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D 1.5 x 10-5T7181 1 1
B D (Ten Tep)014%5 - (V7 + VG2 M, ' M,

(2-5)

7277 U, Tcu, Tes: BRFIERE K, Ve, Ves : ERAELARFE cm3/mol.
AWFZEN T BB & 22K OYE % % Table 2-2 1257

Table 2-1 Simulation outline

Room Showcase
Software ANSYS Fluent 2021 R2 ANSYS Fluent 2019 R1
Simulation Unsteady and compressible flow  (Ditto)
Species transport 2 components (Air - Refrigerant)  (Ditto)
Turbulence model Realizable k-¢ (Ditto)
Solver SIMPLE Coupled
Scheme 2nd order upwind (Ditto)

Table 2-2 Diffusion coefficient
R290-Air R32-Air R744-Air
Diffusion coefficient [m%s] ~ 1.11X10? 1.35X107 1.59X10°

FBREET OV TOMEE Fig. 2-1 LN Table 2-3 12 F & 7o, FHEET MI%ER T 2 mEmIE
BROT= DI LTEFERE L RFEOY A XA THDH. KE I3 3800 mm X 2400 mm X 2550 mm C, =7 =
OIS, ¢ 100 mm OFERE E R 7 FEM 900 mmX7 mm Zi%i1T72. A v 2 (3R EEAH)<
2B X LT, IWRGERE X, TEC 60335-2-40 : 20182225 & 4 min TEEENICHKE TS XL
TWa, BT L TIE, @ OHE TIZR290 & R332 255 E Lz, £7-, HERMEER & oo
BRIZ1Z, R290 DV IC R744 2 2. ZhiE, R290 DRBRITAE KDOERN & 572, MBI
R744 TREL7E=DHTHD.

BEHN T R & IR E & KENE O A Fig.2-2, Fig2-3 IRT. ELHHMVvALAEREH LA
ZHoTnod., BEREMELE LT, BWNAAOTIZARRHSESEL 5 2, REM L O TIE— RtESE%
RELTWS. SRR ﬁ%%ﬁofw@w.

M EIRIRAZ I BN R AR T DT DIZENE T 7 o 2 B8 S ¥ DD 5% Table 2-4 [ZF & 7.
7 7 OBBB AN IR 30s h & Lo ENEEORE L LT RVIAZR O EREHLARDH Y,
W NAZ A B H| LIz ENERICH R E ARG Lo T A ZREHT Lo IcET /LT 5.

Wall-mounted urit

Fig. 2-1 Modeled room
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Fig. 2-2 Details of wall-mounted indoor unit model Fig. 2-3 Details of floor-mounted indoor unit model
Table 2-3 Simulation condition
Refrigerant R290 and R32
Leak amount Evaluated
Leak time 4 min
Boundary of A/C model 1 outlet and 1 inlet
Floor Area Evaluated
Ventilation Exist (Vent)
Table 2-4 Fan condition
Flow rate Equation (2-7)
Direction Vertical direction for wall-mounted unit, horizontal direction for floor-mounted unit
Process Process 1: 0~30 s: Refrigerant leak

Process 2: 30 - 240 s: Refrigerant leak with fan operation

Process 3: 240 s - : Fan operation

222 ARRBHERICESLIaAL—IavETILORYMERE

ABFFE CTIEAEIRIREERIZ X > TREASARIEZITV, FEFHRIZ LV RO 6N [FALE T O ER
JEE T 5 Z LI KD BT NVDOZEEDORGEEIT - 2. FBREOHEL, Fig.2-1 IRT#Y ThH.
BEEIZIIW B Z A5 0 11F, RUZ B BAELRWE S ICER L., A L2GEIT R32 & R744 ThH
5. WO RHIL Fig. 2-4 IR T TH Y, HH L7#EROEEkE Table2-5 ICFE L DTz, v A7
n—ay hr—7 X R32 HTHDHA, R744 DERRO & T XHEREMEAEE L-. BiEE2kH S8
FENITEER T RNOALTH D, NEBEZHELL, WEHLOLLHEEZ S —ICHH S E 572912,
PR 2 B U 7o B OFERIX % Fig. 2-5 1277 RE L AL 688mm X 100mm DK E S THhDH. i
AB I DN TNRND T, JREE 100% DI — 70l B TH S s . EBLREORIEIZ SV T,
BEHREORBE RS 2L &, MRICEDRMERAESERNWI L ZHNE LT, BRIEEFZHNT,
W SR FEE DY B O VIR FE A HEE T 5 7 1B . IR IR X o 1 IR SRR X o, & W IR SRR T
Xozatm D HR2-6)% W THE L7,

_ XOZ,atm - XOZ

Xref = (2 - 6)

XOZ,atm

14 HF X TOMRREFHIOWVWT, R744 AWV TEERIREZOHAEY 1 6XQ-1)E AW TER I
% R7TA4 IREIZOWTHRIEZATVY, WIRE ZAEM DO 2 %DORKE THETE 5 2 & s L. &iE
LB X Fig. 2-6 IR T80 14 fEFTE L7z, FEBRSMIZEI L CTiL Table 2-6 I2F & 7=,
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Fig. 2-5 Internal structure of wall-mounted air conditioner

Table 2-5 Equipment specification

Name Type Specifications
Mass flow controller Fujikin Gas: CHyF
(FCST1500M) Range: 0~250SML
Accuracy: +2%F.S.
Oximeters ICHINEN JIKO Gas: Oxygen

(JKO-0, Ver.3)

Principle: Galvanic battery type
Resolution: 0.01%

Accuracy: £0.5% (= 10 vol%),
+0.01% (<10 vol%)

Table 2-6 Experimental conditions for validation of CFD model

No. Refrigerant Air Refrigerant
vent amount (g)

1-1 200

ii R744 exist igg

1-4 500

2 R744 none 500

3 R32 exist 500
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Fig. 2-6 Concentration measurement points

Fig. 2-7 |21 Table 2-6 (235 1F % kB4 No. 1-4, No. 3 Oll7E £ Group A (235 1F 2 FHEAE & ERIfED
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A R W TR EH LTV E, 240 s DARRIIMBER TR 2 IR T LT <L IFFES AT E
fE & FHEEICTRBES DD, =7 a v ERNEORE ML O, RO, N7 Lz
DAYy 2N L, OEMNCHABRASD DWIEHHT 2 Lo ICBEORRE T RTHZ LIk - T,
TEEEMN D22 205 Z & B Uiz, FERAYICIE, Fig2-7 ([T & 912, FHNME & FHRMIT A B 20 ks
T—HLTBY, ZEOWHAZZHIEHK TS LEZI DN, ZfiquE%Tﬂ/@té%’l‘f%fﬁ%b\lkﬁi%
.

6.0 - - 6.0
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Fig. 2-7 Validation of calculation model
(Comparisons of concentrations between calculation and measurements)
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BIZB4 25 A

Mppar = F X LFL X A X 2.2 2-7)

EBREICARBEF A2 038 & LTHEL,
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W27 7 o DOREONE L TIREINTWVDHQR-8)2NE | K(Q2-7)DFEH &, FHH CTH IR
(240s) Z fLAEDE D L KQR-9)DEHOANEGEHN D,

P 5.4/ Agypqe’* -
omin — 1/4 — 5/8 ( )
he "*[LFL(1 — F)]

72120, Vi @ 22K E m¥h, A, R DS m?, myeqy @ MBS ke/s, LFL : #ABE FERS kg/m’

9.75F'3/4 A3/4LFLY/8

Ugjr = X (2-9)
air tleak3/4(1 _ F)5/8 ha1/4 /_AO

2T, (FREH UERHE, toq TIRWREEBTH D, uw (CKREREEE 52 201, fBEOK
TEPBHEWILT, REHLOEEEHSREMETHLIOT, 209 LEREMICOWTHRFT L.

EERNT L R E EROBRNEICOWT, HEEMEZ 9,18, 27Tm? (IZE(LSE T, AT A EEOLE
L& EHR LI R % Fig.2-8 12T . EBEROHHEIZIZIE—E L LT\ 5. R290 ORI &EIX(2-7)
DIFEHF %2038 & LCHEL, ThEh 286g, 575z, 876g THhDH. 77 U KmOWE H LML, BE
BTN 45 ET T, KEESRIEHHONL 45 EEFEL, TOR#EE T A—% L LT LS
2. INDOFMICEE LIZBEHEE, REH L FMEE X ZKMEROREE RN D, 2 b5
DA ER S BENFEERDTER ST W EFE L7272 TH 5. Fig. 2-8 OftEI T ORI BA4E
LU CRIA T ZEFED IR T 5 £ COM DR T AEEOR MEZ KmfE CRLIZ b DO TH S, WD
TRIBDNE T LT 15s BAPIS ATEA T ZARFE AN IR L 7= St 22 AL, Z DA S AT S > 72 b D 2 =14
TRLTWA.

JEGED FRROFERE L LT, casel & 2 D 2 DOKRMTHREFL72. Case 11X Figs. 2-8 OfftHh7s 10ms &
B TH Y, ZHUIIREE T D 15s INICATBERSEIR T 5 Z S ICHYS T 5. ZHUIZENLLTO
JEGE T AR T A BFEDOBIMAZIRIC KR E K 2 D05 TH 5. Case2 ITIRIMA T 5 1s LLIZ ATEAI
DR T H5M4ThDH.

—®—9ni —@—18nf —@—27nf —®—9ni ~®—18nf ~®27ni

- 30 30
2
8 25 S =}
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2 5 s
S & g5 0
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Fan air speed (m/s) L Fan air speed (m/s)
(a) wall-mounted unit (b) floor-standing unit

Fig. 2-8 Effect of fan air speed on flammable gas volume integration per floor area at different floor area

Casel, 2 D&M ZET-T 7 7 VR E, BLOKENC LD 7 7 U AGEE O R A EK 7% Fig.
2-9Z/77. Casel, Case2 D EH 5 OHUETHEEHFN T A L KE X XKOFRERMIZIER— L2072
KREEXRDO LI ITEVWIENLDKRXH L ThoTh, BNERIENTERIND L HIC Fhlck
H3 2 & T, XRWEGETHZRBEN T, BT ER U X DA BRIk 2 E 0 IciHR ST 5
TENTETCNDEBZILND.

—J, RN hHx HEHIE, WHLOmIZEHELTEBY, REHLmI»whas<<kd L, K
Ty UREEME LTS, REH LFAITHE STV RV, Bi5Teda Case2 [IZUTVMEE 725
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7=, 7277 L, Case2 ZEYEL L7-3E4E, PREfE 20m2 UL ECTHERGED 3m/s 2B %, JSVVEE TR
ERT 7 UREEERTLIONE L D ETHEENS.

