-, e3exMHHI <K. j KL6SMTxM d@ 1- Al R CONDI TI ONER TECHNI CAL FI ELD The present
invemtion relates to air conditioners, and 5 in particular, to an air

~~condi tioner that enploys a flammable refrigerant (|nclud|n
flrammabl e refrigerant, this holding true throughout this s J ﬂﬂ%mﬂmwm
BACKGROUND ART In recent years, there has been proposed an ali ner
“t.hat enpl oys a flammable refrigerant of R32 or the like as an &f¥&native
réfrigerant substituting for R22. In the air conditioner that enploys this
kind of 15 flamrable refrigerant, there is concern about an accident such

that the flammabl e refrigerant | aalsconorrtibgernsi de of an mm“mmmmmmwmor a

refrigerant pipe (connecting pipe) connected to the indoor

outside, causing a fire or generating a toxic gas due to defici

oxygen and 20 thermal deconposition (referred to as an "aCC|dent o afire
or the |ikgghynfoMgVererpt 1s difficult to say that conventional air
condi ti oners have taken sufficient neasures against the case of flanmable

refrigerant lea%heZ%resen% DL SERCRURE {1 atE INVENE QG ¢Qictietd, Y anidhe

object of this inve t|on I's to provide an air conditioner capable of

preventing ;the acGi, d d ra% ory jthe dJrkh ta¥eR A N & Ca31Q0ysd a

f I ammabl e ré%rlgeran eék % $Fder’to achieve the above- nentloned obj ect,

the 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, there 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 generating 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



~present invention provides an air conditioner enploying a flammable
refrbgerant, conprising a sensor that is provided on an external surface of

-an indoor unit and detects a 10 flanmable refrigerant gas. The air

condi tioner of the present invention is provided with the sensor that is
provi ded on the external surface of thesindoor unit and detects the

“f.l ammabl e refrigerant gas. Therefore, when the flammable refrigerant 15

| éaks fromthe refrigerant pipe (connecting pipe) connected to the indoor
unit into a roomor when the flammable refrigerant that has | eaked inside

t he i”dPOVDE?%ioébﬁﬂﬁokoTﬁﬁeIQVEﬁ&@@NOf the indoor unit through a gap of
t he casi ng, en the refrigerant that has | eaked and gasified can be 20

detected by the : ere e, ohtckf epabl edit0 ifFHBtACWAr RENgtbased
on t he out put o?égﬁgaggﬂggf o?ﬂéhu?bé?F%thg re?r%gerantécirguit. Ag a

resylt, t he_acci,dent of fi A i k e prevepLe kpgor d to
achi eve th8r8869 -néﬁtigggd %gFgEF?B?ﬁg 2§a%?§%§nt angn%igﬂtprgvidgg an

air conditianer ich i . I royi ded L NdoQy ide hgwsi ng a
heat exchaﬁSE}dSthaOEaﬁgi%ﬁ%ﬁ???% %g%inghgﬁat&%%g gﬁiinlet g%ﬁ% a%g ang

outlet port, rotates the.fa d.tLews the flammabl e refrigerant through
t he heéat e%&ﬁgﬁﬁ edﬁF?%éggggﬁgt%gﬁ%'perforning 5 heat exchange betmeeg air

taken into the GasingLhr eyon hi&dd! EhePUtovdlthedts dedmab) &ct of haer ant,

and bl ows out t
present invention provides an air conditioner employing a
flammable refrigerant, comprising a sensor that is provided
on an external surface of an indoor unit and detects a
10 flammable refrigerant gas.

The air conditioner of the present invention 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

15 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

20 detected by the sensor. Therefore, it is enabled to issue
a warning based on the output of the sensor or shut off the
refrigerant circuit. As a result, the accident of a fire
or the like can be prevented.

In order to achieve the above-mentioned object, the

25 present invention provides an air conditioner, which is



‘-air that has undergone the heat exchange to the inside of a roomthrough
the outlet port, conprising a sensor that is provided on an external
~surface of the casing and detects a 10 flammble refrigerant gas, and a
‘control section for executing control to rotate the fan when the sensor
_QQtects the flamabl e refrigerant gas._3Jhe air conditioner of the present
i-nvention is provided with the sensor that is provided on the external 15
surface of the casing of the indoor unit and detects the flammable
refrigerant gas. Therefore, when the fiammble refrigerant |eaks fromthe

ref i ger ang Bl PECGCARRECH NG dIoRelrieNNRSihd & Uikeat nelochianget anfioaa oom
or when th | ammabl e refrigerant that has | eaked inside the indoor 20 unit

flows to thg outside ok st ke diRdodmaidad harouphl & geprof ahbieanasungett hen
the refrigerant that has | eaked and gasified can be detected by the sensor.

