-1- AIR CONDI TIONER TECHNI CAL FI ELD The present invention relates to air
conditioners, and 5 in particular, to an air conditioner that enploys a
flammabl e refrigerant (including slightly flamable refrigerant, this

hol ding . true throughout this specification). 10 BACKGROUND ART I n recent
years, there has been proposed an air fonditioner that enploys a flammuabl e
refrigerant of R32 or the like as an affernative refrigerant substituting
for R22. In the air conditioner that enploys this kind of 15 fl anmabl e
refrigerant, there is concern about an accident such that the flammble

refrigerant |eaks fromthe insi o) I unit or a refrigerant pipe
(connecting pipe) connected toqg % %%@@%?Egﬁﬁg to the outside, causing a

fire or generating a toxic gas due to deficiency of oxygen and 20 thernal
deconposition (referred to as an "accident of a fire or the like").

However, it | (. ffi to say that conventional air conditioners have
t aken sufﬁ#%#ﬁﬂ&ﬁﬂéééiﬁ agai nst the case of flammable refrigerant | eak.
252 e present invention relates to air conditioners, and
5 in pafticular, to an air conditioner that employs a
flammable refrigerant (including slightly flammable

refrigerant, this holding . true throughout this

specification).

10 BACKGROUND ART
In recent years, there has been proposed an air -
conditioner that employs a flammable refrigerant of R32 or
the like as an alternative refrigerant substituting for
R22. In the air conditioner that employs this kind of
15 flammable refrigerant, thefe is concern about an accident
such that the flammable refrigerant leaks from the inside
of an indoor unit or a refrigerant pipe (connecting.pipe)
connected to the indoor unit to the outside, causing a fire
or Jgenerating a toxic gas due to deficiency of oxygen and
20 thermal decomposition (referred to as an "accident of a
fire or the like").
However, it is difficult to say that conventional air
conditioners have taken sufficient measures against the
case of flammable refrigerant leak.

25




DI SCLOSURE OF THE | NVENTI ON Exanpl e enbodi nents may provide an air
condi ti oner capable of preventing the accident of a fire or the 1|ike even
in the case of flanmable refrigerant |leak. In accordance with a first
aspect of the present invention, there is provided an air conditioner
enploying a flammable refrigerant, conprising: a sensor that is provided
on an external surface of an indoor unit and detects a flammable
refrigerant gas, wherein the indoor unit is of a floor type, and the
sensor is provided in a |ower portionZof a casing of the indoor unit and
faces the outside of the casing. The air conditioner of exanple enbodi nents
is provided with the sensor that is provided on the external surface of
the indoor unit and detects the flammable refrigerant gas. Therefore, when
t he flameblEFRIUREQRMHE IMWENTIOYmM t he refri gerant pipe (connecting

pi pe) connected to the indoor unit into a roomor when the flanmable
refrigerant thdt*HeRleegRbedinsindes ttheyi pdooridemianf kdus coaditthersut si de of
t he i ndoor unit_through a gap of the casing, then the refrigerant that has
| eaked anf3RRN I e@®icaRrBEENgengct Blde bpathederhs?f Fhefefer egri tthis
enabled to jssue a warning based on the output of the sensor or shut off
the refri'gefantVerr dii tthascaseesdl £larmabaeciraénigerant fleak. or the |ike

can be prevented. , _
In accordance with a first aspect of the present

invention, there is providéd an air conditioner
employing a flammable refrigerant, comprising: a sensor
that is provided on an external surface of an indoor unit
and detects a flammable refrigerant gas, wherein the
indoor unit is of a floor type, and the sensor is provided
in a lower portion of a casing of the indoor unit and
faces the outside of the casing.

The air conditioner of example embodiments 1is
provided with the sensor that is provided on the external
surface of the indoor unit and detects the flammable
refrigerant gas. Therefore, when the flammable refrigerant
leaks from the refrigerant pipe (connecting pipe) connected
to the indoor unit into a room or when the flammable
refrigerant that has leaked inside the indoor unit flows to
the outside of the indoor unit through a gap of the casing,
then the refrigerant that has leaked and gasified can be
detected by the sensor. Therefore, it is enabled to issue
a warning based on the cutput of the sensor or shut off the
refrigerant circuit. As a result, the accident of a fire

or the like can be prevented.




- 2a In a second aspect of the present invention, there is provided an
air conditioner enploying a flammable refrigerant, conprising: a sensor
that is provided on an external surface of an indoor unit and detects a
flammabl e refrigerant gas, wherein the indoor unit is of a ceiling
recessed type, and the sensor is provided in a |lower portion that bel ongs
to a casing of the indoor unit, is exposed on an external surface of the
casing, and faces the reverse side of a ceiling board. In a third aspect
of the present invention, there is proevidded an air conditioner enploying a
flammabl e refrigerant, conprising: a sensor that is provided on an
external surface of an indoor unit and detects a flanmable refrigerant
gas, wherein the sensor is arranged in an opening located in a |ower
portion of the Fasingesfortheaspadioorfunite phessehsdmveattesorhot hheutesi de
and inside of the casing, and detects a flammble refrigerant gas [|eaked
to the outsfdePapdifndi denofathe dambioriamds . duplaoyiiogrt b aspentablet he
present invention, there is provided an air conditioner which is provided
with an |BebBEIeRIRt housitRgialheat aexadreamertiaad asf @rdwisiede en &asi ng
thereof that has an inlet port and an outlet port, rotates the fan and
fl ows the $¥epiadl esvefafgepfinen ihdoughunhe hedt dexehtager fdlaminagle
operation, performng

refrigerant gas, wherein the indoor unit is of a ceiling

recessed type, and the sensor is provided in a lower

portion that belongs to a casing of the indoor unit, is

exposed on an external surface of the casing, and faces

the reverse side of a ceiling board.

In a third aspect of the present invention, there is
provided an air conditioner employing a flammable
refrigerant, comprising: a sensor that is provided on an
external surface of an indoor unit and detects a flammable
refrigerant gas, wherein the sensor is arranged in an
opening located in a lower portion of the casing of the.
indoor unit, the sensor faces both outside and inside of
the casing, and detects a flammable refrigerant gas
leaked to the outside and inside of the indoor unit.

In a fourth aspect of the present invention, there
is provided an air conditioner which is provided with an
indoor unit housing a heat exchanger and a fan inside a
casing thereof that has an inlet port and an outlet port,

rotates the fan and flows the flammable refrigerant

through the heat exchanger during operation, performing




- 2b heat exchange between air taken into the casing through the inlet
port and the flanmable refrigerant, and blows out the air that has

under gone the heat exchange to the inside of a roomthrough the outl et
port, conprising: a sensor that is provided on an external surface of the
casing and detects a flammable refrigerant gas; and a control section for
executing control to rotate the fan when the sensor detects the flammble
refrigerant gas, wherein the indoor unit is of a floor type, and the
.sensor is provided in a | ower porti6n2€f%a casing of the indoor wunit and
faces the outside of the casing. In accordance with a fifth aspect of the
present invention, an air conditioner, which is provided with an indoor
uni t housing?g Qe t_exchanger and a inside a casing thereof that has

an inlet port-and i ut ﬁﬁﬂtﬁlrrgﬁl1 ¢ Hve Hi&n CaAd FI GRECVAR FRanmabl e
(el L2en oDl oM 0 PR SXGRAEL, dueing oneralon, BSLIolog heat
(| ambLe £G4 LOEE 2 P Ol Rt tbe Sl sk Paggundstogne (e nea
Pl ammbl o 127 F98ePhint gaeon ankER Shonrol CBEFt oRorr exBRIT T Cortr ol To-
rotate theééﬁgbr that is provided on an external surface of the
casing and detects a flammable refrigerant gas; and a
control section .for executing control to rotate the fan

when the sensor detects the flammable refrigerant gas,
wherein the indoor unit is of a floor type, and the sensor

is provided in a lower portion of a casing of the indoor

unit and faces the outside of the casing.