—— case 1 for wall-mounted unit
—@— case 2 for wall-mounted unit
= = =Eq. (2-9) for wall-mounted unit
—a&— case 1 for floor-standing unit
—@— case 2 for floor-standing unit
- = = Eq. (2-9) for floor-standing unit

(o]

N
T

N
T

Fan air speed (m/s)

o

0 10 20 30
Room area (m?)

Fig.2-9 Relationship between fan air velocity and room area.
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BAEFARIENTIC L > TRRHFATREROFMEI Z /2o 72. AFENSEONTZMAITLUTO LB T

5.
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D OIERESAOFBEMENE N LEAREN, FEFEO YIRS,

2) BEHNFRENE O OIREICEA L TIE, K PEREHLEZRET TRID F~THICREMT I &8, K
B xNENEE D OIRIICE L TIE, BED 45 FERE L HIOREHTZERNATH L Z Ln
o7,

3) 77 yEGEICKT AEREEOEEICOWTIL, BENERTZIZE LT WHIIC Y 7 VA& R
ST TREZTHIE, ERNEOERICZ» b LT, FREDO Y 7 Va3 TRk 2 Mk sE 5 2 &
NTEDLZENShotz. £, X 29 1Tk n7 7 U EGEIE, IRIRAK TIEZ IS TR 2 TSR S &
HITHBEREGHIZTVMEZ & 5 Z 5o Tz.
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TR IZ N TIE, 2 Bl G 2 RIRFCH <. MmEiiEs a —7r— 2O T, S50 EBICERE I
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[ i L CERRKE ORI PO ENEMIZE D, 77 OREH LFRBEIEIZEN TV D56 S [H
FEIZ BB S AT e & LTV D, MBI LT, @ OE TIE R290 264 L Lz, AU ¢
> T ROEFLEFE L, IEC BMICH-S% 3 BT60° HisT 5L HICLTWA. Efges 7 7 > OALE., 1K
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Fig. 2-10 Modeled room Fig. 2-11 Details of display cabinet
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DB, FMEEIZHEL TV D ANSIIWER, 2585 L, AMNBIRE DR EZIMEI L T\ 5. Fo, HBR=ENIC
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Fig.2-4 L[RILCTHD. EBRHOT AL LTIL R744 2 H\ 7=,

RGO (HTALE % Fig. 2-12 1Z/R T, BEFHT IEC HIKITHE SN TWD 5 b 6 T L, EN
DRBEIRE DM AZRET D720 6 EFTDsr 12 fEfre Lz, %ED 6 o HIZEL TE, ERo
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mm, FEIEE 100mm/s T, PWM HIEIZ LY 3T 60 EEDOBBEE 7225 X HFHEE L=, RO 0#E o
WENC 7 v va R0 AT, BABERICT 7 F a2 —X —THEMIND LI T25Z LT, BBERION
AEAFIZTE T DA D72 D LI TRLTWVD.

LD E AT Fig. 2-13 IR K 918, %5 FEICERE LI AR— AN b ENASGEA AT 5. B AR
2, NS ZERE RS BERDH D, WEIZERT 2 R744 13TEK IV BERE W, BN TIEICHE
EHZ LD, EHOGEKEYEHT S, P L2 TR, %%%W’mmbﬁwi5\$—x?ﬁ%
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Fig. 2-13 Internal structure of showcase model

IEC60335-2-89: 2019 (28T, AIBMMEMIEDOR KFEEIX, A7V v b AT A08413 150g 285 &
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THREL.

FEROBIE LT, a7 7 Y BEIEL TWRWEMEE Fig2-14, TE22HRIFIC 1.3m/s TREH L
72560 % Fig2-15 173, BT OLEMD 77 F 7 53 IEC60335-2-89: 2019 (ZHLE S AU T U2 I & AT 0 fidi 5
T, AR ENOZ R TOETH D, 77 U BEELRWEMFIZOWTIL, BARERMMERZD 10 BRE
OMNCHTEAT O P1, L2, R2 N KfEZ & 0 120~180 FVFLE £ TIRITH 220 540 Lol 4 5 %8
MWERR, HENGTTHALND, 77 Yy EEES LT T, BRI X 0 IRBEZEON/ Y <
TeZ 0D, HIEOWEIT 60 il EIZIXA LN R B —RBEIZESWTNS, ZOFRMIZEITS
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Dz &t FHRAERSZEH), EL bICEREICHRAEE L TWD EHEIL, ZOETLEHN
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Fig. 2-14 Comparison of simulation and experiment without tan when 494 g ot R744 1s released.
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Fig. 2-15 Comparison of simulation and experiment with a fan with a wind speed of 1.3 m/s at the bottom
when 494 g of R744 is released.
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[Z2OWTRT, Fig2-16 OAEAAS Al #kiE B (LFL-UFL) D AFE 2 r[R T A AFE & L CRFE LS A. A0
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(a) A gas in a concentration range of LFL to UFLis  (b) A gas with a concentration of 0.5 LFL or higher
defined as flammable gas. is defined as flammable gas.

Fig.2-16 Effect of condenser fan on flammable gas volume when 494 g of R290 is released.
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(a) A gas in a concentration range of LFL to UFL is (b) A gas with a concentration of 0.5 LFL or higher
defined as flammable gas. is defined as flammable gas.

Fig.2-17 Effect of refrigerant charge on flammable gas volume without fan.
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Fig.2-18 Difference in time integration of flammable gas volume due to fan wind direction.
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ARMERIE N BN TEHK LI & X OEFEZFMT 572012, WEENIR VORI BN R T 2 B
AREFH OHUE & F DI AW LTS R T 5 & X OENORE, £ EFEEOFHINMLETH D,
DT, =T 3 OEEE S % B RE U T S BER 2O RED TR FE R O TE R O FEER M| & 5k
B Iab—raryMTbiltTng. [RHZ, EREFwR X OFEHEZ O Tn s k& oENZE D
FEREHH BITOITW D B L, MBS KR OPREE - B S A J1 = X MMZBT D RITEED 720,
TR ZWZERIORR, MESCH OB, F725KROME R & 2488 Ui i &2 8 C1T 5 2 & IXIN
Tho. RUFZEIE, rIEMEED AT 5 & & OfEFEEFNMZ1T 5 7218, WMEEOBRES I 21— 3
VEITV, BRBEMEDOREE, A — L HIE NI TAZ EEHIE TS,

AWFFEO BAZIX TRROBEY TH S -

ATELEITIE, IS EN TRALKTE, AR 7 VA 1 1 —R % (R32) MRBET A & 2D
2 bL—a VEITH. BREEEOR S &, BREERFO R KIESCE O EREE ORREZEIT 5.
BFIAEREIIE, B2 T 5B ORAr — NV EEERBEICE TIADZ Y I 2 b— 3 UEITWD, REE
R DI KIESIRESI D EFIEFED R — VR LT 5. RO EE 2RI IREARET 5.

242 WESIAL—avETIL

BREES R 2 L—3a VBT ICHT-»> T, EAMICHN L EEE TR 2 E &, EihEL o R
—RAFRUAL S % feih 3 2 b Rl X & A N 2 CRIFFICAR S 2 & C, WM E K& ORISR
FE L ARSI ORERE, 2B bR X OGRS OEE, FEHEE LoD Z ERARRICRD. £D
IR, JENEbE AW THRIERE KOG EE DM AZITO 2 LI1TR2 5.

WRMER IBEDIREES S D—F & LT, R32 (CHaF2) DOEALLISIT PRt OGRS TRt & 5.

CHF,+0, <-> CO,+2HF (2-10)

KRGS IS DO FE 70 B 251 U C, RS OALEFE & Bk Al DAL FE D HFEilk 5.
FHET DAL SONE, KFBOBACEIRD £ 9 IZIEFITHNGE, RISIZBE D 2 Stw & Ak % Freo
bR ERE TIN5 Z LR ATRETH 5.

5 (PY) + V- (pv¥) = wy = V- (oY) (2-11)

BL, p IHEEXRDEE ;Y ITEESFE ;v ITHE ; w (TEEANGERE ; V ITIRBOEE X7 hL
F7, TIRABEEL LT, TR eI TEE (Progress variable) Dt 2% 3154 HUE, SALFAFEOJEE
BALERAT S 5 Z N A[REIC 72 5.

%(pc) +V-(pvc)=V- (ﬁ Vc) + pSc (2-12)

BL, ¢ IINETE THD.c=0 ZRBRIT A, c=12BERIT AL LT, c=05 D%z R0k &
LTHAD.

FEEOAF IO, EERESSOE TS ZEZT I EITENT, Z<DAT v 7R Tt %
7T 5. TOEx DRISERLIE LD . R3272 EDRIAVEGBEDIRBERUEIE,  — AT IRBER L 73
<, MRS Z el LIZRBET 7 VTR B R O H BN NEE & B s, BREm B OMRIE % 59
5 HRBGE R T RS ET V2R L, FRISIZED D EEORE T REAE M LK
(2725, T2 L, BURMEREEOFEM AL ROSE T MTE oS Ty, e, FReIOrRT
£ 912, RROBAVSUSIZED 2LFROEET W Lo THHNOBERE, RRCOEITHENG
T~V EERIR D L2, FHRENOGBEABABER: O ftnE B ORI L8 3koT, BRI
2 b=y a VEAT D IIFEREARBIEFICRE <D,

R32DBEALBE DG T /LD —HE

CH2F2+OH <-> CHF>+H20 (2-13)
CH2F2+0 <-> CHF>+OH
CHoF2tH <-> CHF,+H»
CH2F+HO, <-> CH2F,+0>
CH2F+HO, <-> CH2F,+0>
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CHaF2+F <-> CHF,+HF
CHzF2(+M) <-> CHF+HF(+M)
CH2F2+CHF <-> CHFCHF(2)+HF
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% (S1) . JEURRBEREL (TIRBESO SR E 2 R T 465 Th 5. Fz,
71, KRR AREES LOEREIC L > T2 T 5.

BLUCBRIE R B | 3 R R B & PR DO ELAVEE 0w DBAEIZ 72 D, REMNZ TFRRONTRELT HZ &7
ARETH D.