When the senser delietls (i fEATRRLE Mek/d ag@nt gasapleregrigelanect i on
executes conirbl to rotate the fan. By this operation, the 25 refrigerant

gas can bedif Lﬁlﬁedtltig & aeﬁ%ﬂ%ﬁ@%&""t&l@?iﬂ&t operdt iirfhepetfarmtihg | oner

fl ammabi | ity Pt concentration by virtue of “an-air flow generated by the
rotatizon Ogﬁéﬁeg%gﬂﬁnbe'b%tWeenaSE%OWaQEnaﬁhtoWQh%hcﬁ%ﬁn@eQPrbﬁﬁﬁnth@t0 the

fﬁsin&hthr n°et “port an | own out to the inside of the 5 room
roug thegﬁ% L%%ﬁ%ogkd %%eafﬁgiﬁg%ietQ%fﬁ%%%g%gk,ogn@ bi1b®sObulthenlel ke

can be prev reover, thé tan has origi'nally been provided for 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
10 flammable refrigerant gas, and a control section for
executing control to rotate the fan when the sensor detects

the flammable refrigerant gas.
The air conditioner of the present invention 1is
provided with the sensor that is provided on the external
15 surface of the casing 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
20 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. When the sensor
detects the flammable refrigerant gas, the control section

executes control to rotate the fan. By this operation, the

25 refrigerant gas can be diffused to have a concentration not



-indoor unit, and the hardware that constitutes the control section can be
made~conmon to the one that has originally 10 been provided for the
~operation of the air conditioner. Therefore, in applying the present
invention to an ordinary air conditioner, no particular cost increase is
caused. In an enbodi nent of the present jinvention, the indoor unit is of a
“floor type, and the sensor is provided in a 15 |ower 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 1lanmmahl hr .ecf r 5%%{ apthe t NBleRas laalsed 1fikQm 1 161 ¥ eEpheenanht pbRe by

(connecting connected to the indoor unit into a roomand the

flammable rgf rth%er 3Nt DAt has. eakedalas dy the ideenounite and fraayed out
of the indoor unit t hrough the gap of the casing tend to be collected on

the i ndoor floor. ﬂh&bﬂéfcaﬁ aeeehding, tibdher akén condbt ikarera@firighi s
one enbodlnent e sensor is provided in a |lower portion of the indoor

= through the inlet port and blown out to the inside of the
5 room through the outlet 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 the hardware that constitutes the control
section can be made common to the one that has originally

10 been provided for the operation of the air conditioner.
Therefore, in applying the present invention 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

15 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)

20 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,

25 the sensor is provided in a lower portion of the indoor



~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. Mreover, if the control
section executes 5 the control to rotate the fan when the sensor detects
the flammable refrigerant gas, then thegflammble 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 has been taken into
the casing 10 through the inlet port and blown out to the inside of the
roon1througggkhe Q%gfaﬁdygj,tﬁgdfhgmﬂgggetQéﬁ%ﬂéé&dﬂﬂ“@ﬁ&rabﬂmacﬂéﬁ

hi gher than e | ower anmabi ity limt concentration. Therefore, the

acci dent Ognatﬁhr?nﬁ&o&h?lbb%ecgﬁnré@hEEQQYerdﬁtéﬁﬁﬁaeﬂy thel BeaBor.
enbodi nent ~of e present 1nvention, the indoor unit is of a ceiling

recessed t thepsensen deditPiodvidesd 4 & | eNer1pRet £8A tBatabelongs
to the ind%ggrﬁgggeéngh%aggguteztré§2f€e side of ceiling board. As

descri bed ﬁg?ﬁieﬁéﬁﬁéd?nn38%§05gzﬂg¥¥aﬂﬁeo%0%%%é¥)§ECE{@h|E&@Cb@§sthe

property t eavi er an alr.” Therefore, when the indoor unit is

set | Ber C?h'sg %’n(té:%q. féqawgpé@ergﬁéi genanh dhatndaseh eakedoteory! hoe

refrigeran onnecting prpe) connected to the indoor unit into the

oom and L he Trareb L Sl aalant L hatpads difkedadnab il 4@ g erageor

unit and fl t he"ou oor unit through the gap of

L0 251 OB B L ) BRI BpecelBiting ot

accordi ng oneér "ot this one e I ment, thée sensor is

provided in the |ower portion that I indeor R Yt ang faces
the roof s éb@%eTﬁéFé ¢ HHE %fgggﬁfggéE%gﬁégﬁéﬁﬁqbag ol ledted i the

o a T1re GR8 ELPIPLaRoFel iUbrS) baH cUBRY od 1% an SRk Fere o & he

of afire . . prevent n an embodi nent of the
overtthor { IGHFBIIH HE aeh hE oP ST he SPRIGAP Anid ant QB Bcte20F | St
olrl serant gos Lesked oyhhe GuLpLEe a0 Inslde 9 LIedndonr v o
Lhe Prover y tal Ll Ag, eVt el obben plr. pEienglare e Al s
condi 1 onelCRHCTIE AT | FUBRELOESasSBR | *CFE Sehs aF 20 Torar PAngadf at
the opening located in the I qwer portion of the casing of the indoor unit

and det ect sLikR FammRIaPYBRe SRR that has | eaked to the outside
and inside of the indoor unit. Therefare, not only the fla bl e,
refrib®rant gas tHatahaPAerpt £ h@%ﬁ%?%%n%fflrf‘ﬁeen%r?’nd%}b? TP Hut
al so the flanmabl e refrigerant gas that ha Ieakedgiqiide t he indoor

unit can relhbl ysheofetdcted 1Bt HEECRTREST . CHREr of BF 8EBPEENtTOf a

fire or the like . .
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 indoor unit and flowed to the outside of the



can reliably be prevented. Mrreover, it the control section executes the
control to rotate the fan when the 5 sensor detects the flammble
“refrigerant gas, then the flammable refrigerant gas |eaked inside the
indoor unit is effectively diffused by the air flow generated by the
rotation of the fan, i.e., the flow of_gir, which has been taken into the
‘casing through the inlet port and bl own out 10 to the inside of a room
through the outlet port, and is nade to have a concentration not higher
than the lower flammbility limt concentration. Therefore, the accident of
a fire or thgJirkeycan nelicily BRepreyenbed.tHOr eavehg tdwee f bammably
refrigerant gas that has 15 l'eaked fromone indoor unit and its