In accordance with a fifth aspect of the present
invention, an air conditioner, which is provided with an
indoor unit housing a heat exchanger and a fan inside a
casing thereof that has an inlet port and an outlet port,
rotates the fan and flows the flammable refrigerant
through the heat exchanger during operation, performing
heat exchange between air taken into the casing through the
inlet port and the flammable refrigerant, and blows out
the air that has undergone the heat exchange to the
_inside of a room through the outlet port, comprising: a
sensor that is provided on an external surface of the
casing and detects a flammable refriﬁérant gas; and a

control section for executing control to rotate the fan

when the_sensor detects flammable refrigerant gas, wherein



when the sensor detects flammable refrigerant gas, wherein - 2c the sensor
is arranged in an opening located in a lower portion of the casing of the
i ndoor unit, the sensor faces both outside and inside of the casing, and
detects a flanmable refrigerant gas | eaked to the outside and i nside of
the indoor unit. - 3 The air conditioner of exanple enbodinments is
provided with the sensor that is provided on the external surface of the
casing of the indoor unit and detects the flammable refrigerant gas.
Therefore, when the flanmabl e refri'ge%%lnf | eaks fromthe refrigerant pipe
(connecting pipe) connected to the indoor unit into a roomor when the
flammabl e refrigerant that has | eaked inside the indoor wunit flows to the
out si de of 1'%he indoor .unit through,a gap of the casing, then the

refri gerant ¢ hAt"RRS Ilga@:d:arégr?dpgé%i PedPRYN e HRtaktediBy & hk¥@hsor .
When the _sensor de ts the fla |l e refrigerant gas, the control
section e%%ll[}ile%n co '?trcrb? % T amblh‘:é %%%QO%W’%W'S LRpePatton, feFes
refrigera s can.be diffused to haye concentration nqt -4- higher
than the r%(ﬁm%? 1‘C)Iu§Sl Bi 1729 IJTI}ﬁltCPecoﬁéen'?p%ticc?rFW' v eg‘B’Fe‘éESai? f1ow
gener at ed E&%ﬁﬁghfénegéfgﬁégrégg f&Qs leaked to the outside and

inside of the indocor unit.



i.e., aflowof air, which has been taken into the casing through the
inlet port and blown out to the inside of the roomthrough the outl et
port. As a result, the accident of a fire or the |like can be prevented.
Moreover, the fan has originally been provided for the indoor unit, and

t he hardware that constitutes the control section can be nmade comon to
the one that has originally been provided for the operation of the air
conditioner. Therefore, in applying exanple enbodiments to an ordi nary

air conditioner, no particular cost increase is caused. In an enbodi nent of
the present invention, the indoor unBt is of a floor type, and the sensor
is provided in a |ower portion of the indoor unit. The flammable
refrigerant of R32 or the like has the property that it is heavier than
air. Therefo&ﬁ, when the _indoor unit # glaced on a floor, the flammable
refrigerant ‘that s | 63REGTEPBRT hePlr of FRGBPARL HHRCILHHNETt | B pi pe)
connecte 8 19 thg i ggo% unit into roon1and th flannable refrigerant
that hastT@akedi Wi e “Phe SCRFGST cpr?Yb d Out TBf EXESFREdor unit

t hr ough h e casi.n tend to.be collected on the indoor floor. In
this cas% Ef%%%ogglng % ot i ¢ P ghﬁlﬁp 8F Ot e ERBbEi FBRt, the

sensor 'fl&%ﬁgﬁﬂgdrﬁ@rlgggg%% portlo?here%ore,l 2 Eég flammable

refrigerant leaks from the refrigerant pipe (connecting
pipe} connected tec the indoor unit into a room or when the
flammable refrigerant that has leaked inside the indoor
unit flows to the outside of the indoor wunit through a
gap of the casing, then the refrigerant that has leaked
and gasified can be detected by the sensor. When the
sensor detects the flammable refrigerant gas, the control
section executés control to rotate the Ffan. By this
operation, the refrigerant gas can be diffused to have a

concentration not



unit. Therefore, the flammble refrigerant gas collected on the indoor
floor can reliably be detected by the sensor. Therefore, the accident of a
fire or the like can reliably be prevented. Moreover, if the control
section executes 5 the control to rotate the fan when the sensor detects
the flanmmable refrigerant gas, then the flammable refrigerant gas
collected on the indoor floor is effectively diffused by the air flow
generated by the rotation of the fan, “i%.®.,  the flow of air, which has
been taken into the casing 10 through the inlet port and blown out to the

otony Do fiBfer QR DERUONCLDP SULHRELRITEy Al MAREAEIAG Dy i on.

concentrati on not I gher than the Tower rm conce

Thereforeyiih@cacel dant;of Aol] 6natathe bli KRCoBrLelbAPLY bE.PEEYeN! ed.

15 In an enbodi nent of the present inventi the rndoor “unrt is of

cetling racgssed tyRg, ndaihe SEISOInLS oReQVidedd N.Ad MRl poctien Lhat

bel ongs to the indoor unit and faces the reverse si of celling board. As

descri bed caboven i Marmmniert elisosiaph eLeRie 2l andihe |dkefas the

property that it is heavier than air. erefore, e 1 ndoor unit is

set in a geoki Nthrdken Ehammfzﬂleetr;agaw.erg@t 5}%3 h%iLgﬂﬁe%chiod’%ﬁ@e

refrigerant pipe (connecting pipe) connected to the oor unit 1nto the

room and bie of lrarambhecnef 1igerat ddhairhasdepked 25 inside the indoor
unit and flowed to the outside of the

Moreover, the fan has originally been provided for the
indoor unit, and the hardware that constitutes the control
section can be made common to the one that has originally
been provided for the operation of the air conditioner.
Therefore, in applying example embodiments to an ordinary
air conditioner, no particular cost increase is caused.

In an embodiment of the present invention, the indoor
unit is of a floor type, and the sensor is provided in a
lower portion of the indoor unit.

The flammable refrigerant of R32 or the like has the
property that it is heavier than air. Therefore, when the
indoor unit is placed on a floor, the flammable refrigerant
that has leaked from the refrigerant pipe {connecting pipe)
connected to the indoor unit into a room and the flammable
refrigerant that has leaked inside the indoor unit and
flowed out of the indoor unit through the gap of the casing
tend to be collected on the indoor floor. In this case,

~according to the air conditioner of this one embodiment,

the sensor is provided in a lower portion of the

indoor



-6- ‘indoor unit through the gap of the casing are possibly <collected in
the roof space. In this case, according to the air conditioner of this one
enbodi nent, the sensor is provided in the |ower portion that belongs to
the indoor 5 unit and faces the roof space. Therefore, the flamuable
refrigerant gas collected in the roof sgace can reliably be detected by
the sensor. Therefore, the accident ofT@fire or the like can reliably be
prevented. In an enbodi nent of the present invention, the sensor 10 is
arranged in an opening located in a. lower portion of the casing of the

i ndoor unit d detects. a fl bl refrigerant, gas | eaked to_the outside
and i nsi deurbet he%’ier'f&%&reun?ﬁrﬁrgAng@?éLﬁﬁeorer%@g%egaF h&RLgmtast e
refrigerant of. 15 R32 or._the |like has the property that it_is heavier than
air. Ther €9%r e hHRIPPEFABPE F@?rFﬁzﬁéhﬂYt St deksCteskey thesisgase

i ndoor wunit tengs to be collected in the | ower gortign of the indoor unit.
In this casteratebrdi hfet §cChdensi PichditToner Bheekdkpl caBnBediladdgs, the
sensor is. 20 arraand at the opening located in the lower portion of the
casi ng of RPePrRISEThi t UnBeeeetct 4 & hbhe| somdBiod setkiger srecydses hat
has | eaked to the outside and inside of the indoor unit. Therefore, not
only ?he fiagmEpPErodeftd geatiiie gelket fakp e ddi@dsemsehedetiestde tdfe t he

flammable refrigefant gas, then the flammable refrigerant
gas collected on the indoor floor is effectively diffused
by the air flow generated by the rotation of the fan, i.e.,
the flow of air, which hés been taken into the casing
10 through the inlet port and blown out to the inside of the
room through the outlet port, and is made to have a
concentration not higher than the lower flammability limit
concentration. Therefore, the accident of a fire or the
like can reliably be prevented. |
15 In an embodiment of the present invention, the iﬁdoor
unit 1is of a ceiling recessed type, and the sensor is
provided in a lower portion that belongs to the indoor unit
and faces the reverse side of ceiling board.
As described above, the flammable refrigerant of R32
20 or the like has the property that it is heavier than air.
Therefore, when the indoor unit is set in a ceiling, the
flammable refrigerant that has leaked from the refrigerant
pipe (connecting pipe) connected to the indoor unit into
the room and the flammable refrigerant that has leaked

25 inside the indecor unit and flowed to the outside of the



25 indoor unit but also the flanmable refrigerant gas that has -7- |eaked
inside the indoor unit can reliably be detected by the sensor. Therefore,
the accident of a fire or the |like can reliably be prevented. Mreover, if
the control section executes the control to rotate the fan when the 5
sensor detects the flamuable refrigerant gas, then the flammable
refrigerant gas |eaked inside the indogy_unit is effectively diffused by
the air flow generated by the rotation of the fan, i.e., the flow of air,
whi ch has been taken into the casing through the inlet port and bl own out
10 to the inside of a roomthrough the outlet port, and is nmade to have a

concent r ag aBoROty i Ghehrbitah t pRel ofel apmEbidiiding i gl consenbigtion.
; A b

Therefore, the accident afireo he 1ike can rell y be prevented.

Moreover, cLhg Liapmal) e gef Lhger %aa‘%‘?gsl Lgﬁ; éhgc%t e%é%%/?a‘é%%c}cﬂdirﬂgonﬁoi ndoor

unit and rts surroundings can re t he sensor.