Sy =S, +u (2-14)

— 05, KRR CIRBEBAD B T L 0 BER T A D3R L, SEERD AT 2 KRHE (wy,) 1XEIE (H
DUVNTELDR) BRBEEEIC KV @I KREL D, KR\OHIKR COES ENBEHTEH L LT, K&kH
IR ITDEERANS, KR &AL TR O BFREA D 320,

w, = (’;—:) s, (2-15)

BL, Wyl KREEE, p,, pplEEIVEIAIE T A & BERA
7‘77\%};“1’(3?)%) Wy W,=S, W,

Bl Z1E, IREE300K, E 11 atmSef:TORI2D & FitRIE o
1X7.2cmisTH 528, Wik RIRE #2200KE 9% &, kkid Bumnt S, Unburnt
I3 emisiEEEIC 72 B . R0 m DO BN RIS Ak LT- Stationary
B, KRDBEAEEET B ITIEB B L 21 s BED D) 5. Flame

Fig. 2-20  Calculation model for laminar
(b) BFRBFEEEDIRE, ESMERGEHE burning velocity
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Fig. 2-21 Laminar burning velocity
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Table 2-10  Experimental results of laminar burnig velocity of R32[2-]

Refrigerant | Equivalence | Temperature | Moisture Prnax K¢ Flame Buring
ratio () (C) (100kPa) (100kPa.m/s) | speed Sy | velocity
(cm/s) S (cm/s)
R32 1 35 Dry 7.5 7.6 62 7.3
1.1 35 Dry 7.3 8 65 7.6
35 Wet (64% RH) | 7.2 10.6 71 8.5
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Fig. 2-22  Change of each parameter from the entrance (temperature 300K, pressure 1atm, equivalent ratio 1)
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Fig. 2-22 (c)iZ CO & CO, DIRELEALZRT . CO bFERISIZE FAL TRV, CFO D3RG
XV CO %A L%, COFOH—>CO2+H ; CO+0 (+M) —>CO, (+M) D% #T CO, Z K
T 5.
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M5 HF KON COr DA HEIT L TV 4.
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Fig. 2-23  Reaction path analysis on the upstream side of the flame surface
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Fig. 2-24 In-flame surface reaction path analysis
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Fig. 2-25 Reaction path analysis on the downstream side of the flame surface
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Fig.2-26 Effect of water vapor on laminar
burning velocity

NEEND E, R32 OZERED 0.7 UL EOSMClI @it EEEEE 2388 N
EEEIEDY 1| ORFKRLRDTESM CTOFRBREEEEE X 7.2 co/s 7> 5 8.4 cmy/s (ZHEN

L7-. EFE#ESE L Table2-10 IR L TWAEBFE R L K< —FH L T3

Fig.2-27 |Z
27

CIFAKR AR TS T D k2 1 D iR, )(KEEP&U\)(%@@T(}ME\U

BT 5 HO R4



DD EIRG R’ KELRDN G ENIRNEE L RS &, kR ERAITORISIT E LV ERBEEZITT,
THAMTIX, HO & F 7 V0V ERIGSLTOH 7 Y4V & HE AT D O LAS, H,0+0—>20H &
H,O0+OH—>0,+H0 OKGERNR o ERENWZ ENDND. OH 7V INVDAERENE L 2R E,
IRFRRINFAE L7 WSE & Lel U CRBIIRBERE N K& < 72D,

Ansaluts Rate af Fromiction HIO
CHIFD ot e onr 20 IS
)

o
CF Q0o CHF O M

» - S > o >
g .," 5 ¢ . 7

(a) Upstream side of the flame surface (b) Flame surface (c) Downstream of the flame surface

Fig. 2-27 Reaction path analysis in the presence of water vapor
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Fig. 2-29 Time change of R32 concentration distribution (left), temperature distribution (right) and average pressure
(bottom) (d=0.3m)

300ms

Fig. 2-30 Propagation behavior of the flame surface for R3
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Fig. 2-31 Time change of R32 concentration distribution (left), temperature distribution (right) and average pressure
(bottom) (d=1m)
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Fig. 2-32 Time change of R32 concentration distribution (left), temperature distribution (right) and average pressure
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Fig. 2-33 Temperature and average pressure over time for R32 (d=3m, turbulent model)
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Table 2-11 Summary of simulation results

KenBEfE | @WELR | LT T LV e BEE ) Ke (100kPa.m/s)
1) |03m J& it bk £ 7 L 1 MPa 7.2
2) |[1m JE& it (b Fdg LT T L 1.02 MPa 13.9
3 |[3m JE& it (b Fdg LT T L 1 MPa 26
4) |[3m HLE (bl s T 7 L 0.98 MPa 86.4
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Fig. 2-34 Behavior of flame surface (concentration distribution of R32) (Direction of gravity is from right to left)
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Z 2T B [I/(s(mol/m3)IZATHEEIN T, C [mol/mNISISHE DF/NIEE, E [J/molliXiEM b= %L ¥
—, Ry [/molK)NT—#xH A&, T [KNTEE, n IUSKETHD, Z 2T, F55HE exp{—E/(R,T)}
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Fig.3-1 Relationship between heat generation Fig.3-2 Schematic of physical means of double
rate and heat loss rate®?. sign of ignition temperature in Eq.(3.5)%2.
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RN EIEEITT D, ZHIZZOZ XA F =12 L - T, Filk « WE CRIKMEICE 2N 2 A>T
LE L TWDKRBREER 7 EHEL S 4, #2103
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DX RBIST, WIVEREIBEICARTE S 1 i CTZOREEZRT) 285, =L X—ICECIREIC H
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H* 4+ 0, » OH" + 0 (3-10)
0" +H, » OH" + H* (3-11)

72 EDFPIT I o TRREER G 2 EIT S ¥ 5, XEB-9)~@B-11)TAEK L H, O, OH X EZ HIZH, X 02 & X
JELTC, EHICEEHOH, OO MESLN DY, Zhz HICHER L THGRKNA2EL & Fig3-3 D k)
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AP RN X =N L — (BREEEY & LT S, RO T 5,
AN, EHBEGFONIR LT, T ANOREE T A0 & D GEHEE ER), 2 i
H*+0,+M - HO,” + M (3-12)

EWVI)FRUET, FEED RV H O L =235 3 3F B OWIE MIZRIR ST, OHY, 0" Tid/e <{HMEDIK
WHODVER SN DGR TH %, ZOHERISHED @ H 3 KL% O TRISAMF1ET %, Fig3-5 (3/KFH

_ +Hy %
0 +H,
1021 @ —OH*— H,0 + H*
H ® ® @
@ on+ H2 H,0 + H* -
® ®

Fig.3-3 Reaction pathway of oxidization
reaction of hydrogen focusing H radical®?.

Fig.3-4 Exponential proliferation of H radicals3-2.
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TR AL NGO L AT LT, BRI U A ROk Figd-S Explosion dimit  of
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ZOHEKMBZ LICHBE LI b DO TH D, KHFE LTERAS

=7, EREAE, BAKO 3 FEICHETE 5, BRAS—s TIRELIC v—(% TRy MEED),
NI, BEGRAGE, WE, LV —REICHETE D, b DOEKIROE KRS %, Hitio& KHih
R CER, By 2 b— ey, B %W%%ﬁbf&ﬁ?é@#ﬁﬂn@ﬂ%fﬁé

Table 3-1 List of candidates of ignition source for propane/air mixture which are generally used in life cycle.

Major Category Middle Category End Category

Electric spark Electric relay Refrigerator, Washing machine, Hair dryer, Rice cooker, Microwave
oven, Dehumidifier, Vacuum cleaner, Electric carpet, Oven, Fan,
Television, Printer, Air cleaner, Audio&Video, Telephone, Facsimile

Thermostat Refrigerator, Electric stove, Oven toaster, Electric kettle, Electric
Kotatsu, Iron, Hair dryer

Human operation Plugging and unplugging, Wall-mounted lighting switch
Brush motor Vacuum cleaner, Hair dryer, Electric razor
Charge Printer, Electrostatic spark discharge
Hot Surface Electric heater, Hot plate for cooking, Burnt cigarette
Open flame Burnt cigarette and lighter, Candles
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WIE) TROLEEOHEIZ L > TEKMER LD (Fig.3-6), Fig3-7 1N 319%2 79X 512, —&IiC
FRERMEDIEREITKIERE, av T iE, 77 VHE, hEEREOFEE SV, %@%iﬁ%$%&
ITHRER (REEMR L) OFEECIR, BRMEER SITRTET 5, TNENORMEIIUTOEEY TH
5317)0

75 MR

ke ] - ETAES

W . ‘
. ,L .3147?."5\ jﬂlﬂ%*

—— e S v e ——
“y’lm‘ 100 100 100 100 10° 10° mJ

Mo e 2oL ¥

K 1. E:?}i!é’.

hw~E;Lﬁ£;3 av+BE L
F: KTEME x Y
| i LR , Fig.3-7 Schematic of various types of electrostatic

discharges-19),
Fig.3-6 Diagram of ignitable potential of various types

of electrostatic discharges!9).

O KkAbHE : BhRETREIHETHY, KE=FLFX
—IXE = (1/2)Cv? (C: FER®[F), V: BIE[V]) Th
2B, HEAEWEZ T, R/hEKT R =R
100mJ LN O RAET A ZEKSEDHENTEDH L
WoltlELH DY, FHARICRY 5 HMERET e
b5, WEBMN L HERBEOBRI Fig3-8 IO RTHEY s - ]
T, RO KREBEBMMN 330V L0 HREWE X, e B PO B L X
KACHEDIAED MR H D L STV D, Capacitance (pF)

@ auFHE: DL Do EM, IR B =R
@@@%Twéwﬁ@®ﬁ%’7¥%%ﬁ%ﬁﬁﬁé
, RFTICE LS 2o T2 BRI KL D A U D HE “Cz%é
—IUCHE RN Smm LA ClEZ 5, 7272 LA
FILX =R NSO T, KEDOL DI @@fwém%ki*wﬁ—%%oﬂmﬁﬁxuﬂmm
— I KM 7 E BT R,

@ TTUKE  EIEBEYNTHEL, MEOHLIEHAR, B ENESL XI5, EMmED
WEDIE D) BNEKERENZ ERHOLENTND, 77V REOT R NALX—(L1~3m] £TT, 4m] &

Potential

Fig.3-8 Relationship between the charge
potential and capacitance in each energy by

spark discharge*'9).
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R D Z LIRS, AIRRIEAT AUTKE L it/ g K : ‘ =
TRAR—ED G I HRERXRETHLE, HAX Tl ]
BT 0 5 %, MR m OB & 7T T ED
T 2 ¥ — L ORERAIL Fig3-9 IR TEBY TH
Ay
@ IRTHHCE  MEREDIRDE SR 72 D Lk DFE | e