surroundi ngs,1qaRthe@l | @bl ynbe dptrecipabdy the sensorcaddier abooedinge tiondoor
unit is pernitte& to have only one flamuable refrigerant gas detection

sensor in qaider,{,0 QheyeRioAdEe 3eciaent ffe dedbd@imént hethekgenand dest
i ncrease can be suppressed. To 20 provide sensors for detecting the

refrigerant, gas de the PRt IARMNGL L 16K T Lagtanle s pesSLhbY lemwess, or,

for exanpl I'n each of e connecting portions of the refrigerant pipes

and the he%i%cmggaggesiﬁ%]tPsoi:n%%rceqni trh RS0 £, ARNENGIRAGRYIR t he
further

nunber” of séensors an cost "i ncrease. g_ In an enbodi nent of

the present, Jdpenti o Je @i Al Hionale GUBY Isthidmais Joliduity a

war ni ng when etects ammabl e refrigerant gas. In'the air

diti P . . = ' .
conal IC)n(;"rdechlecttel lbg)p?fgkgér rgg%%%?.\é\g’gﬂéﬁ_ﬁfér S LRsugdcwhentt Be SensYe

detects the anma erefore, the user can perceive the

| eak of the fl l.e refriger. deasures of ventilating the
or tahnérmlt%. Ke c?ar{ Or%ll%lf%}nﬁﬂﬁfeérfﬁe._

room calling serviceman repair In an enbodi ment of the

present inventi on, tahne e%ociliQneCr?I‘dei rprrg%’glq{g SESvéh CHH 1 o&hée&;ﬂﬁk for

executing control™d stop operation of a gerant circuit of the air
condi t | oner, when the sensor_detects the le r i t t he
air ci)¢1di t i ‘ohet™ 'F4H slrén%rba?eprgélnjtr?g t]rlloecarcﬂon{ r o| %&cg'ge%lt %gc?lpﬂe]lxoergﬁotgfesﬂt e
control to stop the ogperation _of the refrig nt .circuit of thy i

gseﬁg JRC0rs (LY | $h8 d%%e%%s of Y Sufidie

condi ti oner® 7t h@ r afmabl € refrigerant gas.

Ther ef , th fri t Cj it t of t - i i
Uhe refri gt Sl erieth | Soand TP kR ord | Shnabie 209 ot Fhitane e '

restrained., The flammable refrigerant remaining in the refrigerant pipes
flows to a R *R&tent fromthe | eak portion of the trouble, but the

outflowis reduqu Sééﬁfiééhrﬁﬁééf%§§§#éF {ﬁeaffgﬁﬁﬁhle refrigerant of
15 R32 or the like has the property that it is heavier than
air. Therefore, the flammable refrigerant that has leaked
inside the indoor unit tends to be collected in the lower
portion of the indoor unit. 1In this case, according to the

air conditioner of the fourth inventive aspect, the sensor

20 is 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



~I'n an enbodi nent of the present invention, the 25 flammuable refrigerant is
R32 or a mixed refrigerant that ._ g _ contains 70 percent by wei ght of
~R32, or propane or a nixed refrigerant that contains propane. The
ifefrlgerant R32 or a m xed refrigerant that contains 70 percent by wei ght
of R32, or propane or a mxed 5 refrigefant that contains propane are
‘regarded as promsing alternative refrigerants substituting for R22.
According to the air conditioner of this one enbodinent, the accident of a
fire or the like can be prevented when R32 or a mi xed refrigerant that

contains 7, QﬁéﬁeQBs@&e“Qg%hHﬂﬁod¥§%n£% &nprenangl9r e ndaesctred rbger ant
that contar ne percent by wei ght of propane, which are regarded as

pr oni si ng ﬁ&ggﬁ%&&ﬁk&g%e@t St BHPSLi BehRg Jffora R2Ze | @akshe BRIEE

DESCRI PTI Fig. 1is a sectional view showi ng a fl oor
type indoor, $n|% {hat 1 oqgé|t¢g§§ @i r copdicbiverer agcotdengcbatese

enbodi ment <3 s |nv ntionand Is viewed fromthe front with the front

panel renoved i showidig 1t heo abeva tiendogs want wHeavwedha0 from
the right- ﬁSﬁ S|dégﬁ%$H§% esﬁgsPﬁb partla?ly removed; Fig. 3 is a graph

shomnsg a chan e |n fgsq; de%g%hhgpl%ol}ggglggygnQCQQQQ;ngjkglcbﬁ@ge in
|ger§ﬁp

a ref ncen TarT on with a [apse of tine fromthe start of | eak;

-10 Fig. 4 ﬁg%g% g%@%n% %%E”féqgééf&ﬁgldé“%ﬁgniﬁ&boﬁeghuen1@f t he

gbove air grap ow ng a change in the sensor
etection volta V ut rd| cha e

concentrat@gﬁeé ahﬁgﬁs% £E4¥1 gq%elg%%?t %ﬁﬂ§%£E&§L?§; ghﬁs a
chart show ng 3%;?3& S rf%ngf'ow of the epghrok sectignieh bhe dagve air

pondltlonelrO ecti%nal “Vi ew show ng a’ ceiling type 10
embodi ment SRSV (G AR T T Rhe fr o B cPae ntop2Ba Bt
10 to the inside of a room through the outlet port, and 1is
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
15 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
20 provide sensors for detecting the refrigerant gas in the
portions where refrigerant leak possibly occurs, or, for
example, in each of the connecting portions of the
refrigerant pipes and the heat exchanger inside the indoor

unit leads to an increase in the number of sensors and

25 further cost increase.