Ther ef or etp8”%ii1“ fild e Soﬁeﬁ:??%tsgfogleér O?xﬁ}?z%’&iﬁ?é‘ﬂlg, ong f '&’HE% “is o

refrigeran gas detecti'on sensor 0 prevent’the acc

(17,00 Bl 210 ERF PBMBLCIRSRER PR G 18, A0 ptASS:

sensors B cti'ng the re gas i'n"the rti
ConnBet | nPBST SRS TRroT hETEr 6177 GoPRAC TP ol S AFe hOLe eRbHERGRI®I nsi de
the indoo{:efrigerant gas collected in the roof space can reliably be
detected by the sensor. Therefore, the accident of a fire
or the like can reliably be prevented.
In an embodiment of the present invention, the sensor
10 is arranged in an opening located in a lower portion of the
casing of the indoor wunit and detects a flammable
refrigerant gas leaked to the outside and inside of the
indoor unit.
As described hereinabove, the flammable refrigerant of
15 R32 or the like has the property that it is heavier than
alr. Therefore, the flammable refrigerant that has leaked
inside the indoor unit tends to be collected in the lower
portion of the indoor unit. In this case, according to the
air conditioner of example embodiments, the sensor 1is
20 5 arranged at the opening located in the lower portion of
the casing of the indoor unit and detects the flammable
refrigerant gas that has leaked to the outside and inside
of the indoor unit. Therefore, not only the flammable

refrigerant gas that has leaked to the outside of the

25 indoor unit but also the flammable refrigerant gas that has



unit leads to an increase in the nunber of sensors and 25 further cost

i ncr ease.

g_ In an enbodi nent of the present invention, the air

conditioner conprises nmeans for issuing a warning when the sensor detects

the flammuabl e refrigerant gas.

gas. Therefore, the user can perceive'Tﬂé | eak of the flammable
refrigerant and take the nmeasures of ventilating the room calling
serviceman for repair and the like. In an enbodi nent of the present

i nvention,
executing

the air 10 conpdit,ioner conprises a ¢qontrol section for
14akad o1 ne £0e BB ot SoFE ofRr FRISPRIY &7 At EoGroR Ry ai
condi ti oner. when the sensor ggtects the fl amable refrigerant
ai r condi t$RheFeRAOX hi Slﬂé%%

control to stop the operation of the refrigerant circuit of this air
condi ti on€iheittifb endkf RIG®Redhe fMaKRaBEE r efifi géFgnt cgaErol
the refrigerant circuit is_shut off by the valve that exists in

the refri FEENORI PEBFRLEndtihe Crakodf §9 akpBBIte 20he effeigeihen Fhe

Ther ef or e,

restrained. The flammuable refrigerant remaining in the refriggfant pi pes
flows?to ssaeseai fleteatent theonfipempbiR perfybyewvdnthaddasouth

10
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flammable refrigerant gas leaked inside the indoor unit is
effectively diffused by the air flow generated by the
rotation of the fan, i.e., the flow of air, which has been

taken into the casing through the inlet port and blown out

to the inside of a room through the outlet port, and is -

made to have a concentration not higher than the lower
flammability limit concentration. Therefore, the accident
of a fire or the like can reliably be prevented;

Moreover, the flammable refrigerant gas that has
leaked from one indoor unit and its surroundings can
reliably be detected by the sensor. Therefore, one indoor
unit is permitted to have only one flammable refrigerant
gas detection sensor in order to prevent the accident of a
fire or the like, and cost increase can be suppressed. To
provide sensors for detecting the refrigerant gas in the

portions where refrigerant leak possibly occurs, or, for

" example, 1in each of the connecting portions of the

25

refrigerant pipes and the heat exchanger inside the indoor
unit leads to an increase in the number of sensors and

further cost increase.

In the air conditioner of this enbodinent,
warning 5 is issued when the sensor detects the flanmable refrigerant

as..|ln the
Font LhENECEAAERGI OF1% JekiT ofit okBEuLiket he

n pghet he

a



outflow is reduced since no nore pressure is applied. In an enbodi nent of
the present invention, the 25 flamuable refrigerant is R32 or .a m xed
refrigerant that -9- contains 70 percent by wei ght of R32, or propane or a
m xed refrigerant that contains propane. The refrigerant R32 or a m xed
refrigerant that contains 70 percent by weight of R32, or propane or a
mxed 5 refrigerant that contains propgne are regarded as prom sing
alternative refrigerants substituting for R22. According to the air
conditioner of this one enbodi nent, the accident of a fire or the |ike can
be prevented when R32 or a m xed refrigerant that contains 70 percent by
wei ght of R32, odnlCamprephodimens nixethsepriegenantithatttonf akAs 3 r
percent by weight of propane, which are regarded as promsing alternative

refri ger antenditbsonént cogpkaseR hedmakor BRWEMgDESERHRIhGNWHEnHRe
DRAWNGS 15 Fig. 1 is a sectional view show ng a ?I oor type indoor unit

that constsénses astettscendi FlonRebaeceedirigetk@n@ngaLnbodi ment of this
invention and is viewed fromthe front wththe front panel renoved; Fig.

gi LZ a ;/ihe\t/vhzhggm;P%hbh%i&bw&ﬁﬂ@l@@ﬁeyhbk }Hkﬁ%%n@@dixﬁ@ﬁ# hﬁ riaghtizhpnd
g partially renoved; Fig. 3 1s a graph show ng a “‘change
in a sensofs deseeédoph¥al tREEs¥AYbragefEatldrhe FHaRge 1R 35l jgehant
' gas. Therefore, the user.can perceive the leak of the
flammable refrigerant and take the measures of ventilating
.the room, calling serviceman for repair and the like.
In an embodiment of the present invention, the air
10 conditioner comprises a ‘control section for executing
control to stop operation of a refrigerant circuit of the
air conditioner when the sensor detects the flammable
refrigerant gas.
In the air conditioner of this embodiment, the control
15 section executes the control to stop the operation of the
refrigerant circuit of this air conditioner when the sensor
detects the flammable refrigerant gas. Therefore, the
refrigerant circuit is shut off by the valve that exists in
the refrigerant «circuit, and the 1leak of flammable
20 refrigerant 1s restrained. The flammable refrigerant
remaining in the refrigerant pipes flows to a certain
extent from the leak portion of the trouble, but the
outflow is reduced since no more pressure is applied.
In an embodiment of the present invention, the

25 flammable refrigerant is R32 or a mixed refrigerant that



concentration Cwth a |lapse of tine fromthe start of |eak; -10- Fig. 4
is a chart showing a control flow of the control section of the above air
conditioner; Fig. 5 is a graph showing a change in the sensor detection
vol tage Vout according to a change in the 5 refrigerant concentration C
with a lapse of tinme fromthe start of leak; Fig. 6 is a chart show ng
another control flow of the control seftion of the above air conditioner;
and Fig. 7 is a sectional view showing a ceiling type 10 indoor unit that
constitutes an air conditioner according to another enbodinment of this
invention and is viewed from a side. BEST MODE FOR CARRYI NG OQUT THE

| NVENTI ON 48 E#Eng / OcBREFEPENRY BRLERESOENRERY 6% REPPape oFedchMied i n

detail below_on the basjs of the enbodinments shown in the drawings. Fig. 1
shows t he Fafbbectant that gAnhpineoREPPRBRer according to one embodi nent,
viewed fromthe front with the 20 front panel renmoved. Fig. 2 shows the
above indoor unfkhel yYréwéderabim tR82ri ght - Bandlisede weflhmivkzaossi wlpar
partially renoved. This indoor unit 1 is of a floor type, provided wth a
roughl y recorbgimar 7paprarrentpbpedesabingf2R3dd or propane or a mixed
5 refrigerant that contains propane are regarded as promising
alternative refrigerants substituting for R22. According
to the air conditioner of this one embodiment, the accident
of a fire or the like can be prevented when R32 or a mixed
refrigerant that contains 70 percent by weight of R32, or
10 propane or a mixed refrigerant that contains 70 percent by

weight of propane, which are regarded as promising

alternative refrigerants substituting for R22, leaks.

BRIEF DESCRIPTION OF THE DRAWINGS
-15 Fig. 1 is a sectional view showing a floor type indoor
unit that constitutes an air conditioner according to one
embodiment of this invention and is viewed from the front

with the front panel removed;

Fig. 2 is a view showing the above indoor unit viewed
20 from the right-hand side with the casing partially removed;
Fig. 3 1s a graph showing a change in a sensor
" detection voltage Vout according to change in a refrigerant
concentration C with a lapse of time from the start of

leak:



pl aced on a floor 101 of a room 100. -11- As is apparent fromFig. 2, a
heat exchanger 3, which has a roughly rectangul ar parall el epi ped external
shape, is provided on the front side of the casing 2 and a fan 7 is

provi ded behind the heat exchanger 3 inside the indoor unit 5 1.. A drain
pan 4 for receiving dew generated on the surface of the fins of the heat
exchanger 3 is provided just bel ow thel®reat exchanger 3. Further, an
outlet port 5 for blowing out air is provided just below this drain pan

4. 10 As shown in Fig. 1, a pair of connecting pipes 10 for circulating a
refrigerant between an qutdoor unit (not  shown) and the indoor unit 1 is

i ntroduced intoft%e ihdddr 2urfe4t ARG Rol 898ErBlovELEH i Pt a tswer
portion of a left side plate 2a of the casing 2. The connecting pipes 15
10 are corfretERlt 8eathenat o rehafaboprpeis spNERELIRBEE exchanger 3

al though not shown in the figure. This air conditioner enploys a flammble
refrigerant conSi¥tutedisf 2 RIZapdh ashewingerantchandsol en3othahisemsosnar dl y
and outwardly penetrates the 20 casing 2, is provided in a | ower portion
of a ri ghtd%g@l@tiﬁnat‘éokba@ﬁ theutasprgoZdandt h&oi ndoorchamige 1.inA dghe
sensor 11 for detecting a flammble refrigerant gas of R32 or the like is
acconfrodat eeif rhgehisthebacgotrFhiongds with a lapse of time from the

start of leak;
Fig. 6 is a chart showing another control flow of the
control section of the above air conditioner; and
Fig. 7 1is a sectional view showing a c¢eiling type
10 indoor unit that constitutes an air conditioner according
to another embodiment. of this invention and is viewed from

a side.