ICER EEMEREND DT, SHICKEREmE P TIE B ¥ R B G X SN B A
MERFTEXDL910705, 20X ik o
IR TR E HDMENRHERE TH D, MET R LF
—IXI0JRBEICRDZ b0, AlET A D35 KR
720 5 B0, MEREMIKOE SIS 8 mm LI T THo ik
J& DAL 4kV LA 72 E A L2,

7212 LAME FIR AR CTHR/ANE K= RV X — % B2 5
HMET AN — LR OHBEBRIMENECLATH, LT
LbMEIZEKRTDENI DT TIEHRL, BRKOEZDIZIE
W S5 =Rk X — D22 L ORI A 72 £ )31
BThHrZ Lol FENRIND, 21X Fig.3-10 15,
WHE LT T AF v 7 ORMIZEBEREZ LS, FHx O
JED~FH v — B[ PRERF CTHE I TG 6 D& Kk
a2 H DO TH D 319, K ORAT & O BT A R E
2RI, LT L RBERMEERTEARXL TV D DT
TR, 70, @REMOERNEEIMNT 5 & & KR 2 3 5
KL, HRKOEX ZREFHHBIEN D Z LR, ] 44 4 UK RIE (wol
IO OEHBERINEEKROBEIEICIE, FlZIEHEEAERND
DIREZR/ET D72 DB R AT 2 2 L0, iRERO
K& 7GRN EHEN O EWIRICHEL L, KIEKEE L
EEDLEINEMERT L ENEE LV, FICHEEN
FZLLREL RV EHA SN DAL, ©DLAER ST EENS an S ELEZRESE D HEERINT S &
fnwetansd, —HHEKMEED L DODOFRAEZL LT HI12IT (FRCHEEMRICAE U frESIT M Tl E
TRV, HEEMEZECZ E0REDOKS (BE) 2S5 2 LICL2BEMBERINENTH 5,
FEKEZ T 270 OIMEEEE LTIE, ANORBEZEIZE L THRIK 50 %20 LR B O HELRE S
j/bé 3-16)D

PLEIZHEASNT, BERE KGRI r—A 245 4 L LT, O RT /) THMBEOMEIC L 55Kk
&, OKRRBARRFOKREIC L DEAKMEZRF LT, OICOWTIT KRB ICHY L, MEOHBEENMND 4kV
U EDOBAICHBRNEPHERTE DL ENTWDS, ZOBMTIE, “CFTESHIENTIKE 22T, $EBE1M
TR T” BEOMIICHE T 5L SN TWD ¥, Zhid— R EIERRE COFERORBICAEET
5EZEZHNLDT, wmEEMEZ 4kV EEL, MEOFEEBNMIT KA I HWHID 100 pF 317 &
THE, E=A/2D)CV2h 5 KIEHET RNVX—EITH 080 mJ EHEHISND, Lo CHMICT XX —
T CRAIVUEEKRKDOARERIIEE CE 2V, —JF, QTIET 7 VIREIZR 50, KIRPLAKRE DO HFE BN IT
BRIMICE D EBEZE4.0-50kV ESNTWD, ZOHA Fig3-9 IZ7-T X 9 ITHET R /LX—1% 10° T Kl
DA—F—bled, ZHER/IEKTZFLFEF =L H/hINDT, Tany /ERTRAREEKSEDI
FELR, Lo TKRIRMARFOFFBEIILEIC L 25 KMETEHTEZLLEX DN,

I Potential (V)

Discharging energy (J)

Fig.3-9 Relationship between the charge
potential and discharging energy by brush
discharge-19).

Fig.3-10 Ignition probability by charged
dielectric body discharged by accessing a
metal surface3-1¥.

343 BRRBRKBROT—RARA T 4 & KT

1) a2V IPOREELICESE KN

(yif FE D=

ATETE TTHRARZ L9 1S, /B RT3 X — I FEMNNE 2 O 72 iR E R T 2oL — ik % 58
TTHHREOHKEEZHVTHESNTWDLOT, BREMREREOE KMEFMICZOEFHATE D LIERS
N, Lo T, 3.3.2 i Tl L7 BB ARG KR O &G KVEZFEMFEN 2121, 7 —AAX T 1 )72
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ERPLEN25, £ T, TITRHEERMOa Y Table 3-2  List of specification of test devices.
FOKEFFELURFIZAEL D A= A2 B L2 EZRIC

0, BXMEEZFHET S22 L L LT Type of Type of Electrical Load Consumption
(b)EBRDOHE = HIGH P°We;4((‘)” :
MACI00V B (vt v 2 AT A) xhiFEbR Type AMIDDLE___ 440
Figd- 112y & 918, BT b S A L TH L v .| i rer | —— S0
10 150 mm OEIEINIC, Fig3-12 1Rt HRO A 24 72 |Twet e e 70
ey N EEEICEY MR AR LT, 2B B Capacitive & | g owdriver _TYPE A 130
BRI L 7T 7N & ORISR D 137200 T, A Restanes flocrichulb |50
RN B APNEN LTSy, ERNERRICIRE - W8T |wypea| IMMve & | oy gyer | 1ype a| HiGH | 840

HiEECTH D, OFIRT 7 7 O & L& 200 [A1#: 0K L
s (ERO) &, @Qartvy FoOsIEHIEMEORE 100 B K LI-5E (ZRO@) O 2342 —20
FEERAFEM L, EBROTIE, BRAICEALEZ e XU 3EARNRBO LN NI T LD E L, #
RO TIXEKOFEII DL THREIAZHET LI L Lz, WTROFERTYH, bELWIHMEEZT57-9
W2, ey S ERTIRERICB W T R/NEKR TRV —%2Rmd & SN b Y&t 1.31 (Fue XU R 518
vol%) DfpkZEXIGE Lz, WY 7 Z WO EE & R ERE 2T 7 e —7 CllEL, X((3-13)Thk
BT RNVX—E R,

iy
E, =J [Edt (3-13)
iy

7272 Lty 3 NZEUCER 1A L OWE TIFZI[s]C, Bt E LI &k OV B mig 0> b it A M- 72,
LEIZZNZFNEWA], BE[V]ITH D, HEEARIT Table 3-2 [T O HROFERY (KI 4 ¥— -
BEN R T A 3— - {EEEE) THD,

Flow meter [ ! depth : 7.50 mm

Aluminum foil m ‘ Propane
| cylinder

D :G_—g_aﬁ Electric load | Wil #
£

High- (g Trigger,
speed L]

camera“gignal Chart
conditioner | Recorder

Fig.3-11 Photo of setup for the ignition test of Fig.3-12 Photo of the electrical socket.
propane/air mixture by plugging or unplugging the
power cable of the general electric appliances.

(DAC230 V BIfL (SE # A7) b FEBRr
Fig.3-13 I[ZHEBHE OIRE (F£) &, IR oamKEIy FL7IRE F: 2025 KERTHEH) ©
arty MEROFHEAZRT, Tz Fig3-14 IR T X 91210 200 mm DR Y I —Rx— MR BER R

oscilloscope

|:| 00 variable resistor
Power supply | |

device
circuit

[l breaker Aluminum foil .

sooket olug current monitor
probe
before ‘ <

Y polycarbonate pool
Fig. 3-13 Photo of Fig. 3-14 Photo of setup for the ignition test of propane/air

electrical plug socket (SE mixture by plugging or unplugging the power cable.
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ZHO AT 7R 2 R U -, RS AR BRI @RI T VI RA LV TH U TH D, AEBRTHa 2 b
ERNES &AL ©, KT BICBEI TE 5, BN S EIT 1 (T e XU B 4vol%) & LTz,
50Q B L UN300Q B AR AV, EUINEEIX 230V & L, 77 VB E & REERE 70— 7 TaHll
L7, 7"?7‘0)&%?%1/5&5?&7% AT =MD EICHFAILTBY, ZOENGRBLZE 2 /37— ‘/
(slow, quick) IZ¥ELT-, 77 7 OREHF LRV K LIEENIT S0 B & L, BT RLXF—E 03X (3-13)I2
DRI,
CORREROER
(DAC100V B it e his FE R

WTNOAMEFEHA LA, EROTIIEARD 1 ELRD
IR o T, Fig3-15 12739 & 518, BRI RIEEE N
R&EL DI Lt#ofiﬁﬁéﬁmﬂm@%htﬁg3wi%
74 ¥ —TypeB ZHaf& Lizana vy NEBHOD 7 —@Eik
FEHEET, PO ¢ 1THEEHOIDFEIEDAE L TH D ORI KE

=
o

(o]

H

Ignition probability [%]
()]

MlazRLTRBY, Yafiiartyr MEROZRS ZRLTH = o

%, EE: FEL LAY EILIIFCLETHD, EBOGE 2 .

TIX, t=428ms Taty MEERD T T FHA DD B KKNE X 0 Ls 2
Hitf, =435 ms TIRIE & e KR BEBN~EREHL TS O 200 400 €00 800 1000 1200 1400

Comsumption Power [W]

BRTBROND, TEBROFRTHE 2 2y MERNED L O B Hair dryer, TypeA, High O Hair dryer, TypeA, Middle
HEBPBOXLAMENATH 5% 1=372ms TR TE, 1=389ms TIL | grardven bed, eh - Diiar drver Tvpes, Middle
FErD t = 435 ms & FFRICE KRN IETRIGTEE L TV A58 © Vacuum cleaner, TypeA B Vacuum cleaner, TypeB
BTE5, FETHNIT =451 ms, FEETIL =406 ms TAKEMN Fig.3-15 Dependence of the ignition
4@'_5%% BERMEREFTET LTOD 0, BHPIIATR ZHICEET 2 F probability by plugging/unplugging on
TOREIT EBEOTHE T 23 ms, FET34ms THY, A —%—%  the consumption power.
L CTIERER W, L7 o TRIEBRO FELME LA B AT & HlT
TE %, ZNHLOERBRFERL, a0y ho7 7 ZfAROKEK 24mm T, 7w/ OEKREHE (1.70
mm>'®) LY BIRNWZ LA 80D ZOBROE K E B 2 Th D, £THRE R LEME (RFCHR LIAZEIE)
2L, BRENOT a Ry BRTPRAERN a2y MERNABITEND, MENORESFELOMEVIEL
WEkoTarky MERNEO T a Ny 2E[ZTPIRARD M L 7272 & 2TAT, k&l LI X 2 H0E
TRVF—2Z T CERNICEAT D, 77 VAN PHERIEREL VBN OTARIZT 7 7FHAOEZ@EY
W THEBNNEH L, TOKROMTEENORR T 0y /B TRER[MEE L E2 D, L
Teiy o TARFEBRRTIE, 3ty MEEZE LFOKET R X =TI KOS 230 5 L HEN &
N50OT, AROEEBENRE L TEMERKRELS 250 L Bbhd,

socket

- = oy
1=20ms =13 =40 ms

\ Envelope flame
[

t=0ms = =70 ms — =90 ms =100 ms

Fig.3-16 Sequence photos of ignition of accumulated R290/air mixture by unplugging of power cable
from a socket.