"BEST MODE FOR CARRYI NG QUT THE | NVENTION 15 The air conditioner of this
invention will be described in detail below on the basis of the enbodi nents
~shown in the drawings. Fig. 1 shows the indoor unit 1 of an air conditioner
‘according to one enbodi nent, viewed fromthe front with the 20 front panel
_renoved. Fig. 2 shows the above i ndoor_gnit 1 viewed fromthe right-hand
side with the casing 2 partially renoved. This indoor unit 1 is of a floor
type, provided with a roughly rectangul ar parall el epi ped casing 2 and

pl aced on a floor 101 of a room 100. -11 As is apparent fromFig. 2, a

heat exchanger 3. whighehBSaenERUIR)Y #iect BREYLAE RaRatalep pask exter nal
shape, is provided on the front side of the casing 2 and a fan 7 is

provi ded bgghagtggﬁepeegmgasgQ@gg%a%sl erde dNE dNAPOfa ti hg Swhen AtHEAI N

pan 4 for receiving dew generated on the surface of the fins of the heat

exchanger §8b§ogr8¥tgggsjgﬁé ?féﬁﬁhbhé Qggglgéggﬁeg ks3. Further, an outl et

port 5 for oW n air s provided just below this drain pan 4. 10As

shown in Fig.1, 13 Ryl taolz nggm&wgepl Bes thd of ild it nda aubehi hger ant

bet ween an outdoor uni shown) and the in oorunlt 115 introduced into

the '%doorgghas%uggrgﬂgﬂ gﬂgoggﬁéogragkg@gs'Eh%lkgﬁﬁﬁaBQétE@@r?%e@hﬁtt si de

pl ate”2a of the casi € connectin 0 are connected’toa

heat - t ranst.er, pi pﬁlérg%o}@e el cygbanger, 3 gkLboyahnate shaug idr thge

figure. ThP&ai r condr t1onef e oys aflammabl e refrigerant constituted

0f R32 as 2 helhiagitaltrni %lr%n%o’anvc\p'tcﬂ{\’\@ﬂgl e 50Ut WRr dekchenelRg! es.

the20ca3|n5 | ower portion of a rlg t sideplate 2

arriger °Itht52§ FEOBTE L SIRSETSAE L4COE SRR 5ol e

refrigeran Ke ™ I's accomo I this e "30. This

11 f bot ht h d d
Abreto detect thetI ShmERPECRERA g tant e PrISERE CinetRATT e A% 0
t d inside of t d it 1 .M | 9 f
Cont 1911 | nGoPAS tORBRE: | GATBF ERE offti FEPEP coNRTEABRer ¢ pPAGEHSAFn an 5

upper space ace to the ri hand _si de of the heat exchapg i_n the
casing 2 FOP%% ﬁngﬁb STRR t OR® 9$ﬁ13?aP§1fﬁ'§%) ﬁ% Q? %}ﬂg?ﬁﬁngkwﬁgﬁ
abnornalltylsuch aélflannablehrefrﬁﬂerant | eak qg 0 ursabﬁe
erV|ded |ﬁ£§ SESE FéPBﬁfEEF(FBnLt F s%%??%ﬂd ik glarg1 th|ncludes
a lanp constructed of an ight emtting diode) (visible to the
resident vit&IZ19eFH&3E© not shown) and a buzzer to informthe resident
of the

he

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 leak of flammable

20 refrigerant 1is 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



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)y_20 Wen this air conditioner is
i-n operation, the flamuable refrigerant is sent fromthe 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 - t r ansfem qiiRes & Phdhediealy ot R3235 driheregfdresy dd evwed xed
outwardly of the indoor unit 1 and sent -13 back to the outdoor unit

through the Hthgfe Q8 Afhdthedianed ig¥binees 10. In the neantine, the fan
7 shown in Fig. 2 is rotated. By this operation, air in a room 100 is taken

into the casing ghd hnQugh q. @it | 30! &r P tni&kedf Zdfte darenit panelt and

made to pass between the fins of the heat exchanger 3 to exchange heat with

t he fIammﬂgéh€§¥¢§gﬁﬁ%ygrcéggaﬁyrwéﬂgﬁtrgﬁlyﬂpeﬁgpggdgyhéngﬁeﬁ&@hﬁﬂge is

fl oned downwar rough a gap between the fan 7 and the back pl ate 2c of

the casing AW Qi L ANE A bl Qlrd %%&Qf@dl% td¥mich e

outl et port 5. Is alr conditioner is provided with the gas sensor 11 for

detecting the LLAVRA e Lebibgetanl &Mt fkaCopoPORDoLNe Rl dimand

t he inside e casing ower portion of the right side plate 2b

of the casing 201,15 LifyJ 9N, W terkss THRL Shisusnhen thes Flaummbe

refrigerant connecting pipes 10 into t he 'room 100 or when

the flammble refyigegant, Lhat has heaked iasided bdnndanr dinid difdeve to

t he outside of 't oor uni rough “the gap of the casing 2, the

refrigerant Z%{QhS a@ﬁztﬁekeg 204 ,gasiqf g?edrnctcéﬁ}gt-f b%g@égahedo%y RIE 95S

sensor 11. Th anmabl'e refrigéera or "the like has the
property that it is heavij h Lr r Le, il amm d&fyigerant
t hat Lgs Ié%ﬁ%ﬁ???o%%tﬁehggeéoggggkﬁﬁégg?pgégfoCpﬁﬁgl%ﬁg ro é?ioo or the

f 1 ammabl e 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 1is 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;