BEST MODE FOR CARRYING OUT THE INVENTION
15 The air conditioner of this invention will be
described in detail below on the basis of the embodiments
shown in the drawings.
Fig. 1 shows the indoor unit 1 of an air conditioner
according to one embodiment, viewed from the front with the
20 front panel removed. Fig. 2 shows the above indoor unit 1
viewed from the right-hand side with the casing 2 partially
removed. This indoor unit 1 is of a floor type, provided
with a roughly rectangular parallelepiped casing 2 and

prlaced on a floor 101l of a room 100.



sensor 11 faces both the outside and the inside of the 25 casing 2 and is
able to detect the flammable refrigerant -12- gas that has | eaked to the
outside and inside of the indoor wunit 1. Moreover, a control section 9 for
controlling the operation of the entire air conditioner is provided in an
5 upper space adjacent to the right-hand side of the heat exchanger 3 in
the casing 2 of the indoor unit 1. An dllarm 12 for issuing a warning when
abnornmality such as flamuable refrigerant leak or the |ike occurs is
provided in a space below the control section 9. This 10 alarm 12 incl udes
a lanp constructed of an LED (light emtting diode) (visible to the
resident via a#%oh? pRRRFenRofLreNoRH)d -arkd & bgaler exehpREerm3r ha/higdi dent
of the occurrence of abnornalitﬁ through his or her sense of sight and
hearing. 1§ tajroyghle reteanghiartharabdheiepipedt esfiegniad Ishelped iwp by a
battery (not shown) and is able to detect the flammuble refrigerant gas by
t he gas samsovidad apd tbat foontt idd avin tReeveninge? tand ai Fapofdiits oner
stops operation (when the power switch is off). 20 Wen this air
condi t i oneprowided opehrind obhetheatf faohabberr 8f ihgédanthies iseivorf nomtt he
outdoor unit to the inside of the indoor unit 1 through one of the
connektingl. A drain pan 4 for receiving dew generated on the

surface of the fins of the heat exchanger 3 is provided

just below the heat exchanger 3. Further, an outlet port 5

for blowing out air is provided just below this drain pan

4,

10 As shown in Fig. 1, a pair of connecting pipes 10 for
circulating a refrigerant between an outdoor unit (not
shown) and the indoor unit 1 is introduced into the indoor
unit 1 through a hole 31 provided in a lower portion of a
left side plate 2a of the casing 2. The connecting pipes

15 10 are connected to a heat-transfer pipe 6 of the heat
exchanger 3 although not shown in the figure. This air
conditioner employs a flammable refrigerant constituted of
R32 as a refrigerant.

A hole 30, which inwardly and outwardly penetrates the

20 casing 2, 1s provided in a lower portion of a right side
plate 2b of the casing 2 of the indoor unit 1. A gas
sensor 11 for detecting a flammable refrigerant gas of R32
or the like is accommodated in this hole 30. This gas

sensor 11 faces both the outside and the inside of the

25 casing 2 and is able to detect the flammable refrigerant



pi pes 10 under ‘the control of the control section 9, flowed through the
heat -transfer pipe 6 of the heat exchanger 3, 25 thereafter flowed
outwardly of the indoor unit 1 and sent -13- back to the outdoor unit

t hrough the other one of the connecting pipes 10. In the neantine, the fan
7 shown in Fig. 2 is rotated. By this _operation, air in a room1100 is
taken into the casing 2 through a grirﬂztinlet port) 8 of 5 the front panel
and made to pass between the fins of the heat exchanger 3 to exchange heat
with the flanmable refrigerant. The air that has undergone the heat
exchange 1is flo do rd.through a gap_between the fan 7. and the back
pl at e gc o it @%gg}%vge% bFOWNIH Y %f‘ii?leaﬁ\lﬂﬁs%%lgﬁoogf theelRE8RT 100
through the outlet port 5. This air conditioner is provided with the gas
sensor 1M%dr et ecting the flammabl e refrigerant gas which faces both
the outside and the inside of the casing 2 in the |ower portion of the

ri ght side pl af®ZAPEHIt h& c&SPKEO2 ofedbiene 9 ndogr gARtrellingr efbee,
when the flammable refrigerant |eaks fromthe connecting pipes 10 into the
room 100 cIPS¥RdRAhecf| Shralsind e rager apndi haonass seakevidassi e &he

i ndoor unit 1 flows to the outside of the indoor wunit 1 through the gap of
t he dasi ngigpexn heppefr iagtiagrn20tohdthchasipbbkbandndsighsi pifedwanheat

detected by the gas sensor 11.
exchanger 3 in the casing 2 of the indoor unit 1.

An alarm 12 for issuing a warning when abnormality
such as flammable refrigerant leak or the like occurs is
pfovided. in a space below the control section 9. This

10 alarm 12 includes a lamp constructed of an LED (light
emitting diode) (visible to the resident via a front panel
nét shown) and a buzzer to inform the resident of the
occurrence of abnormality through his or her sense of sight
and hearing.

15 It is to be noted that the control section 9 is backed
up by a battery (not shown) and is able to detect the
flammable refrigerant gas by the gas sensor 11 and control
the alarm 12 even when this air conditioner stops operation
{when the power switch is off).

20 When this air conditioner is 1in operation, the
flammable refrigerant is sent from the outdoor unit to the
inside of the indoor unit 1 through one of the connecting
pipes 10 under the control of the control section 9, flowed
through the heat-transfer pipe 6 of the heat exchanger 3,

25 thereafter flowed outwardly of the indoor unit 1 and sent



That is, the flamuable refrigerant of R32 or the Iike has the property
that it is heavier than air. Therefore, the flammble refrigerant that has
| eaked fromthe 25 connecting pipes 10 into the room 100 or the flamuable
-14- refrigerant that has | eaked inside the indoor unit 1 and flowed to
the outside of the indoor unit 1 through the gap of the casing 2 tends to
be collected on the floor 101 of the-f8om 100. In this case, the gas
sensor 11 is provided 5 in the I ower portion of the casing 2 and faces the
outside of the casing 2. Therefore, the flamuable refrigerant gas
collected_on_the floor 101 of the room 100 can reliably be detected by the
gas sensoPafk The E¥hnodidegpi prét1cthreuakxithitieathett veel PfonthRe
indoor unit 1, and the flanmable 10 refrigerant that has | eaked fromthe
connect i N§OPIEES 1NY iBLPY ohPt | yI8i fhesdeeamt iR, f Eber L8010 bf shown r bvm 100
and reaches the gas sensor 11 provided on the right side plate 2b of the
i ndoor unifigl. 2Vdrediaratede Bvarhbld onefatiigmantithin dagotwaked 185
inside the indoor unit 1 tends to be collected in the lower portion of the
i ndoor uniteken |intd othexanplisg E dhriqQudgthea Hlradimblieledf miagariang , ofhi ch
has | eaked froma heat- transfer pipe joint portion X in the upper
| ef t Shand theorframt opahkée heat mxdhahgerpass novegecowihar dinseachesh20 t he
| eft-hand end portion of the drain pan 4, noves

heat exchanger 3 to exchange heat with the flammable

refrigerant. The air that has undergone the heat exchange

is flowed downward through a gap between the fan 7 and the

back plate 2c¢ of the casing 2 and blown out to the inside

10 of the room 100 through the outlet port 5.
This air conditioner 1is provided with the gas sensor
11 for detecting the flammabie refrigerant gas which faces
both the outside and the inside of the casing 2 in the
lower portion of the right side plate 2b of the casing 2 of
15 the indoor unit 1. Therefore, when the flammable
-refrigerant leaks from the connecting pipes 10 into the
room 100 or when the flammable refrigerant that has leaked
ingide the indoor unit 1 flows to the outside of the indoor
unit 1 through the gap of the casing 2, the refrigerant
20 that has leaked and gasified can be detected by the gas

sensor 11.