(i)AC 230 V 5 ks R
Fig3-17 \C 77 7Hk&EfH Lo a v MNEABOK T2y LI GHZ2/R7, Aff 300 Q, 2uH5| &k
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no ignition

Ignition

Ignition
Fig.3-17 Photo of test space around an electrical socket and plug.
(a) 300 Q— OFF-quick, (b) 50 QQ— OFF-quick, (c¢) 50 Q— OFF-slow

IF (Fig.3-17(a)), A 50 Q, UM MRS P FF (Fig.3-17(b), (c)) TlxZhEh, =t FMEEN
ECRWENBD LN, 2ty MNEAFEORR S 08 2R TIRAR DB I KRG TR D Hh
0o T, 72721 Fig3-17(b), (¢) TIE, (a)IHA_THLHEBA K E S, HARDTZRIERBO LN DH, W
TNDH 50 QDHEITA ST 300 Q DHFAITHED LN TWARWNWI EnD, RIFEERAKE WA ITHERR
NAHBRTH D, REEIZERT 5 /REME LS EIL TER2VN, ZOBRRKRKIEEXTIEE L T RN &b,
ZORNIFHEREROE 2 — A TH D AHEEN KD AV,

(2) BHARA v F OBRIEIC X 5 E K DOFEE
() Fe o=

ZZCIFEREMZE ﬁ%“ﬁ%ﬁ@%kv%Uﬁ@1oebf,%WK%%(M%)ﬁﬁ@L?mNV/%
KTIRAK[XETR LIZGEIL, BIAXAL v T 2T 352 L TCALIBEAKIETOEREEZEZ D, FHA
A v FTOEKMEFMIZ OV TIIRTET Tl 272 X ISR 3NTHEFIR S D5, T I bii#n’H 25 L9
WAL FOREECIIRIT L » TEHEAKER R D, 22T 2018 FHIET, BBREDO Ny v =T 255K
HAAL v FEZHWTHBLEREFEK L, 5 MEEZFMT2 2 L2 Lz, G T, & KMEFMFIEO RS
(b 2 SUAIC, WM OBIAR A v FHaHlixt g & LT,
(b)EFZFE DI

F9, B EME SN AEAAHE TR D 7 a8y /2 S FIRA R DT SN D DG EERT 5
72012, %ﬁ%ﬁ%?gﬁ?ﬂ&(ﬁ%575%%%!*]%2@71/7—*‘//7 (LLF, “BRor—v 2 77) V\W)7 X YR A E
L7z (5EBR A), ZORREEE 2T, RBRZERNICATRERO 7 a3y BETIRER[REEANLTAAL v
FEEEL, BAEEOKREROEKRFEBZHRTEOICBET D E &bl ,@m%r&%@ﬁm%ﬁmamg
TRALX—EROT, HRKOFELOBREZERMICHE L (5 B),
(OERDOBE

= Gas supply lines —
Gas analyzingline Pool wall

|_Experiment room | — Electricaicable | Control

room

<—— Suction tube(p4mm)

co,
A A |
_pc | - —
e N
“—Switch box

121

K Gas analyzers i
Casing
2 . 101
& T O
2 42
B, |
3 |
] O .. .
3 (b) Schematic diagram of cross-section
1000 of switch box, casing, and pool wall

| Switch box containing a casing |

(a) Outline of experimental setup (unit: mm)

Fig.3-18 Schematic of experimental setup to measure propane flow to the casing containing

electrical contacts and the switch box
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DERR A GREEZHHITEER)
=3 1 mDONHFEBROT 7 VT — L 28EL, 7—/LHTOH, 1/4H, 1/2H,3/4H,H (EEmnbH
D& & 0,250, 500, 750, 1000 mm (ZFEY, H X7 —/v@ &) OAEICHE MR 144 F=635mmeo, N
£4.0mmo) ZEY T TREAKT A 2W5] LB ER2EES G5 —2WH US-II-T-S) IZEA L CTRE%
FHAIL, JREE A A B L7z (Fig.3-18(a)), R290 i 1% 0, 1/10 H, 3/10 H, 1/2 H, H @ 5 BPEIZFRE
L, IWHEEE IO E 10 g/min TH— L7, IWEEIT 4 gBIO87g L Lz, ZHITEEN T — /LI
TR LTIt L=5E1C, 7 — /LN R290 JREEDMRIE TIRS (LFL: 2.1 vol%) M OVMBE EFRS (UFL:
9.5 vol%) &7RBEICHNY TS, FTZORTICTT—VNOBES 2500, 7 —/LNO R290/224%,
TRAKDERT =V TRICIHAT DNENETRDTDIT, AA v F Ry Z AR OESr— 2 T a7
—VBEEIZIR O AT T, 2NN ONERO R290 JREE A A U < B E AR EFHT TEHI L7z (Fig.3-18(b)) .
AA v FOBRBAEIL3/4H, 1/2H,1/4H D3 A TH D,
(i) EH B (5 KFEEH)
(ii-1)528% B-1 (AC 100 V 7k FER)

Fig.3-19 lZRT X512, 727 U LVBDO AL v F R
v I ANZAA v FEREZRY 1T o2=y FAE
WZFTERRE D R290/ZER TIRAXREEAL, Hn%
EESH CORELLEL Y, ERKOFELT T,
R290 A &L 12mL XU 21mL TH Y, ZHZEh

S o il S|

gt 1 [

R 7 X PAABE T IR X UL R & 72 B Siervith lecrcoctator |

Slider with electric actuator

Photo of setup for the ignition test of

LETHD, BIEARITABGEERR (60W), AL v
F1X Type B DA = L7z, HMEIZ K D5 KD
T, ATV T IO TBEA O R E
WL CEBEEIATICEVRE L, HE- L
F—HEHIIXGE.13)Izk -7,

(ii-2) B B2 (AC 230 V % K EBR)

JFEEX10mm D7 7 UL CHAEFE 150 mm X 150 mm X 150 mm O 7 — V2 8UYE L, TR BERZR & LT,
R EHIIT IV IRANVTEHUEUTEY, BRERIIZ AN CENEZBETH L1 >oTnD, 7—Ib
WIZIZ/ANLD 7 7 2R E L CTHIRAEROBHRICH W, B-1 & [ERRICHEE AR R290 i AT 572012,
By IO ERR T, mEENATICE VRS — Y T NOEEEIRE LT, BREERZENO
R290 &5 I3 EimALL (4vol%) & L7z, FIEAMTIX 100 W AZVEERE L O HF #0084 32W) &L, HIINE
JEIZ 230V & L7z,

Fig.3-19
R290/air mixture by a wall-mounted switch for lighting.

FRRVOEE

1000 1000
WEE T — TR ~D 900 Flammabierange | 900 m“““““e(m
AR TR G SR DA 800 ° 800
Fig.3-20 236k A THF 700 700
B 1md F— Ao g 000 € 600
AL =y 250 AR g
MORAAL TRy 7 AN 'g300 \“ §300
7 R290 J# B 0 FHHIHE e % 200 o Aa 200 o
~9, TypeA,TypeB & b 100 : 100 S
12, 1/2H (500 mm)$ L O 0 : 0 L.

0.0 20 4.0 6.0 8.0 10.0 12.0
Propane Concentrtaion (vol%)

0.0 20 40 6.0 8.0 10.0 12.0
Propane Concentrtaion (vol%)

----Concentration distribution (Pool)
o switch box (type A)
A switch box (type B)

1/4H(250 mm) D & & 12 7%
BEINTZAAL v FOHN
= TINASD, AT
% & 725 R290,/ 22K TR
BRDTMADIRBD BTz,
R290 |ZEMAR T L — kN DR
IMWB AL v TRy 7 A
WIZIRA L, #287r—

® casing (type A)
A casing (type B)

Fig.3-20 Vertical distribution of R290 concentration in the pool and penetration of
R290/air mixture in the casing containing an electrical contact. (a) leak height: 1000
mm(H), (b) leak height: 0 mm (H=0)
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TN Dl L THEAGEE~NRA LT E RS S,
(ii) 5 K FEBR

UL EABCE 2 35 Kk EBRZ T L7722, BIRESMICHBWT 60 [ (AC100 V EBR : 3B B-1) K& O~ 200 [A]
(AC230V ZE : EBR B-2) DAA v TEMEDOMED KL D H L, HEAPRO LN —RT—E L enoT-,
TR DR Z i Lo @i 7 A T W0 6RO R 2 i i s &, Biieka 0.1-04 mm f£ETH
7= (Fig.3-20), ZAUE7 a8 O ERE (1.7 mm>'?) (2% LT, 1V10-1/4 BREDMETH D, #ER ORI
2.0 mm FEET, THHEEAMBEEECH L TIHREY, 260 L ARERTHEKNDED LI
STRNE, MBI L VRSN KREORE SPHEREHEL D HREWTZDICHER L OBl - TH
BERZZIT, FRITRRARICRETE RN oLl EEZILND,

— T RICAA v T RROBIEREL LT, IEC B 2923@F 3 mm X v v 7 & MEE D BEHENTFAE
T 5, DFVEARICITRE3Imm OMBEAGFET SR b, 20Xy v TRICHY T HAEEOT
AN =N/ ERTRZNLF =L ETHNIEEKICED, T2 TX v v IR L HBFEEEDOBBRICHOWT
et L7z, R CTHaaE (T72bbiE) DEZHLEDFBEIE V, X, KAEDEN p Xy v 7 E d
DFEL 7Y, kA TEIND (Paschen DiEH),

Bpd 1
‘ézﬁiﬁﬁﬁﬁ’ K:h{m(1+;» (3.13)

ZZ T BK IIEHT, y [ EBWROZREFHIFREKTHY, ZAOHEIT y=001 LAh2E5, —
IZZER DM R X 330V L SN TWHDT, REB-13)0D ZHUCHHET 2 X v v 7 EdE KKED T
TRDDE00Imm &725, ¥v v 7K 3mm CTlX 12kV B, {EREEEE 25Xy v 7K 1.7mm TIEK 7.8
kV &705, BIAAAL T OFECINTEITOELEITACZRNWEEZLNDIDT, NEROX v v 7EIX
MR CTHHRIEREREICR D LHERI SN D, Lo THRIALS v FOERTOT — 7 JEIZ L 55 KD ATRelE
TR TE S,