-14 refrigerant that has | eaked inside the indoor unit 1 and flowed to the
outsi-de of the indoor unit 1 through the gap of the casing 2 tends to be
“collected on the floor 101 of the room 100. In this case, the gas sensor 11
i's provided 5 in the lower portion of the casing 2 and faces the outside of
‘the casing 2. Therefore, the flannable_%girigerant gas collected on the

fl oor 101 of the room 100 can reliably be detected by the gas sensor 11.
The connecting pipes 10 are extended | eftward fromthe indoor unit 1, and
the flamuabl e 10 refrigerant that has | eaked fromthe connecting pipes 10

is pronptly di fzfﬁ?ed gn 1@6_5'%%_r%Olsﬁéwmgbr@orzeoonqndfn@achseﬁ e gas
e

sensor 11 provi on the right side plate of the indoor unit 1.

Noreover, thg ) MLl die1J4 GaLandfata AT deakatbrf § nsi de the | ndoor

unit 1 ten ected in the lower portion of the indoor unit 1. In

for exanple, Fi Qf-i%l, she; 4| ampblgn’ ehidgHANG, sl has, | eakedddm a

heatt ransfer pipée joint por e upper left nd portion of the
heat exchan . IOV war e gﬁﬁr Q0,4 he. ] ef -hﬁﬂﬂ1 d jper tiyn of
the drain pageﬁtrezﬁsclr%\g_e?orll g vvar\gjuoi{/e?act e dczil(r)na('% nq;péan &4 fa gg@f rlom t he

i ght -hand edge PAIONGlLhe L AlD pagdnand 18achesst Renaeighperiigod of
t he gas sensor B o i R A caSe, the gas sensor 11 i1s provided in the | ower

portion of the tC_aci%nJgeaszS and faces not only the outside but also the

i nsi de of t?&?r casi'ng 2. Therefore, not only the flamuable refrigerant

gas that has le éﬁghtg %%e?ﬁgbgkggs égégg Ladear, uni b 1 Rute @5 £ h e

fl ammabl e refri t” g i'nside the indoor unit 1 as
Shows & charGLeTo THESBLBUTE (GEPSBTo ot et | S Vo T2 VB of the gas
Tapse of tine froMthd otar @ cFeFRARNARe e FRAfRAS) & r SFrgBTant TR aks
fron1{ge 1%}?Sgitﬂﬁgﬁfikég‘¥%ﬁé¥{¥u égtggna§g(%g§é¥%ﬂghégm%é%%¥ﬁing

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

placed on a floor 101 of a room 100,



“left-hand portion of the heat exchanger 3. As is apparent, the sensor

‘det ection voltage Vout becones 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 value indicated by the sensor detection voltage Vout
when the concentration C of the flammblie refrigerant gas beconmes a | ower
flammability limt concentration Ccl. 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
(S1) and deternhpes Waghhgkn®! 10 tHig Sensy Kledecékenangét age Watthi s not
| ower than the reference value Vref (S2). If the sensor detection voltage

Vout is o h r | yer¥ietiephpBdi bxterdatesnbped tbat the
25 fl ammab egr%f??gggg t§%§E§ggﬁﬁégkggf and Fﬁegrefr?gefant -?6

Concent 1 LanJBLACLLONY bl 35 senser b Lol uad: nem hessenso
| redi ot ol FEPYSHRY BB iRe" TR RS CPuLASRRE 50 1sTEdenAdnBaen una 1S O
[ ashed ang the buggery | .eehedle LS G dgbh b i @yeanal hal
MRt 10, BLLALS0SE AL e Ie UPeont Rk sbiEl oLt gm0

ke i'sallo e nmeasures of ventilating

e r oM edtisss B Lo £ A kB d P " G chS | afe ouiliedopRle idhe

control execu t e control fo stop the Operation of
the 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, is 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



‘refrigerant circuit upon determning that the flammble 15 refrigerant is

| eaked (54). By this operation, even if this air conditioner is in
"operation, the refrigerant circuit can i mediately be shut off by the valve
.that exists in the refrigerant circuit, and this enables the restraint of
_the leak of a large anmount of flammablg 20 refrigerant. As a result, the
accident of a fire or the like can be prevented. In this enbodi nent, the
gas sensor 11 for detecting the flamuable refrigerant gas while facing both
the outside and the inside of the casing 2 is provided in the |ower 25
portion of stBechhghhasi deaRkat €c2bnef ohbeigashng 2Zn8idthefr thd7ihageer unit
1. Therefore, the flanmmble refrigerant gas that has | eaked fromthis
i ndoor unifjnitand 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 getectbpg the Jdammbl getef bhoesantsgagdnt r@dahd otpEevent
the accident of a fire or the like, and cost increase can be suppressed.