That is, the flammable refrigerant of R32 or the like
has the property that it is heavier than air. Therefore,
the flammable refrigerant that has leaked from the

25 connecting pipes 10 into the room 100 or the flammable



rightward over the drain pan 4, falls fromthe right-hand edge portion of
the drain pan 4 and reaches the neighborhood of the gas sensor 11. In this
case, the gas sensor 11 is provided in the | ower portion of the casing 2
25 and faces not only the outside but also the inside of the -15- casing 2.
Therefore, not only the flammable refrigerant gas that has | eaked to the
out side of the indoor unit 1 but also-t4e flammble refrigerant gas that
has | eaked inside the indoor unit 1 as descri bed above can reliably be 5
detected by the gas sensor 11. Fig. 3 shows a change in the output (sensor
detection voltage) Vout of the gas sensor 11 according to a change in a
ref ri ger anfeEbheRREREt intc s hlgakapselnstide nsher dmdaes wrlkt lofandak
when the flammble refrigerant |eaks fromthe 10 heat-transfer pipe joint
portion X fbededdtpntige Qfsdde |off tthmantn@orti Baibf 1t hbrhegh &hsharaper 3.
As is apparent, the sensor detection voltage Vout beconmes higher as the
refri ger an®fchees@sditicor? C:¢nds ehgebe lwlleatedeomotee fibat fRE of
reference value Vref shown in Fig. 3 corresponds 15 to the val ue indicated
by the sentbe detwmctliddn vdint dde sVarse wHsre t fescerpentr alli dis ©refvitdesd
flammabl e refrigerant gas becones a lower flammbility limt concentration
CcL. PBig. #nshbeslawesnpooitifdrowDhftlidhecanithgol aadt ifane8. thAs cshmirde n
this-Fig. 4, the control section 9 constantly
of the casing 2. Therefore, the flammable refrigerant gas
collected on the floor 101 of the room 100 can reliably be
detected by the gas sensor 11. The connecting pipes 10 are
extended leftward from the indoor unit 1, and the flammable
10 refrigerant that has leaked from the connecting pipes 10 is
promptly diffused on the floor 101 of the room 100 and
reaches the gas sensor 1l provided on the right side plate
2b of the indoor unit 1.
Moreover, the flammable refrigerant that has leaked
15 inside the indoor unit 1 tends to be collected in the lower
portion of the indoor unit 1. In, for example, Fig. 1, the
flammable refrigerant, which has leaked from a heat-
transfer pipe Jjoint portion X in the upper left-hand
portion of the heat exchanger 3, moves downward, reaches
20 the left-hand end portion of the drain pan 4, moves
rightward over the drain pan 4, falls from the right-hand
edge portion of the drain pan 4 and reaches the
neighborhood of the gas sensor 11. 1In this case, the gas

sensor 11 is provided in the lower portion of the casing 2

25 and faces not only the outside but also the inside of the



20 detects the refrigerant concentration C by the gas sensor 11 (Si) and
det erm nes whet her or not the sensor detection voltage Vout is not |ower
than the reference value Vref (S2). If the sensor detection voltage Vout
is lower than the reference value Vref, then it is determned that the 25
flammabl e refrigerant is not |eaked, and the refrigerant -16- concentration
detection by the gas sensor 11 is contthered. When the sensor detection
voltage Vout is not lower than the reference value Vref, then it is
determ ned that the flamuable refrigerant is | eaked, and a warning is 5
innediateh%arssued by the alarm 12 (S3). In concrete, the LED lanp is

fl ashed a ?h%gbﬁbzerT¥%r%€%5%d 005 nPBLi the  Fhammle ofr efifd garamt t hat
t he fl ammuabl e refrl erant is_ |eaked through his or her sense of sight and
hearing. ByaSthkh géﬁait%hedt ke Gher ouksiper odi Faet hadoplre unidmiabivg 10
refrigerant_is Ieaked and is allowed to take the neasures of ventilating
t he room 1®bsockhei iy aswraldleerggf fbge¥ephi gasarfhathehas kbeakodedneride he
control section 9 immediately executes the control to stop the operation
of the refh¢geingroxi it dpoasdedesaiabrd taovehecdn amedblabllp be
refrigerant is |leaked (S4). By this operation, even if this air
-condi i onedetectadoper aheogast hengefrilgerant circuit can |nned|ately be
shut off by the valve that exists in the refrigerant circuit, and this
enabl es t he Fig. 3 shows a change in the output (sensor detection
voltage) Vout of the gas sensor 11 according to a change in
a refrigerant concentration C with a lapse of time from the
start of leak when the flammable refrigerant leaks from the
10 heat-transfer pipe Jjoint portion X located in the upper
left-hand portion of the heat exchanger 3. As is apparent,
the sensor detection voltage Vout becomes higher as the
refrigerant concentration C increases. It is to be noted
that the reference value Vref shown in Fig. 3 corresponds
15 to the wvalue indicated by the sensor detection voltage Vout
when the concentration C of the flammable refrigerant gas
becomes a lower flammability limit concentration Cg.
Fig. 4 shows a control flow of the control section 9.
As shown in this Fig. 4, the control section 9 constantly
20 detects the refrigerant concentration C by the gas sensor
11 (81) and determines whether or not the sensor detectioh
voltage Vout is not lower than the reference value Vref
(s2). If the sensor detection voltage Vout is lower than

the reference value Vref, then it is determined that the

25 flammable refrigerant is not leaked, and the refrigerant



restraint of the leak of a |arge amount of flammble 20 refrigerant. As a
result, the accident of a fire or the |ike can be prevented. In this
enbodi ment, the gas sensor 11 for detecting the flamrable refrigerant gas
while facing both the outside and the inside of the casing 2 is provided
in the |ower 25 portion of the right side plate 2b of the casing 2 of the
-17- indoor unit 1. Therefore, the fla&ble refrigerant gas that has
| eaked fromthis indoor unit 1 and its surroundings can infallibly be
detected by the gas sensor 11. Therefore, this indoor unit 1 is permtted
to have 5 only one gas sensor for detecting the flammble refrigerant gas
in order tPRreRERitite dekrdbhpnobya the Jag $eeseTkdl ignddsinueattr ease
can be suppressed. Fig. 5 shows a change in the output (sensor detection
vol t age) nofhehs P s edgbectionc amrldiaue t¥out changeot nlowert Hdan
refrigerant concentration Cwith a |lapse of time fromthe start of |eak
when the fikemibferearei galamt Veaks fiiom ibheibealettemmisied phpe jtient
portion X [ocated in the upper |eft-hand portion of the heat exchanger 3
experi nentflangmalpbe omkefridgeardi n peri deaMed,Fi gand, tshe waknéngo 15
i ndi cates a change in the refrigerant concentration when the fan 7 is
mai nt@i nedinmedhetal pppedustaby dinvd nglatre 12xH8B) renin Eontlretet herthéhand,
the value C, indicates a
LED lamp is flashed and the buzzer is beeped to inform the
resident of the event that the flammable refrigerant is
leaked through his or her sense of sight and hearing. By
this operation, the user can perceive that the flammable
10 refrigerant is leaked and is allowed to take the measures
of ventilating the room 100, calling serviceman for repair
and the like. Moreover, the control section 2 immediately
executes the control to stop the operation of the
refrigerant circuit upon determining that the flammable
i5 refrigerant is leaked (84). By this operation, even if
this air conditioner 1is in operation, the refrigerant
circuit can immediately be shut off by the wvalve that
exists in the refrigerant circuit, and this enables the
restraint of the leak of a large amount of flammable
20 refrigerant. As a result, the accident of a fire or the
like can be prevented.
In this embodiment, the gas sensor 11 for detecting
the flammable refrigerant gas while facing both the outside

and the inside of the casing 2 is provided in the lower

25 portion of the right side plate 2b of the casing 2 of the



change in the refrigerant concentration when the fan 7 is rotated
concurrently with the start of |eak and the 20 rotation is maintained. The
change in the sensor detection voltage Vout shown in the figure
corresponds to the former value Co. Fromthis result, it can be understood
that the refrigerant concentration C can be maintai ned bel ow the | ower
flammability limt concentration CCL whelr the fan 7 25 is rotated
i mredi ately when the flammuable refrigerant -18- leaks. It is to be noted
that the reference value Vref shown in Fig. 5 corresponds to the val ue
indicated by the sensor detection voltage Vout when the concentration C of
the flamebleoeefr BRgér aht gdberedonss athef élampebiecorebrigaranh gBE not
higher than the |ower flammbility Ilimt concentration C. This reference
concent r at¥loat CLhaps Iswked | fwoms gdds blmdeahi nuaitange i andhi difsit can
be distinguished fromnoises. Fig. 6 shows another control flow of the
control 18useewRdings menshHovirellihly sb¢i detéctetie bgorithel gsectsienso
constantly detects the refrigerant concentration C by the gas sensor 11
(S11) and Hekt er MAihvees hoiret,hethds notddade usebsdr et petrmdritea t Bgehdoat i s
not | ower than the reference value Vref (512). If the sensor detection 15
vol t age Voonly sohewssstdemsthefoef deenceingl theVEdbnmbbde riefriigedanér m ned
that the flammable refrigerant is not : _
: gas in order to prevent the accident of a fire or the like,
and cost increase can be suppressed.
Fig. 5 shows a change in the output {(sensor detection
voltage) Vout of the gas sensor 11 according to a change in
10 the refrigerant concentration C with a lapse of time from
the start of leak when the flammable refrigerant leaks from
the heat-transfer pipe joint portion X located in the upper
left-hand portion of the heat exchanger 3 experimentally
for only a certain period. In Fig. 5, the wvalue C(,
15 indicates a change in the refrigerant concentration when
the fan 7 is maintained in the stopped state during the
experiment. On the other hand, the value C, indicates a
change in the refrigerant concentration when the fan 7 is
rotated concurrently with the start of 1leak and the
20 rotation i1s maintained. The change in the sensor detection
voltage Vout shown in the figure corresponds to the former
value C,. From this result, it can be understood that the
refrigerant concentration C can be maintained below the

lower flammability limit concentration C, when the fan 7

25 . is rotated immediately when the flammable refrigerant



| eaked, and the refrigerant concentration detection by the gas sensor 11
is continued. Wien the sensor detection voltage Vout is not |ower than the
reference value Vref, 20 then it is determned that the flammble

