liquid pipe (17), and in which a hydrofluorocarbon

base refrigerant R-410A is circulated through the refrigerant
circuit so that air conditioning operation is performed, wherein
cooling power is substantlally less than 4 kW, and the

20 gas pipe (16) has an outer dlameter of substantially 7.9 mm and

a wall thickness of substantially 0.8 mm.

3. An air conditionel_f in which a refrigerant circuit is
formed by connecting an outdoor unit (5) and an indoor unit (6)

- 25 to each other with communication piping (18) including a gas pipe



3 An air conditioner in which a refrigerant circuit is
formed by connecting an outdoor unit (5) and an indoor unit (6) 25 to

each other with communication piping (18) including M

- 16- - (16) and a liquid pipe (17), and in which an alternati
refrigerant substitutive for HCFC-22 is cul at ed t ,Lfy I,

refrigerant circuit so that air condltlorcﬁllérrlg operat i mﬂ I,” ””'I”U,!I
perforned, wherein 5 the alternative refrlgerant"lsﬁ .
and a gas pipe (16) . form ng part of the communi cation piping (18) S

[ d |
o™ e npfln e Lt AR DS Oy ?f'%‘:'c réﬁe,a&ﬁgrrﬂ%tlyed
4, : T 3
cool :jngdpomeqfe’ﬁif%ée%}*n“eﬁ“ggﬂfiﬁ%f%é%@%ﬁ?ﬁk?ﬁé reiilatea throuan ;  Ehe
glt :ge?;rso:‘ a%ﬂtltgl%%g‘tt éfréluq-s g\éan&’&t “aif Ty é’n%lltlﬁ’&’r&gt |?§h%?a%s&:‘gr deng

to Claim 3, ed cooI i ng power as defined in "JIS C 9612" of
Japanese nd&dtrl ajlerggg‘ndar ds is less than 4.0 kWand the gas pipe

1 h i
(16) 5 as a di am':‘tth a?%erbojﬁllve refnmgerant is R-410A, and a gas pipe
(16) forming part of the communication piping (18) is smaller
in diameter than a gas pipe which is used in a normal mode of

application with use of the HCFC-22 as the refrigerant.

10 ‘ 4, ' The air conditioner according to Claim 3, wherein
rated cooling power as defined in "JIS C 92612" of Japanese
: Industrlal Standards is not. less than 4.0 kW and the gas pipe
(16) has a diameter of about 9.5 mm.
15 5. The air'conditioner according to.Claim 3, wherain
rated cooling power as defined in "JIS C 9612" of Japanese-
Industrial Standards is less than 4.0 kW and the gas pipe (16)

has a d1ameter of about 7.9 mm.