F19- 5 ShogseaaelBRies %A At o f 2ensahidebaet! Al YOIdRBRId VOHL a0l the

gas sensor according to a change 1n 10 the refrigerant concentration C

wth g 'apagﬁgi tgg{gﬁér ;gg}iégsnﬁt% Phe! %Iﬁh‘ﬁh%%nhlhes{é@”%blﬁué efeiger ant

| eaks fromthe he prpe joint portion X |located in the upper

or o BRERRAGeR] 5 6 PRA' (EXTHANGCh 3 REPSHUBBR: Ghik AOT oLy 3 certain

period. In e value i ndicates a nge in the refrigerant

cxporiment . On' T SLHE Rénd O% n-UATRe Q1 PRBERedRant, BREbEATIER 1Ne

experinment. On e I cates a change 1 n th
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flammabl e %%E%%g%%aghode) (visible to the resident via a front panel
not 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 1is in 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



-18 leaks. It is to be noted that the reference value Vref shown in Fig. 5
corresponds to the value indicated by the sensor detection voltage Vout
“when the concentration C of the flammable refrigerant gas becones a
reference 5 concentration CzL not higher than the lower flammability limt
cancentration CAL. This reference concemration CLL is set as |ow as
paossible within a range in which it can be distinguished from noises. Fig.
6 shows another control flow of the control 10 section 9. As shown in this
Fig. 6, the control section 9 constantly detects the refrigerant

concentrat i@rxC byt 988t886s0rudit ( Shkbuahd geéerdtiiws whet hef ahenot
t he sensor detection voltage Vout is not |ower than the reference val ue

Vref (S12) oddnddtamsensiffedet@cti on theValcbagaméuities faner shawnt He
reference value Vref, 'then it is determned that the flanmabl e refrigerant

i's not |eakqd, andd heyAldd 9ergntnianeprirhatiba) deteqh an divnt hewas
sensor 11 is continued. When thé sensor detection voltage Vout is not |ower

than the refalance,yal e VESLing0ot Relkdg & Upterm ned1ihapothe &l ammabl o

refrigerant 1s ed, an wafning 1s immediately issued by the alarm 12

(S13).¢ In GQQCT ELSy e t BEnLEDbAMd S 85Badsand iR hUAZE" £l Asbegnathd 0

informthe Tesi e event that the flammble refrigerant is |eaked

through his are p%réqc%ea@l?%rof 3253l gggcggﬂggeaﬁégﬂ BV hi hOPer Pdrinib1 & he

user can . perceive that t ammabl e refrigerant is | eaked and is

al l'owed to egflﬁr%%r{?.:rslgﬁﬁe&{r VeRit | Lk ngnbBeghRAM:EQ0 heedl ldsitthange

servi ceman pair I ke. reover, the control section 9

| mred! at el ; XPNEP dOG L Ohr 0007 LOLARCLERGCLAN thedMrS ORdd & he

operation(ﬁst e retrigerant crrcurt upo etermning that the flanmabl e

refriger antb%‘*ﬂé{gﬁ% g &@1635 ft%)é rﬁsgtdéggz tmdfﬁfov?ln Bﬁﬁof‘t!oa@%blfnside

refrigerant | eake rom nnecti ng pi pes into the room 100,

the f] ammabl g r.efriger t 0 | i.nsi the indoor unit 1 and

furth 6 thé’Igﬂﬁnﬂﬁéyriéqi%ﬁg%ﬁggdégafﬁa?ﬁﬂéé iégﬁ%a i nsi de the indoor

unit 1 and flo to the outsi. of the i I if.dt u of
W&ﬂBb §ﬁ$§8PFF QS é¥% {1l &1%h @58 %ﬁé*g%

the casing 2 can S eftectPV used o have a concentr on not hi gher
1o gener ot ba"®§ GRESF btV Shof ‘PRESPIS Fertigtiatt, G Whn PR (e
'nei de of MR oGO g e Tout BT Per 08, ThE SR 1© e SR dent
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circuit can i medi ately be shut_ off b¥hthe val ve tg%t e§h§§5 %faﬁ$§%le

refribérantt%?rc699°85en this ai FPEhREPEFonelF8 i - Bper 2t T BN and
this enabl es the restraln, 25 of {he,loak of 2 aras ammon ol L srpgpl

room 100 or when the flammable refrigerant that has leaked

inside 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



-2 0 aresult, the accident of a fire or the like can reliably be
prevented. In this enbodiment, the gas sensor 11 for detecting the
~“flammabl e refrigerant gas while facing both the outside 5 and the inside of
‘the casing 2 is provided in the |lower portion of the right side plate 2b of
~the casing 2 of the indoor unit 1. Therefore, the flammable refrigerant gas
‘that has | eaked fromthis indoor unit 1 and its surroundings can infallibly
be detected by the gas sensor 10 11. Therefore, this indoor unit 1 is
pernitted to have only one gas sensor for detecting the flammable

refrigerant.gasqbRaRtdensdo wievenhkthe iagaiddenth®f iadbbke writt he khke, and
cost increase cg ge suppressed. Mireover, the fan 7 and (hardware that

constituteg) Jvég%t 8 %Wét e S I hear g 0iwal ¢ y1 peavbden the the
i ndoor unit ? herefore, 1 n applying the present invention to an ordinary

ar condi thanghe M1 I £ULERASORD bRCIRATR SR RIS Ahe FT UooX 30DUGLA
cross-section of the door unit 50 of 20 an air conditioner according to

anot her enpodi fent, 1vdoeweqnf 12 S5 CH So48090% 5981 11501 proyidese | i ng

recessed type, mhlch 'S rOVI a roug Iy rect angul ar parall el epi ped

casin 5210391? Iovve et 33%% acequhésl%f oA e, & 0om2Q0rgkds. thedeg@saeve

panel e casing 51 is provided with an air

inlet grill fS?th‘)eer? 21 Iggczat e ﬂ&&gf@t e§%go§ialgﬂab%r rglft,_,hagrggﬁt %a%5 55,