refrigerant

is

| eaked, and a warning is inmediately issued by the alarm 12

(S13). In concrete, the LED lanp is flashed and the buzzer is beeped to
informthe resident of the event that +h®& flammble refrigerant is |eaked
t hrough his or

her sense of 25 sight and hearing. By this operation, the

user can -19- perceive that the flammable refrigerant is | eaked and is
all owed to take the neasures of ventilating the room 100, calling
servi cenanl¢@aks epditr 48d tchebei ketekbridoaer thehere tomnod yedueoVef
i mredi ately executes the control to 5 rotate the fan 7 and stop the
oper at i on ®tovhe ineffigyerancoreespantsuton et eval ve ngntihet tede byl artrabl e
refrigerant is |eaked (S14). By rotating the fan 7, the flanmable
refrigeransenbar heseloddloed YobmddeVouhneticnng:ipé pesndédntiratbohh€ radm
100, the flammable refrigerant that has 10 | eaked inside the indoor unit 1
and furthethéhe flamable reifrigermait gagaishat bbasmeeakes i nsdfe-de
indoor unit 1 and flowed to the outside of the indoor unit 1 through the
gap of thecoasengr2ttan b, efdfeact hvghyrditHasedhico bawera f£iconcasitiraty on
not higher than the lower flammability Iimt 15 concentration by virtue of
the air flbimpeneoatedthyttibe C,. This reference concentration C, is

10

15

20

25

- set as low as possible within a range in which it can be

distinguished from noises.

Fig. 6 shows another control flow of the control
section 9. As shown in this Fig. 6, the control section 9
constantly detects the refrigerant concentration C by the
gas sensor 11 {S11) and determines whether or not the
sensor detection voltage Vout 1is not lower than the
reference wvalue Vref (S12). If the sensor detection
voltage Vout 1is lower than the reference value Vref, then
it is determined that the flammable refrigerant is not
leaked, and the refrigerant concentration detection by the
gas sensor 11 is continued. When the sensor detection
voltage Vout is not lower than the reference wvalue Vref,

then it is determined that the flammable refrigerant is

leaked, and a warning is immediately issued by the alarm 12

(813). In concrete, the LED lamp is flashed and the buzzer
is beeped to inform the resident of the event that the
flammable refrigerant is leaked through his or her sense of

sight and hearing. By this operation, the user can



rotation of the fan 7, i.e., the flow of air that has been taken into the
casing 2 through the front grill 8 and blown out to the inside of the room
100 through the outlet port 5. As a result, the accident of a fire or the
| i ke can be 20 prevented. Moreover, by executing the control to stop the
operation of the refrigerant circuit, the refrigerant circuit can
i mredi ately be shut off by the valve thd¥ exists in the refrigerant
circuit even when this air conditioner is in operation, and this enables
the restraint 25 of the |leak of a |arge anount of flanmmable refrigerant. As
-20- aresult, the accident of a fire or the |like can reliabl be
prevent ed. PRRCeRVS &M5ddi Haat flemeapds semEoigananr igetkeaery apge is
flanmabl e refrigerant gas while facing both the outside 5 and the inside
of the casthfovedstpr dakiedthe mRasnsaer oforvdwridtinge thghrosidd fl.ate 2b
of the casing 2 of the indoor unit 1. Therefore, the flammble refrigerant
gas that basliegkeervicsmeh Samdmpaimiand bhd like.suMogeodienys tden
infallibly be detected by the gas sensor 10 11. Therefore, this indoor unit
1 is permtortirod hagetionl yd onbngedi senbpr dxscuetscting tdmitahmeid e
refrigerant gas in order to prevent the accident of a fire or the like,
and cbst inotetsetbanfbe Suppriessenh Mx eoperatibr bdn theand firhiayahwarte t hat
constitutes)
circuit upon determining that the flammable refrigerant is
leaked (514). By rotating the fan 7, the flammable
refrigerant that has leaked from the connecting pipes 10
into the rocom 100, the flammable refrigerant that has
10 leaked inside the indoor unit 1 and further the flammable
refrigerant gas that has leaked inside the indoor unit 1
and flowed to the outside of the indoor unit 1 through the
gap of the casing 2 can be effectively'diffused to.have a
concentration not higher than the lower flammability limit
15 concentration by wvirtue of the air flow generated by the
rotation of the fan 7, i.e., the flow of air that has been
taken into the casing 2 through the front grill 8 and blown
out to the inside of the room 100 through the outlet port
5. As a result, the accident of a fire or the like can be
20 prevented. Moreover, by executing the control to stop the
operation of the refrigerant circuit, the refrigerant
circuit can immediately be shut off by the wvalve that
exlists in the refrigerant circuit even when this air

conditioner is in operation, and this enables the restraint

25 of the leak of a large amount of flammable refrigerant. As



15 the control section 9 are originally provided for the indoor unit 1.
Therefore, in applying the present invention to an ordinary air
conditioner, no particular cost increase is caused. Fig. 7 shows a
cross-section of the indoor unit 50 of 20 an air conditioner according to
anot her enbodi nent, viewed froma side. This indoor unit 50 is of a
ceiling recessed type, which is providddt with a roughly rectangul ar
paral | el epi ped casing 51 and fit in a ceiling 201 fromthe room 200 si de.
A decorative panel 52 on the |ower surface 25 of the casing 51 is provided
wth an air inIe&Egr%h] 54 -21- located_in a center portion, air outl.et

at

ports 55, &5-€S¢ S R erd PofirEndr dmf thife fanagediipbdyssage
56 | ocated between the air inlet grill 54 and the air outlet ports 55, 55,
The cR§ RFSIeRteernally has a 5 built-in turbofan 58 located in a

center portion,_and this turbofan 58 has a plurality of blades 59, 59, ..
arranged at rehul &RisntdtRedingnt + hEhei amf epBaerall 1di Feet dehechdingieen a
main plate 58a and a side plate 58b. Then, a heat exchanger 60 is arranged
so as to sthe obbrrmable refrigesinh gasanbitacéachagbbatibsthe, osgside A
pair of connecting pipes 80 for circulating a refrigerant between a
central urdnd (hbe siiovide ppdvitded ¢asinme 2pliaxepobvitiederim rehduilbgiery and
this indoor unit 50 is

portion of the right side plate 2b of the casing 2 of the

indoor unit 1. Therefore, the flammable refrigerant gas

that has leaked from this indoor wunit 1 and its

surroundings can infallibly be detected by the gas sensor

10 11. Therefore, this indoor unit 1 is permitted to have
only one gas sensor for detecting the flammable refrigerant
gas in order to prevent the accident of a fire or the like,
and cost increase can be suppressed.

Moreover, the fan 7 and (hardware that constitutes)

15 the contrcl section 9 are originally provided for the
indoor unit 1. Therefore, in applying the present
invention to an ordinary air conditioner, no particular
cost increase 1s caused.

Fig. 7 shows a cross-section of the indoor unit 50 of

20 an alir conditioner according to another embodiment, viewed
from a side. This indoor unit 50 is of a ceiling recessed
type, which 1is provided with a roughly rectangular
parallelepiped casing 51 and fit in a ceiling 201 from the

room 200 side. A decorative panel 52 on the lower surface

25 of the casing 51 is provided with an air inlet grill 54



i ntroduced into the indoor unit 50 through a ceifing space 15 203 while
penetrating the side plate of the casing 51. The connecting pipes 80 are
connected to the heat-transfer pipe of the heat exchanger 60, which are
~not shown in the figure. This air conditioner enploys a flammable
refrigerant constituted of R32 as a refrigerant. 20 A gas sensor 71 for
detecting the flammable refrigerant gadldis nounted in a | ower portion that
belongs to the casing 51 of the indoor unit 50 and faces the reverse side
202 of ceiling board. This gas sensor 71 is exposed to the outside of the
casing 51 and buried in the 25 external surface of casing 51 so that the
sensor doefLGREed 2pn @ faNIen HeoxkpiRhangitheutles frerist 5bngSthe 4 ndoor
unit 50 into the hole of the ceiling 201. Wen this air conditioner is in
oper at i on,}a¢ited | fpmpdt tpheral gepnhions, send fthemet he eentrial pastade the
5 inside of the indoor unit 50 through one of the connecting pipes 80 under
t he contrdi6 oflodadesbnbebiesactiton (@iot isheln)grilbwed t hndugbhé heaix
heat -transfer pipe of the heat exchanger 60, thereafter flowed outwardly
of the indodgrleunpprs8 &fd s&ht back tThd heaseéngr &1 unitteddd blyghhtle 0t her
10 one of the connecting pipes 80. In the neantine, the turbofan 58 is
rot ated. Byuihisimpeusboban 5Br loratteel riopna 200tés pakefNohnt ankdheltiasi ng
51 through the inlet grill 54,
turbofan 58 has a plurality of blades 59, 59, ... arranged
at regular intervals. in the circumferential direction
between a main plate 58a and a side plate 58b. Then, a
heat exchanger 60 1is arranged so as to surround this
10 turbofan 58 and face the blades 59, 59,
A pair of connecting pipes 80 for «circulating a
refrigerant between a central unit (not shown) provided in
one place of the entire building and this indoor unit 50 is -
introduced into the indoor unit 50 through a ceiling space
15 203 while penetrating the side plate of the casing 51. The
connecting pipes 80 are connected to the heat-transfer pipe
of the heat exchanger 60, which &dre not shown in the
figure. This air conditioner employs a flammable
refrigerant constituted of R32 as a refrigerant.
20 A gas sensor 71 for detecting the flammable
refrigerant gas is mounted in a lower portion that belongs
to the casing 51 of the indoor unit 50 and faces the
reverse side 202 of ceiling board. This gas sensor 71 is