Fig.3-20  Photos of discharge at the gap of electric contact. C3Hs: 4.0 vol%
(stoichiometric)

Upper row: switch opened lower row: switch closed

(3) EFAIEIZE B E KM Table 3-3  List of the specs of test motors.
342~ Y, = —F THE U S8 AL, coea [eRSE

R290/ZE SR FAR AU B IR T B ASATAC S o e roer - otage 0T (T o
HHAREMEN & D & B 2 bivlo, £ 2 TIHERIZ R290/%2 Lol

N N e N N 1|R555 Uxcell 24 3008|(p35.5x57 |Electric Screwdriver
KTPREKAPCE— X 2l L CRITEAEZEL S _ ’ :
“@_‘, %k@ﬁﬁ%ﬁ E) ﬁiﬂ,gﬂéﬁﬁ %%j}iﬁ L,?L:O #iﬂ 200 2|FF-180SH |Generic 4.5| 21450.5|15%20x%32 |Electric Shaver
mm D 77 7 U /V@%Jgﬁ@%&w Q: /J\EE§€E K%{%Z é j’b 3|FA-130RA [Mabuchi Motor 3| 16700.2[15x20x25 |Electric Toothbrush
wC l/ \ %) DC F— & ('ﬁ:*% ;{& Table 3_3 c:‘ﬁ_\“@—) %%% L/ 4|RE-140RA |Mabuchi Motor 3| 15175.9|p21x21 Electric Toothbrush
T 30 éj\FEﬁ Eiﬁ é ,,tj: Z) 9“%5&% 5 IE];@T@ D 5@ L/ f:o /%?%E:qu a: 5|RE-260RA |Mabuchi Motor 3| 12994.2 ?32'35'5X Electric Toothbrush
b FEERMAER (R290: 4 vol%) & 725 R290/25%. TR 6|RE-280RA [Mabuchi Motor 3| 9152.3|¢24x30.5 |Electric Toothbrush
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BREBEALT, L L7ass b EROME, HRITED Table 3-4 List of the specs of electrical

MR TE A oTe, AT —F OIS Table 33 1771 general appliances employed as the electrical
= - Ay~ - - ST

TERIEHFWNSNZ LIZLDLHROND. LIEA > oad for ignition test of R290/air mixture by

égg%%i% E/'D'if &%%—z;f%:ﬁfiﬁ;&f% 2L -7, an arc discharge generated at an electric
ZER T HRE XA ] HE ANV
4) VVv—EEATOT— 7 HBIZ X D%k Rated
(a) %%0)%% Photo Products Maker Type (Ffz\r/vn::?\;s;cion
343(DOHEICR LT, FEREZ AR AT REEFE R
R, 342(DHI TR L DT, AL v FRV L—EDH A | | brectric cop.
THEL DT — 7 A & 55 KIEICO N T—E DRI . Serewdriver | 001 (1021 160
BFONTNDD, BRMEFGFES — RIS TH2Rn
= k 73) % ’ ﬂﬁ@ﬁ?ﬁ%lﬁl%%*%% LT%BE%%EGLCQZ . Hair Dryer Panasonic |EH101P 1200
i &% 2BRVRILE oo TS, 22T, E7 /LM
M2 S L C U U—8 R (C 4 5 & B R
DR R B A B B T L F— iR B - S A . ©
EHIT, RO/ZERTIRARTICHES 2 2% L CTEfESH
AEKRKEROERZEDET, #ATOT7— 7 KEICK
HAKHEN RIET IR ER O W BE S, ARG - Ve oanasoric 10 1150
LEMNLT D5 R BIE LT,

HARE 72 EBREE BT Fig.3-21 (R8T, 727 U Ll
DOBRBER % (130 mm X 85 mm X 75 mm) FUZHBE AU L— (OMRON, MK2P, G7J) ##%& L7-, ZhIZAfif
ELTCHEEBEMS (Table3-4) F2IXalZGias (RIEKTEETE /123 200,500,700 W & 725 K 5 FR%E) A8k L
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Fig.3-21 Schematic and photo of experimental setup for ignition test of R290 by the arc discharge at the
electrical contact.
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Fig.3-23  Relationships of discharged energy and discharged power consumed in the period of
discharging against the theoretical consumption power.
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Fig.3-24  Visible behavior of ignition and flame propagation of R290/air mixture ignited by an arc discharge
at the gap of electric contact.
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Fig.3-26 Photos of closed-loop-shape combustion chamber and heaters employed for ignition experiment.
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Fig.3-27 Comparison of the relationship between the ignition time and the supplied power per area for R290/air

mixtures of various compositions.

49




700

©0.0 m/s-$0.51-25 0.0 m/s-$1.31-25
‘ 0.0 m/s H 1.0 m/sJ l 2.0m/s l m/s-& mm m/s-¢ mm
__ 600 A 40.0 m/s-$2.36-25mm 0.0 m/s-$2.50-25mm
/
Z ﬁ Q % 0 1.0 m/s-$0.51-25mm 0 1.0 m/s-$1.31-25mm
H;? 500 ‘ ° 5 b7 2 1.0 m/s-¢2.36-25mm 0 2.0 m/s-¢0.51-25mm
1
- L @ 2.0 m/s-$0.89-25mm 2.0 m/s-$0.99-25mm
o " o
1

€ 400 o ®| A ©2.0 m/s-$1.36-25mm * 2.0 m/s-$1.52-25mm
= “ “ ‘f}A * 2.0 m/s-$2.50-25mm © 0.0 m/s-$0.54-25mm-Ar:N2=1:3
g 300 \. (. ){‘ ® 1.0 m/s-$0.54-25mm-Ar:N2=1:3 2 0.0 m/s-$1.04-25mm-Ar:N2=1:3
= 200 ) ‘& \ ® 1.0 m/s-$1.04-25mm-Ar:N2=1:3 4 1.0 m/s-$2.36-25mm-Ar:N2=1:3
) %l ok 00.0 M/s-$0.54-25mm-Ar:N2=12 O 1.0 m/s-0.54-25mm-Ar:N2=1:2
- 100 S S \\ 00.0 m/s-$1.04-25mm-Ar:N2=1:2 01.0 m/s-¢$1.04-25mm-Ar:N2=1:2

~
T~ ﬂ@ £ 1.0 m/s-$2.36-25mm-Ar:N2=1:2 1.0 m/s-$0.54-25mm-Ar:N2=1:5
0 S - Lorm 1.0 m/s-$1.04-25mm-Ar:N2=1:5 1.0 m/s-$2.36-25mm-Ar:N2=1:5
40 60 80

Supplied power per area, P/A (kW/m?)

Fig.3-28 Comparison of the relationship between the ignition time and the supplied
R290/02/N2/Ar mixtures of various compositions.
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Fig.3-29  Visible behavior of ignition and flame propagation for CsHg/air mixture with different forced flow
velocities. The yellow arrows indicate the flame front.
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Fig.3-32 Schematic images of the temperature distribution around the heated surface in the absence or presence
of forced flow. (a) in the absence of forced flow (b) in the presence of forced flow
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Fig.3-34 Temperatures of burning cigarette. Fig.3-35 Diagram of ignition hazard evaluation by a

burning cigarette.
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Fig.3-36  Schematic of experimental setup
for ignition test to R290/air mixture by a
heated tungsten wire.



(a) Input current: 16.4A

0.0 ms 1.0 ms 2.0 ms 3.0 ms 4.0 ms

(b) Input current: 20.0 A

(c) Input current: 30.0 A

0.0 ms 5.5 ms 10.5 ms 12.5 ms 13.5 ms

Fig.3-37 Sequence photos of ignition behavior of R290/air mixture ignited by a heated hot wire with various
magnitudes of input current.
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Fig.3-38 ~ Traces of flame front ignited by Fig.3-39 Dependences of time since heating to
various magnitudes of input current. ignition on the input current.
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Fig.3-40 Photo and schematic of the experimental setup for ignition experiment by the laser-induced
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Fig.3-41 Sequence photos of visible ignition behavior of R290/air mixture by laser breakdown in various R290

concentrtaions.
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FREEBR TR AR R ST A &, BERER EICE N o m B b S R AT UT O R EE 0 R R
EIERR U T2 Stk CRUK IR ATV, SENESOHUREVE FHAI U CRRBERS 284 3140 L 7.

43.1 JL—LI7IaVEARICHTLHRBILERESNEROERTFZE

ZrsRy (R290) OURRILHCEE) TR T LIS HERIER E > h TITo 7z, BB COENE T &
20m D 1/1.8 A7 —/LThHDHKE 1.11m (BEEEOBEEm T R) 25, HEEOERKE 2 AVvONEREE %
2R B, 22m D 1/1.8 A7 — /L Th DK E 1.22m LU N 25223 L2 GA 1 TBRBE FIRFURED 12 Lr b &
DR L, EHBEER CORERENMEZFET LS ) ANVRELRE L.

R32 & R1234yf OUFIRILEZE BN FZER & T~ CTOMBEOBREE 2R N F5R L, RSB S (NITE)
LHEMPHNE ¥ — DL BRI TITo 7. LFLOERIMERE Y hTOT o /U ERTERE L, N
£8 60mm DO MERH A5, K E 1.22m LR 258 R LIS G ITRBE T IRRED 12 L7 b &% L
7o, B & Ui, SRR O U A 7 S CEBMICH O HILTW D 4 i oft, AR 2 4 %
RN B EBREIT o T2, AN IR R IR 2 W TR IR OB 2 3142 =2 & T, i U7zt
DY BE 53 A e P B R 2 LR L 7.

EEE = TWTNOERTY, NAT— VSR O RUEED RIS T ITHEICIE =, R EE S0,
14, 28, 42, 55, 83, 111, 133cm @ 8 [SIZHRE L7-.

432 J—LI7aVEARLILORBEERELIZ/DRy—)ViRETEHEE RO RERER
(1) /WA= 7 e N PREIEE R BRI K 2 SRR IRAE RS 8 O /- Bl

FEHFGABR TORENE TiE S 2.0m O 1/1.8 27—V ThHE E 1.11Im ([CHEEOBEKHE 2 AL 2 %E
L, W% 25mm 5 60mm £ TE X726 4 e sEit oMt 21T, 9 BERBER TRk I
TERESMAZHET D ) ANVEREERE L. / AV 35mm UUECIEEERESAICHERIEVITIR O

61



o Ty, b K< IEHIIIER & B 5 A 60mm DE M, XV E3E L.