| ocat ed ions, and ere I's an air pasSage 56 | ocated
bet ween t he |nlet r II [ u- t 5, Ehe
casing 51 Fﬁ?&@ﬁgldyoﬁgéla Ségdﬂ$q%§£ ﬁ h?a gﬁ Fggaﬁgg fﬁ§§a§égf51
portion, thls r baof.an I raI I
ar r anged at t@éiﬁ £'1‘> P aqss in rplul rh% %fonl?ie 3?1(;5%113%% 10 -are

|nt eCII‘CU erentia ireCtion between a
S0 a5 1o SEMETAFY M 16 a"ﬁg&nﬁ%‘%ﬁfé’ ffieﬁﬁtteeﬁfaa O
i hot SRS Gt o d et rfo?f?he e S T
Space 15 203 QAT pRhEEFSEAGR NERS; dd biiat 'ﬁ%ﬁgt%%%%%i‘lﬁ?' e
xchanger GFAGHRL IR STt SShBRh ﬁﬁ %Eﬁv??%‘%}r R e L
enpl oys a flbargrflatbtlhee rlerMoogrer ant constl tuted of R32 as a refrigerant.
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 joint portion X in the wupper 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 1l. In 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 A gas sensor 71 for detecting the flammable refrigerant gas is nounted
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
't0 the outside of the casing 51 and buried in the 25 external surface of
~casing 51 so that the sensor does not _j5-2 2 disturb the work and the |ike
‘for fitting the indoor unit 50 into the hole of the ceiling 201. Wen this
alr conditioner is in operation, the flammable refrigerant is sent fromthe
central unit to the 5 inside of the indoor unit 50 through one of the
comnecting Qihgy & UNdRkrbleEONUIA  Bh1YNAHRONE [masTe | oRskagkrahaw),

fl owed t hrough e heat-transfer pipe of The heat exchanger 60, thereafter

f1owed outwardly .qf pthe 1i04Q0r tunithe5Quaad ggerl Ragk thaobhe uaght nabutni t
t hr ough thgggthéﬁ%lgggnéeo?%t g%conﬁecfing pi pes 80. In the neantine, the

Lurboran S8uisd "G £lamflol 01 200PTLALLAR, Bl diihi NRad 00BMRAD imstiakeen

into the casing eiln grill 54, noved up and bl own out in

the centrifuygal .di.rection, by {he bl 59 hey d 1rhof d
ther oaf t or Wde 1APPE pBALENel s CRECFIRS o “TRL hear enshanaer 66 to

ins of the heat exchanger 60 to

exchange heat_ wi.th the fla le.refri.gerant. The air that has undergone
t he hg’gt e erji:aeﬁd-'gq tsb}?eltglv(\e/e?g%g\ﬁ%vr\}as%grtlhr'ough the air passage 56 and bl own

‘out to the inSi3§ﬁ§2f§ﬂ%<§39n5Zgg?ﬁgéOyghthgeOQQEFSEQQ%%%°§5fﬁgg“yﬁﬁﬂ‘the

flammabl e refri S from connecti ng to the ceiling
ndoor uni V50 TR U 08 RE AT R s e 20T TRl The AR (he

i de 205 of G s it Rt T LY M e T R o
gas sencor ARG B AHIeHT (TE oRBPRREIS (T St T ot & e Titoor
expostll o N9 QLR ThEof DIRE clsiiy BRECHB: df of BOoPRG. |'dhicsHer | HAkD e
enabl od 0 YSEAE AP Ao P haSed b APAC GEERR B (Ao Enet TR0

the refrigerant circuit _under, the .
gthe 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 value indicated by the sensor detection voltage Vout

when the concentration C of the flammable refrigerant gas
becomes a lower flammability limit concentration C.

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 (S1) and determines whether or not the sensor detection

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



10 control of the control section. As a result, the accident of a fire or
the Iike can be prevented. Al though the flammble refrigerant is
‘constituted of R32 in each of the enbodinents, the flammable refrigerant

i's, of course, not limted to this. This |nvention can 15 broadly be
,applied to air conditioners that enployjg.flammble refrigerant such as a
m_xed refrigerant that contains 70 percent by weight of R32, or propane or
a mxed refrigerant that contains propane. As is apparent fromthe above,
according to the air 20 conditioner of the present invention, even when the

flammabl e redddaaratide depkediont h@%I epkedak! aemgblre 1nefird gesaincad, be
detected by the sensor. Therefore, e accident of a fire or the |like can

be prevent ghen 8he2 sAnGA Mitdet #5h a{réleg?él Viorer; £Mbeyilkded ftrarabl e
refrigerant, conprising: a sensor (11, 71) that is provided on an external

5 surface ofp@nyhREPEhcENiv 1Lk \ﬂQﬁf angdndgt a¢t s; A aé@m@h@dr%raltgem@t
gas. 2. An air conditioner, which is provided wwth a indoor unit (1)

housi ng a F@fgr?ﬁ'—%@ ng%f£§2;e§aﬁta fan (73aicga de dds 2! Yrhdhdt hats has

an inlet port and an ouflet 10 port (5), rotates the fan (7) and flows

the fla ﬁnéc‘?{a{ﬁ aﬂé ﬁé‘&oﬂghthgeaﬁ%% gxchanger (3) &de&éﬁrou on,

perfornlng eat exc etmee air taken into the caS|ng (2) t the

inlet port (@8) ﬁé&ﬁatl‘ﬁeﬂé‘gﬁg lgnﬁeftﬁ'eg%ﬁ%me’r. ggd éof@ P roomt ﬁ%ruﬁ@at

has under gone t at exchange to the insi
outl et resident of the event that the flammable refrlgerant 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 9 immediately

executes the control to stop the operation of the

refrigerant circuit upon determining that the flammable

15 refrigerant is leaked (S4). By this operation, even if

this air conditioner 1is in operation, the refrigerant

circuit can immediately be shut off by the valve 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