exposed to the outside of the casing 51 and buried in the

25 external surface of casing 51 so that the sensor does not



noved up and blown out in the centrifugal direction by the blades 59, 59,
... of the turbofan 58 and thereafter nmade 15 to pass between the fins of
t he heat exchanger 60 to exchange heat with the flanmable refrigerant. The
air that has undergone the heat exchange is fl owed downward through the
air passage 56 and blown out to the inside of the room 200 through the
outlet port 55. 20 When the flanmabl e +&3+i gerant | eaks fromthe

connecting pipes 80 to the ceiling space 203 or when the flamrable
refrigerant that has | eaked inside the indoor wunit 50 flows into the
ceiling space 203 through the gap of the casing 51, the |eaked flammbl e
refrigerangiptupl &bl awudd tgberéiéeséhm(ﬁﬁtﬁihqﬁtbeiﬁhdgomoaﬂdisince
-23- the flanmable refrigerant of R32 or the |like has the property that it
i s heavi er50hantai thel hothi efchbe, ceiédingag0densor 71 is provided in the

| ower portion that belongs to the indoor unit 50 and faces the reverse
side 202 of 5 c@hknhngthdardaitr | eedyedingi exgeoseils t oihheopetraitdenyf titee
casing 51. Therefore, the | eaked flanmable refrigerant can reliably be

det ect ed bflaimmalhae sefizdgeriantThHer efearte, fiidm tlse ecahtedlt aniigst® ahwar ni ng
based on the output of the sensor or shut off the refrigerant circuit
under5t he ifistdat odl thk tinelooanturalt SECttiotouds enéestl thet kereitdeny  of
a fire or the |ike can be prevented.

pipes 80 under the control of the control ‘section {not
shown), flowed through the heat-transfer pipe of the heat
exchanger 60, thereafter flowed outwardly of the indoor
unit 50 and sent back to the central unit through the other

10 one of the connecting pipes 80. In the meantime, the
turbofan 58 is rotated. By this operation, air in the room
200 is taken into the casing 51 through the inlet grill 54,
moved up and blown out in the centrifugal direction by the
blades 59, 59, ... of the turbofan 58 and thereafter made

15 = to pass between the fins of the heat exchanger 60 to
exchange heat with the flammable refrigerant. The air that
has undergone the heat exchange is flowed downward through
the air passage 56 and blown out to the inside of the room
200 through the outlet port 55.

20 When the flammable refrigerant leaks from the
connecting pipes 80 to the ceiling space 203 or when the
flammable refrigerant that has leaked inside the indoor
unit 50 flows into the ceiling space 203 through the gap of
the casing 51, the leaked flammable refrigerant is

25 collected on the reverse side 202 of ceiling board since



Al t hough the flammable refrigerant is constituted of R32 in each of the
enbodi nents, the flammble refrigerant 1is, of course, not |limted to this.
This invention can 15 broadly be applied to air conditioners that enploy a
flammabl e refrigerant such as a mxed refrigerant that contains 70 percent
by wei ght of R32, or propane or a mxed refrigerant that contains propane.
As is apparent fromthe above, accordi+ig3to the air 20 conditioner of the
present invention, even when the flamuable refrigerant is |eaked, the

| eaked flammable refrigerant can be detected by the sensor. Therefore, the
accident of a fire or the like can be prevented. -24- Cainms: 1. An air
condi t i onefrenpl loyimab ke f Irafrdoerant riafer 832, oonpthsi nhike semsorthehat is
provi ded on an external surface of an indoor unit and detects a flamuable

refriger arRrgaRr théheaitn itthel$ nbieawigm tthan okinm. f| dor tlype, casd,t hhesensor
is provided in a lower portion of a casing of the indoor unit and faces
the outsi déa®dfSemeorasdl ngs ProThdedi incohdi flburer pastdba et heloaigs 1
conprising: neans for issuing a warning when the sensor detects the
f | ammabl e t® ethiegaimgitoyasniB. STheandr facwrdi tilonereasrekai sibdk i nogl aigm 1,
conprising: a control section for executing control to stop operation of a
refrigerantetlimwi boastl twiei bér bedndj t éopeseahen tfige SeNEYidet 86t $Hee
fl ammabl e refri gerant gas.
casing 51. Therefore, the leaked flammable refrigerant can
reliably be detected by the gas sensor 71. Therefore, it
is enabled to issue a warning based on the output of the
sensor or shut off the refrigerant circuit under the
10 control of the control section. As a result, the accident
of a fire or the like can be prevented.
Although the flammable refrigerant is constituted of
R32 in each of the embodiments, the flammable refrigerant
is, of course, not limited to this. This invention can
15 broadly be applied to air conditioners that employ a
flammable refrigerant such as a mnixed réfrigerant that
contains 70 percent by weight of R32, or propane or a mixed
refrigerant that contains propane.
As is apparent from the above, according to the air
20 conditioner of the @present invention, even when the
flammable refrigerant is leaked, the leaked flammable

refrigerant can be detected by the sensor. Therefore, the

accident of a fire or the like can be prevented.



4. The air conditioner as clained in claim1l, wherein the flanmable
refrigerant is R32 or a mxed refrigerant that contains 70 percent by

wei ght of R32, or propane or a mxed refrigerant that contains propane. 5.
An air conditioner enploying a flamrmable refrigerant, conprising: a sensor
that is provided on an external surface of an indoor unit and detects a
flammabl e refri gerant gas, wherein th_etz‘ﬁ'_ndoor unit is of a ceiling recessed
type, emiimishe sensor is provided in a |ower portion that belongs to a
casing of the indoor unit, is exposed on an external surface of the
casing, and faces the reverse side of a ceiling board. 6. The air

condi t oner ARS; Hi i i rising: . neans. for issuing a warning
when t he sensorr(\ci:j)g(gtjlge@%19 ; e&@ﬂiﬁmﬁ%@ﬁgmﬁgﬁ, Ig%&t,é:ﬁ{np&glgg. 7. The air

~ condi tioner as cPR&FREY that ig Pedvides orcampxiesiahgurfavead mnrindom enitiang deticts

executing cgmgﬁ,ﬁ{abteqeﬁ;ggpareggg ation of a refrigerant circuit of the air
condi ti oner when the séensor “detects the flanmmable refrigerant gas. -25- 8.

Thfe ai r conditi oWaerelisthe indoge gnit hf@flaaﬁian@pev\ﬁad tersenker i Ip@%mdﬂ ifa Iowebr
refrigerant phrfofeia &si i 4 ntajns 7 er cent
: Byt @ésmgaoméﬁ%owua’%gﬁd;%? A %18?%?&%‘}[?1@&'6 E%ﬂ?%ﬁns pr opa%e. 9.

wei ght of R32, or propdane or a m xe
An air conditioner enploying a flamuable refrigerant, conprising: a sensor

that i3 pr ovhélaostiitiRePsd BERRA i WA Ghoflind:ndo0r unit and detects a
fl ammabl e refrigerant gas, wherein t e’ Sengord's arranged i n an opening

|l ocated in a | oviBFaorfen d¥UsTY Ehavaraingi whjernfthe heensododstectsi the flenmersor
faces both efigeifegadd i nside of the casing, and detects a flammble
refrigerant gas | eaked to the outside and inside of the indoor

3. The air conditioner as claimed in claim 1, comprising:

a control section for executing control to stop operation of a refrigerant circuit
of the air conditioner when the sensor detects the flammable refrigerant gas.

4. The air conditioner as claimed in claim 1, wherein the flammable refrigerant is R32 or

~a mixed refrigerant that contains 70 percent by weight of R32, or propane or a mixed
refrigerant that contains propane.

5. An air conditioner employing a flammable refrigerant, comprising:
a sensor that is provided on an external surface of an indoor unit and detects
a flammable refrigerant gas,
wherein the indoor unit is of a ceiling recessed type, and the sensor is
provided in a lower portion that belongs to a casing of the indoor unit, is exposed on
an external surface of the casing, and faces the reverse side of a ceiling board.

6. The air conditioner as claimed in claim 5, comprising:

means for issuing a warning when the sensor detects the flammable
refrigerant gas.