Q) INAT =T N IRRAIEECERR T X AL BRI WO AR A K D TR

2019 FFEITAT o o /— AT 2 NS 2 O T2 IRIRIEECR B G IR <, 4 oM siktk oK
AT D7 N AR S i < 72 DIRE T 2 G 2728, BN OBLIERNZ2IRRETTE LT 3 2T
DOIFIRE T 2 M8E L CIRIRERZ 1T o 72208, T O R PR O & LIRS T 2 #iat15 = & I3 R ke
THY, FRRENPEZ 2ENOFEERBEORNE L TR TERFT 2 Z EIEIRARETHD. £ 2T, WKL
W2 KD Z D856 OBREEEE EIRMEO Y 25 0 5 L2 RET 5720, =7 a I RBESNZHEOIZIE
AEARE FAI L R b O nRTEIUE 2 AT D IMIBA R 2 Gt L7, BRI, ikt A% 60mm
WCEE LT, @S SE2EXT 4 peBERHEREZITVIEKR THROEEREDMZMR LIz, / A LES
57cm DZAET, K 28cm LA T Tl 4-5 vol %, K E42em UL ETIE 1 vol% DI EIE A TER T2 Z LN T
7z

(3) /INA A — L R32 JRiRAE B s 5

T a Nk WA — VRIS TEE LN 60mm OMEE DD, FKE 1.22m DL F 2522
B LT B IR BE TIRFURE D 1/2 L 725 R32 Z A L7c. TRiREEIZ 4 Sy oofitl, 8, 12, 18 ;3 &A% THy
LB AT T2, & THROR EO 7 m S UREEE 4 5430 T 9.5 vol%, 18 73t T 8 vol %2 &,
RN R 722 L DT DITREMEL 72 o 7oy, B OENZ 2 TEE 540 OB 2 E VTR b7
o7z, (Fig. 4-2) W fig HIRFE O FE5R T & B #& TR ITEEE IR D 13.3 vol% % i 2 D IR FEIk T 72 &
BEZHND.

$£77, B AVEZE 60ecm &5 LT, KN HEE 14em £ TORPBI/LFERLETH D 17.4 vol%
WAV, 16-17 vol% 2 E DRI 2 TRk 35 Z L 3 T 7.

‘ 9‘1 L/min ‘X 45 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
RN R32 R1234yf
a%\ 1 4¥\ 14 L/min X 125
&
30 L/min X 1243

20 L/min x 184 \ \
4L . E /

34 L/min X 5%

L)
©

Concentrations / vol%
~

0

. . . . . . L . I I
[ 02 04 08 08 1 12 14 [ 02 04 08 08 1 12 14
Height / m Height / m

Fig. 4-2 Vertical distribution of concentrations of refrigerants after discharge

(4) /NA A — b R1234yf JRiRAE B RS 5

T a R T NA T — VRIS TIRE Lz, NS 60mm OMERH OGS, K E 1.22m LR E25%E4S
(IR L2 ICREE FIRAREE D 1/2 & 725 RI1234yf &t Uiz, JRiREERENE 5, 9, 12 9y & A2 TH%4
B AT o772, &K THOEK EO 7 o R U BEEE, 5 0 T 3 vol%FREE, 12 43 T 4.5 vol% iR E &,
BRI N R K 72 % CIEEENE L oo T2 9 4 & 12 2 D TR E A5 AR I BHZE 725E VT R S R Do 72208,
5T HEARD EREE T LS 500 3fEL EE< 2o TnA. (Fig 4-2) WI O R D SEER T 4 fik
HIRE T2 ITREE TR D 6.2 vol% & M 2 B IRFEIZ eV EE X HLD.

FTo, B AN @S % 65cm £ T5 2 8T, KN DHIK E 28em F TOHIPAI/LFEGRIEL TH D 7.8 vol%
2TV, 7-8 VOI%FRE DRI Z AT 5 Z &3 T & 7.
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433 JL—LI7IVEREDL LORBEESE L /NMRr— VRGBT MERERFE

AR OYRIRIEHFEEN G CHUS U 72 BER LA O H s B BREER BT 21T 5 IR S 2385 L TR L,
R T 2 0k Lz, mkiZx Ay b T AT IS5V IICHE Lz 60 Hz ZFEIRO 12 A %2, fE=
e F 2 em ICRE LI- A N—2 75V CHET S - L Tffo 7.

FHBEBRCTIE 1 o5 @ FEH LEEZHE LB L, 118 ICA7—/L L= OIES Imm F
720 2mm O 7 7 U AR Z S CARL ik U CRE L7z,

PR N L, BHsSNEECRE L O TR —DRE ' oY —, BEEENIMNCRE LI #e o4
—, BN E LI BRI~ A 7 a7 4 v CiTole. T BEKEMRT D72 ORIV EE T A Z,
KRAGAE DR Z BT 5720 DF ) 7 o ailEERE D A 7 2 RE Lz

434 L—LIT7IVERAEINSCORBEZERL/DR7—IVRBERETHRBROBE
(1) /WA =T a S PRBESCBERTAM ORGR: & FEBUBEBRTE R & D FLik

FERBER O ME IR LA 2 BT 2 BUH S CORHFERIL, BN — 7 BHEIE 13kPa, FNEE T DR
B — 7 fHIL 26 kW Th o7z, EHBFER CEHIl SN2 EIZEnEh 5.6kPa, 6.1kW THY, /hAT—/L53k
BROFERIIZ D 34 (5L 72 TWD. INATF— L TENREL o T LESFHEKE LT, mEHLELT
7 Y VEOPREEBOE R, BEEICERE T BB L — L L OBEEORVERE X ONH D, fE
Hi L2 D R 4 — AL F R BEBE O 4l IE 1 TS IC R T 5

(2) /NA T =T X PRIGERS BERTA DR FE 53 AT DR

HIEDO/NA 7 —)VEBRIZB T D 7 S U8B, KE SR ES55em BE £ T, 730 OBREE FRRAUZIT
VY, 2.2-2.6 VOl%IEE TH DKL, it/ AviE S & TP C, WRmd bR b 28cm FRE % 4-5vol % & 3 2% fikth
S TIRBER B A I LTZ & 2 A, BNEY— 7 BJEIL 20kPa, EBNEBETOMEEA L — 7 {HI1L 87kW Th o 7-.
FEPARZRDMEAE L7225 OBRIER O R ZWE, BRBEDF < BEF ~ D BMRIEDFXIENBOGEITIE, B
BN S HE SN AEICEL, IR SNZGBEENE LWEAIITIEE L 2D EE2bNS. AiFZE T
FEEEORBZERNCIT WG L LT, WIEIC K » THIESNDEHED T 7 V VBN R Z R E LTV D 28, [
1 mm /EDT 7 U VHR % T2 FEBR T b PRIEHE 23 K 2 MBS &g bl < ORI ORSETCOEANE — 7 i+
MWISHERERELS2-oTWD. B — 71T 3 £ EIZ2>TnT, ZudbFERE L EoRE
WRHHZET, TIT0ORNMEANPRELL oD EEEZLNS.

(3) /INA A — L R32 BRIGESEEZTAM D 5

4.32Q3) DM TR LTz, K2 HE L 14em £ TE 16-17 vol%FLE O Iz ik LT, REER &%
FHAIL7= & 2 A, ENE—ZBEIL 5.7kPa, EWNEETOMPEA L — 71X 2.6kW Tholz. ENE— 7L
%, W 1mmEDOT 7 UV NVEME W7 a0 3250 12 FRE, ENEETORGE e — 7l 1/10 F2EE T
H5.

4) /NAIr—)L RI2RBER B KT BT 7 VLIRS D

AT CTHWE 4.3203)D K SAME, 2mm ED T 7 U VEM 2 W RS ZR A 1T o728 2 A, N
v— 7 i8JEIL 33kPa, EHNEETOMS A — 71X 38kW Th o7z, UL, 1mm/EDT 7 ULk TORER
DONEIL S FLLE, BOEGZ 10 5L ECTH 5. BT BN 236 532 ClE, SENEITR LABEHE
PLEICEN BB OREINEEEST 2 2 &, BB BJE B ORI N R & S BT 25 Z LAV RSNz,

(5) /N A — )L R1234yf BRIGE S BB A 0D fi -

4324 DT Lz, R K L 28cm £ T4 7-8 vol%aE o Al BRIk ik LT, BREERE A 3
HLmEZ A, BNE—78)EIL 0.8kPa, EBNEETOMSFEAE — 7 fEIX03kW THo7o. BENE—7iBET,
FC 1 mm/EDT 7 UAEMEZRWET a0 EZRO 1/20 FREE, SNEETORSEE— 7 E1X 1/80 FRE TH
5. R2ZOFEF L LTH, BENE—Z78ET 1/7 F2E, ST 19 BETH 5. Fig 4-3 1Bl S0
TROMEREE 7 A 5 OB A2~ . KEEHEEE DIV R1234yf Ok J137% /1 T EH U TAES MG Lk
ZHRNCRIFAHTICRIZE L, BHEENO R1234yf 218 LK DR1ICHET 5.
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(6) /NAZr— b R1234yf BRBESZCEE XT3 2 W EE RN oD 52 %88

BN O R = ANV B X GO TENEZ IR L, A THW T 4.3.2(4) & R US4 Thk
H U TR L, BREEEEZGHAI L7, ENE— 785X 3.2kPa, SEWNEETO RSB E — 7 i 0.7kW TH Y,
FENE—ZIWET 445, BB T2 HEREICR 7.

a) b) c) d) e)

Fig. 4-3 Fire observed after ignition at 2 min after finishing discharge. (R1234yf, 100 ms each)

435 L—LI7aAVERBICHEITEIERBET « SHINTF—FFEOFE LD

AR, 7 a8y (R290), R32, R1234yf O 3 SO HDWT, /INA 7 — LR % F O CIRMRILECE
BRI SR M OYRBESS B AM SR 21T\, RBERS SN O fE L O FIREMEIC DWW TR L. 7 e R OfE R
[ZDWT, WEEE OERSEETMEROF R LI LI 24, R 2 EBO A7 — bt P —HkED
WENNHETHD EEZDND. BHEADMIEMES, R1234yf TIIINEDOHENDH S Z LR SN2, KAERE
1%, R32, RI234yf FEDHEIZHDONT, FEHALOYEHCEEIFHA & RBE B R KR 21T ) TETH 5.