"port (5), conprising: a sensor (11) that is provided on an external surface
hof the casing (2) and detects a flammable refrigerant gash and 20 a control
'section (9) for executing control to rotate the fan (7) when the sensor
(11) detects the flammable refrigerant gas. 3. The air conditioner as
.claimed in claim1l or 2, wherein 25 theg-ndoor unit (1) is of a floor type,
and -2 5 the sensor (11) is provided in a |ower portion of the indoor
unit (1) . 4. The air conditioner as claimed in claim1l, wherein the
i ndoor unit (50) is of a ceiling recessed type, 5 and the sensor (71) is
provi ded i ApasheWeiniROr 11 on titate fReQngBhé O flAGmandeorrefu 1gd: 5t agdsf aces

the reverse side (202) of ceiling board.

that has 1leaked from this indoor unit 1 and its
surroundings can infallibly be detected by the gas sensor
11. Therefore, this indoor unit 1 is permitted to have
5 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.
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 value 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 leak and the
20 rotation is 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 Cg when the fan 7

25 is rotated immediately when the flammable refrigerant



5. The air conditioner as claimed in any one of clains 1 10 through 3,
_wherein the sensor (11) is arranged in an opening (30) located in a |ower
‘portion of the casing of the indoor unit (1) and detects a flanmmble

refrigerant gas | eaked to the outside and inside of the indoor unit (1).

.6.. The air conditioner as clained in anygone of clains 1 through 5,

conprising: neans (12, 9) for issuing a warning when the sensor (11)
detects the flammable refrigerant gas. 7. The air conditioner as clained in
any one of clainms 1 20 through 6, conprising: a control section (9) for

executing ciyupl torstigp epebat iited ankhef rdger sgtecén€sli valiet heref r
condi ti oner when the sensor (11) detects the flammable refrigerant gas.

The air congdidiPneR 85gC! 8 MRE s RMAONG Ofn&l @hBeliddithAtedgiby’, tivdier ein

-2 6 the flanmabl e reffigerant

70 percent by, vl ohtt 9+ B3R, vBh tRHBPaRR Ot X8 Eehtkgerartohhal of
cont al ns propane.

Y@ ASAGE (Y| AR ATAS - APSEAYASAYL Ao AN ooy, AFE! . Al At dde A VY.

Ahf . AA@ AAS. A F. AhS. AYUr . Al U@ AF, “AUF . AF{y

5

10

15

20

25

A3#S
concentration C;; not higher than the lower flammability

limit concentration C,. This reference concentration Cy is
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 is not lower than the
reference value 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 1is continued. When the sensor detection
voltage Vout is not lower than the reference value Vref,
then it is determined that the flammable refrigerant is
leaked, and a warning is immediately issued by the alarm 12
(S13). 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 wuser can

15

8.

is R32 or a mxed refrigerant that contains
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circuit upon determining that the flammable refrigerant is
leaked (S14). By rotating the fan 7, the flammable
refrigerant that has leaked from the connecting pipes 10
into the room 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 virtue 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
exists 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
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a result, the accident of a fire or the like can reliably
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
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
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)
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
an air conditioner according to another embodiment, viewed
from a side. This indoor unit 50 is of a ceiling recessed
type, which is 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

of the casing 51 is provided with an air inlet grill 54
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located in a center portion, air outlet ports 55, 55,
located in peripheral portions, and there is an air passage

56 located between the air inlet grill 54 and the air

outlet ports 55, 55, ... The casing 51 internally 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 regular intervals in the circumferential direction
between a main plate 58a and a side plate 58b. Then, a
heat exchanger 60 is 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 are 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
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disturb the work and the like for fitting the indoor unit
50 into the hole of the ceiling 201.

When this air conditioner 1is 1in operation, the
flammable refrigerant is sent from the central unit to the
inside of the indoor unit 50 through one of the connecting
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
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
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.

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 1leaked flammable refrigerant 1is

collected on the reverse side 202 of ceiling board since
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the flammable refrigerant of R32 or the 1like has the
property that it is heavier than air. 1In this case, the
gas sensor 71 is provided in the lower portion that belongs
to the indoor unit 50 and faces the reverse side 202 of
5 ceiling board while being exposed to the outside of the
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 wunder 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 mixed refrigerant 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.
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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), comprising:

a sensor (11) that is provided on an external surface
of the casing (2) and detects a flammable refrigerant gas;
and

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

3. The air conditioner as claimed in claim 1 or 2,
wherein

25 the indoor unit (1) is of a floor type, and
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5. The air conditioner as claimed in any one of claims 1

10 through 3, wherein

the sensor (11) is arranged in an opening (30) located
in a lower portion of the casing of the indoor unit (1) and
detects a flammable refrigerant gas leaked to the outside
and inside of the indoor unit (1).

15 6. The air conditioner as claimed in any one of claims 1
through 5, comprising:

means (12, 9) for issuing a warning when the sensor
(11} detects the flammable refrigerant gas.

7. The air conditioner as claimed in any one of claims 1
20 through 6, comprising:

a control section (9) for executing control to stop
operation of a refrigerant circuit of the air conditioner
when the sensor (11) detects the flammable refrigerant gas.
8. The air conditioner as claimed in any one of claims 1

25 through 7, wherein
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