_____ 7. The air conditioner as claimed in claim 5, comprising:

a control section for executing control to stop operation of a refrigerant circuit
of the air conditioner when the sensor detects the flammable refrigerant gas.



unit. 10. The air conditioner as clainmed in claim9, conprising: nmeans for
I ssuing a warni ng when the sensor detects the flammble refrigerant gas.
11. The air conditioner as clained in claim9, conprising: a control
section for executing control to stop operation of a refrigerant circuit
of the air conditioner when the sensor detects the flammable refrigerant
gas. 12. The air conditioner as clainrd-in cLain19, mhere;g t he fI?ngable
refriggrantjis R32 or a mxed refrigerant that contajns 70 percent by

wei ghtSor  RBE AlbFositngenas simied Laaim % athereja i femmabiocogRRLS frg e,
13. Ana anixed oeftig¢ranh @iat Woinedind 0 sepvdriias) Welght a9 RIXAQRTprdParde BPYSIMM@dJa heat
exchaQ% anq fqn.inside a casing thereof that has an inlet port and an
out | et ﬁ%?%%n FE?&?%EW?Fﬂpqﬁgﬁ and flows the flanmable refrigerant through
t he heat exchanger during operation, perform ng heat exchange between air

taken jnto fhe casing through the inlet port and the flammable

refri g%rantfkn g'ﬁggrﬂﬁ'tb(%?rSWPHg’Wg aaf%}m'f‘ﬂ@? r%ﬁ@”ﬁﬂtzl@?@l%ﬂ%’?@he heat exchange to
the inside of a a eamsor thadigprolided @ntdnedxtéal surGeaRrf b it@or anitSASQbtebiat i s
provi ded on surface of the casing and detects a flamuable

- Buh P Rbe i . .
refrigerant MOARACGIEER B section for executing control to rotate the
fan when the 'sensfmreifndaé ﬁé;ﬁﬁxﬁd@rﬁdg@ﬂﬁiﬁéhﬁ;péﬁiﬁgiltﬂﬁtqilﬂh 69@“’3’;921 %@drﬁ?nnﬂgﬁlég:/\gr

[ ' it i.s of a oor, type n sensor is provi _
oo oacor ket T Bl ko % AP R0 o e o s .
14. The ai rdetentsliat fianmeablasefigaiane das Neakedi o) tAs outE bhd iifdiie HERBSnASYT
I ssuing a V@\rit.ni ng when the sensor detects the flammble

10. The air conditioner as claimed in claim 9, comprising:
means for issuing a warning when the sensor detects the flammable
refrigerant gas.

11. The air conditioner as claimed in claim 9, comprising:
a control section for executing control to stop operation of a refrigerant circuit
of the air conditioner when the sensor detects the flammable refrigerant gas.

2. The air conditioner as claimed in claim 9, wherein the flammable refrigerant is R32 or
a mixed refrigerant that contains 70 percent by weight of R32, or propane or a mixed
refrigerant that contains propane.

13."  An air conditioner which is provided with an indoor unit housing a heat exchanger and
a fan inside a casing thereof that has an inlet port and an outlet port, rotates the fan
and flows the flammable refrigerant through the heat exchanger during operation,
performing heat exchange between air taken into the casing through the inlet port and
the flammable refrigerant, and blows out the air that has undergone the heat
exchange to the inside of a room through the outlet port, comprising:

- ----asensor that is provided-on-an external-surface of the casing and detectsa- -~ - -~~~

flammable refrigerant gas; and

a control section for executing control to rotate the fan when the sensor
detects the flammabile refrigerant gas,




refrigerant gas. 15. The air conditioner as clained in claim13,
conprising: a control section for executing control to stop operation of a
refrigerant circuit of the air conditioner when the sensor detects the
flammabl e refrigerant gas. 16. The air conditioner as claimed in claim13,
wherein the flammable refrigerant R32 or a mxed refrigerant that contains
70 percent by wei ght of R32, or propadé-or a aned refrgggranththat 4
contains propane., 17, An_ajr conditioner, which is provided with an indoor
uni t hous!ongpa h‘gs%fe&@ﬁérﬂgef unibig P 2 fogh ipRsARfbthg SERSIHE PIaYIed dt adoker has

an inlet popdrtiomof Dtasmif dfehe PABSN urlittindtiesed the oufshiz Gtk &dsaigs the flammabl e
r._during operation, perform ng heat

refri ant__t hrough.t he heat exchapge

exchagglg beT%@HC%W“C{”&k@%g]PW%’ 'Fﬁgﬂfiééi FRRWgh the inlet port and the
fl anmmabl e refri geeam ,foansbungo\ss waiwting h@han r'thé hadnsBasdeidier e ntarhaneat
exchange to fhe i nsi de of a roomthrough the outlet port, conprising: a
sensor that'™ régeﬁrﬁ\gf“ﬁ‘ed on an external surface of the casing and detects a
fl anmabl e refrigerant gas; and a control section for executing control to
rotate n \F/\/Een.the sensor _detectg fl anmabl e refrigerant gas, wherein

C

h . I
the se ore -{-@e%f Ogef 85 dRAIMSYLR SN 18S9 a | ower portion of the

casi ng of the i naloeritrdleétiontfbEeesR068d cétfft o b@b%p@tﬂtiéh@ﬁa&@ﬁﬁéﬂ&ﬁi gfcudf the
casing, and_ detects ' aked to the outside and

a fl | f | ,
Choi de of o4 HE BtRitisr BRCR e Sengoraeioda i (mmae s Qarantaa. | n ol ai m 17,

conprising: - -nmeans for issuing a warning when the sensor detects the

| ...19. The air condjtjon as clainmed in claim17,
I:l)ﬁpr iﬁiﬁl. ﬁ g.'ll:he.'s-f it go%rdﬁlrc])tnelggss clal%nged in claim 15, wherein the flammable refrigerant R32 or a
: mixed refrigerant that contains 70 percent by weight of R32, or propane or a mixed

refrigerant that contains propane.

17."  An air conditioner, which is provided with an indoor unit housing a heat exchanger
and a fan inside a casing thereof that has an inlet port and an outlet port, rotates the
fan and flows the flammable refrigerant through the heat exchanger during operation,
performing heat exchange between air taken into the casing through the inlet port and
the flammable refrigerant, and blows out the air that has undergone the heat
exchange to the inside of a room through the outlet port, comprising:

a sensor that is provided on an external surface of the casing and detects a
flammabile refrigerant gas; and

a control section for executing control to rotate the fan when the sensor
detects flammable refrigerant gas,

wherein the sensor is arranged in an opening located in a lower portion of the
casing of the indoor unit, the sensor faces both outside and inside of the casing, and
detects a flammable refrigerant gas leaked to the outside and inside of the indoor
unit.

18. The air conditioner as claimed in claim 17, comprising:

~----means for issuing a warning when -the -sensor - detects the--flammable- -

refrigerant gas.

19. The air condition as claimed in claim 17, comprising:



-27- a control section for executing control to stop operation of a
refrigerant circuit of the air conditioner when the sensor detects the

fl ammabl e refrigerant gas. 20. The air conditioner as claimed in claim17,
wherein the flammble refrigerant is R32 or a m xed refrigerant that
contains 70 percent by weight of R32, or propane or a mxed refrigerant

t hat contains propane. 28 ABSTRACT Ap7air conditioner enploying a
flammabl e refrigerant, conprises a sensor (11) that is provided on an
external surface of an indoor unit (1) and detects the flammble 5

refri \?vﬁr ant gas, aicnntm|1 dectldndopemoeﬂmg bdj!ﬁtrcﬁwbldﬁrdﬁem‘tuoﬁ of arréfrigerant blﬁijd'ti ke
even en t e re er ant rthernmore, an air conditioner
is provide %E#Wa‘&? El?‘l eﬁ%'ﬁgrqefg% FD? %Ffd'é?er?@t)gaénd a fan (7)
inside its casing (2) that has an inlet port (8) and an outl et port 10
(5). The ai es.the. f 7 flows the . flammab]

refri géetfantﬁﬁ g'ggglﬁld @’cﬁﬁ‘ér ﬁazﬁa '8?(@ Hhﬂa'gi‘ q?e‘%"h%fﬁ}"in[ﬂﬁ fla iﬁ reffigerat ip

heat exchangea mm'cbm‘ingnranttthkiemritmhﬁ 70t feacerabyngeigR) ot RBBUGpropend 6t at por t
(8) and th | erant, and blows out the air that has

under gone terﬂfé(eﬁg&ﬁg ntth %énst% P?fée‘i nside of a room through the outlet
port (5). The air condltl oner conprises a sensor (11) that is provided on
an external surface of the casing (2) and detects a flanmable refrigerant
gas and a control section




(9) for executing control to rotate the fan (7) when the 20 sensor (11)
detects the flammable refrigerant gas.

-8

ABSTRACT
An air conditioner employing a flammable refrigerant;
comprises a sensor (11) that is provided on an external
surface of an indoor unit (1} and detects the flammable
5 refrigerant‘gas, in order to prevent the accident of a fire
or the like even when the flammable refrigerant leaks.
Furthermore, an air conditiéner is provided with a indoor
unit housing a heat exchanger (3) and a fan (7) inside its
casing (2) that has an inlet port (8) and an outlet port
10 {5). The air coﬁditioner rotates the fan (7) and flows the
flammable refrigerant through the heat exchanger (3) during
operation, performing heat exchange between air taken into
the casing (2) through the inlet port (8) and the flammable
refrigerant, and blows out the air that has undergone the
15 _.heat exchange to the inside of a room through the outlet
port (5). The air conditioner comprises a sensor (11) that
is provided on an ext?rnal surface of the casing (2)_and
detects a flammable refrigerant gas and a control section
(9) for executing control to-rotate the fan (7) when the

20 sensor (11) detects the flammable refrigerant gas.