SEXH

4-1) IEC 60335-2-40: 2018. Household and similar electrical appliance - Safety - Part 2-40: Particular requirements for
electrical heat pumps, air-conditioners and dehumidifiers. I.E.C
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FEE EXPINREUREMMELCFEHRRBMACEY

51 [FL®HIC

ARAFFEBAFE D HEIE, K GWP 22 DL RMEITEN T2 IEEDBHSE - B Rk 2 T 2720, FriC7 v BRI
DIRA DRBER ML DL BV E Z DB EZH LI THZETH S, Jods s LT, BENREET S
il GWP il &, IRBEME DR WO RS 2 HITRET L, BN CTRE S TW D it oz v L uE %
IR A MEREPE, B2 0E, EEEEYE ISO817 12815 [N (Class 2L) | ICHE S NBBAEOE
JER AMRELENTED D TRFERNIGEMES A | ITALEST S b A & RS o @it & 7 2 IR-A /LGP
EHONCT D, FTo, K GWP WEEORERI /e ERA A R 2, R, WA, MBEo W46 5 D R
\CH 2 DB EFMI L, EF EOREELEMEEZA LT 5. B4 E TIE, R32/R1234yf IREFRIZOWT,
PRBERE FFPE OIRA L e ONREE TR BEARAFME ORI 2 #& 2 LR OIRGHLAL, A EOREE 128V T, R32
R0 RI1234yf BfR (FFERTEMHEAT R) % ERD 2 ENBENZ L2602 Lz,

2021 4EFELE, 72 ICAK GWP BB WEEER & L C HFO-1123/R1234yf 1A 5% & O HFO-1123/R32 iIR&H %
®fGel L, TS Td D HFO-1123 HR K ONE G MO S IRA RIS DN T, FEHE SR K OV 2 0 Y R i
ST RBUT DIRBERRTL, BRBEHIE, K OVERBRBESE OBRBERFERET 21T\, 7 — X &M Lz, BRI
SWTIE, CFI/CHy IBA R % & Tcfl 2 DIRERIZHOW TR ORIENEH 26T 2 IRA MR OB 217
ST, Flo, BESAPETME LT, K GWPIRAWMB.O LM E L THWLILS RI234yf IZOWT, K
BRI T IRIR L7258 OBBEMERHMn 21TV, T — 2 &/ L7z,

5.2 1B GWP B& St D AR 5 o 514

PRBEFR A DFEAMIZ, 2021 4F 4 HICEEN AMRZIETH TSR SN 7 v A a B — R O R RE BRI
B (EN1839B ik, JE) EF3>30%% AR &HIE) 2 AW TIT - 72, HFO-1123/R1234yf iR AR a2 x5 L L
T, JEEE 35 KON 60°C, FHXHEE 0%, 10%. 35%. 50%. &N 63%RH OFMT, fx ORAIZEIT 284
BERR SR 2 580 L 7=, f5 RO —B% Fig. 5-1 (2R3, BEaa, @ik, mrExsHE S FI2 38V T LEL EAMK L 720 |
ARG NIER Lz, 2 OIREGRITOWTIEL, BRD R CHXHEE OBRBER S EZ vz - o B Y =l
RV, BERHEMT 5o T, FHIEEMOGENREL 2D Z ENDhoT, Sz VT,
BAETZZLICE VRS EAEOWNTILEY b LFLEAKE S RHBEMENH D 2 & B3R iz,

10.0
(a) 0%RH (b) 10%RH t (c) 35%RH
9.0 E
o .
o b o r
% g0 T \'If_“A\ ________ L“n.\ & : O Exp. at 35°C
S Ry 2 ' A Exp. at 60°C
S T = el O A ier
i 70 A o __________ ) m\\\ ~~~~~~~~~~~~~~ : Le Chatelier’s rule
- a A e e li:_\ —
o AT o * ot \"':‘:ét-‘:::‘@t ‘‘‘‘‘‘
5.0 i 4 R |
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

R1234yf/(R1234yf + HFO-1123) mol ratio, -

Fig.5-1 Flammability limits for HFO-1123/R1234yf blends measured at 35 and 60C and three humidity conditions.
(a) 0%RH, (b) 10%RH, and (c) 35%RH.



53 EBEREOREMHEEEOKRE

IRA WO ARTEPEALSEORMEHEZ, FRCW 0 B3NS EN1839 B ik, [E7) EH-28 30% & & 1T
o7, Fig. 5-2(a)ix CO2/R1234yf {R A%, Fig. 5-2(b)ix COo/HFO-1123 IRA R DRBER R ERE R TH 5, Hi
H Tl R1234yf DIRETE /LI 0.683 LL T T, #4 Tld HFO-1123 DIRETE /LA 0.523 LLF TR (FIP =

Fuel Inertization Point) & 72572, LFL 23 10 vol%lL £ (@7 AR5 B TRIGEMES 2 1) 1272 5 5:4:1%, Al
FCIE R1234yf ORET/VELA 0.737 LLF, #£3 TIiX HFO-1123 OJREE /LN 0.936 LLFTH D Z & 3%

holz,
15 35
(a) 30 |0 P
Ql3 B ‘_,—A ----- B Q L
= 4 e S 25 | &
S o + S FIP
>11 FFIP > i
it " 720  =0.523 e,
_ =0.683 ",
LL SN LL
) 9 L oo D 15 B B o
I -o-LFL o d10 F | ~e-LFL | T o]
L 7 F T L
- - UFL - 5 } | ~&-UFL
5 L L L O L L L 1 1
0.6 0.7 0.8 0.9 1.0 04 05 06 07 08 09 1.0

R1234yf/(CO,+R1234yf) mol ratio, - HFO-1123/(CO,+HFO-1123) mol ratio, -

Fig.5-2 Flammability limits for (a) CO2/R1234yf blends and (b) CO»/HFO-1123 blends at 35 °C and 0%RH.

LR EFREDFIEIC L - T, flix ORBRYET 2 D FIP 23K, A[RPEH 212k 2 CO, DIRE R A~
72 Table 5-1 3 L OX Fig.5-3 1%, AHFFEICIN 2 ASHRAE 1512 L A REEOREE A2 & . IREFRD FIP ICBT
% COy DIRATENEZ ARA Y HEARD LFL 12X LTy hL7=b DO TH D, (@IL—FRAZRATRIMES A |
A TTRIET A% FKT ), Fig.s-3 Mo, — a7 v[RME AT A DWW TIE FIP 1281 5 COL iRA-E/VELIX LFL
R LN 0 R 7228 b &2 373, R1234yf <° HFO-1123 20D 7 v F R LAY TIXMBEN 2 0 s =
Ry o T,

Table 5-1 FIP for CO2/flammable gas mixtures at 35 °C and 0%RH
LFL FIP

Flammable Fuel ratio CO,ratio  Mixture
vol% ratio ratio vol%
C3H8* 2.03 0.085 0.915 34.12
C3H6* 2.16 0.087 0.913 37.36
C2H4* 2.74 0.087 0.913 45.98
MeOMe* 3.30 0.118 0.882 39.66
R152a* 4.32 0.170 0.83 35.29
CH4* 4.90 0.206 0.794 3141
HCOOCH3* 5.25 0.167 0.833 42.51
R1234yf 6.95 0.683 0.317 11.78
HFO-1123/R1234yf (40/60 vol%) 770 0.605 0.395 17.81
HFO-1123 8.50 0.523 0.477 25.47
R32/1234yf (60/40 vol%) 8.90 0.557 0.443 20.15

* measured by ASHRAE method.
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09 .'.~.\

0.8 | *e®
07 } HFO-1123
06 }

0.5 - ‘\\ ’A
04 B \\‘ /"
03 } )
02 }
01 F R1234yf

0 L L L L
0 2 4 6 8 10

LFL of flammable, vol%

CO, ratio at FIP, -

Fig.5-3  CO2 mole mixing ratio at FIP for CO»/flammable gas mixtures at 35 °C and 0%RH. Data from Table 5-1.

WIZ, CO, XIF R32 AR & L C— D mRMET ZZHM L7285 E12, ?Eé/a\%@ LFL 10vol%e’ %
153 (T(ﬁ&m Z4k) D COp I R32 A LA R R® 7=, Table 52 IZJIER R %, Fig.5-4 12 Z O
REITLORRMET AO LFL I LT a2y L TR, CO, /E'/\Tc_ou\mi Fig.5-4 D LB ﬂxODT
PRYEAT A TN 0 RO ERRER 2 /R T O2x L, R1234yf X° HFO-1123 TIXZ DO EBN L0 FHICTH
LT ENghole, ZORREEMHBETERST L, KR LS IZhoT,

y = 0.1156(10 — x) — 0.0006(10 — x)? — 0.0109(100 — x2)°5 (5-1)
B L, x 1ZAME A A BAR D LFL(vol%) % . y IX LFL 23 10 vol% & 72 2 KD CO, DIRAE V()& FE T, R32
BRERIZONWTIE, ZLOaETATIIN « % P ZRUTE D TRHICR Y B —&T 2 0I2xf LT,
R1234yf X° HFO-1123 (XTI 72 04NN D Z &R0 oTe, £ DX HBHRIT, 2 b DA A RO LFL
EAS 10 vol%IZiT < . R32IBAICKIT 5 LFL 7’1 » %@%miﬁi‘d\éu\f:&) LFL D /N & 732 XL RAARTE
P AR T Z RES ST H72DOTH D, 2O X I RGHE . BAEAITIZTREL L TOIRIC X
HMEENMLETH D,

Table 5-2 CO; or R32 mole mixing ratio at LFL = 10 vol% for (CO; or R32)/flammable gas mixtures at 35 °C and

0%RH

Flammable LFL CO, ratio R32 ratio
Linear LC's
vol% | Obs. func. Obs. Error  pred.
C,H, 2.03 | 0.774 0.80 0.930 0.005 094
C,H, 2.16 | 0.758 0.78 0.93
C,H, 2.74 | 0.700 0.73 0.897 0.007 0.91
MeOMe 3.30 | 0.644 0.67 0.89
R152a 432 | 0.545 0.57 0.821 0.012 0.84
CH, 490 | 0.470 0.51 0.762 0.016 0.80
HCOOCH, 525 | 0.453 0.48 0.78
R1234yf 6.95 0.26 0.31 0.723 0.030 0.63
R143a 7.23 0.28 0.586 0.044 0.60
HFO-1123/R1234yf (40/60 vol%) 7.70 |0.173 0.23 0.54
HFO-1123 8.50 | 0.082 0.15 0.656 0.03 0.41
R32/1234yf (60/40 vol%) 8.90 | 0.109 0.11 0.33
HFO-1123/R32 (90/10 vol%) 9.23 | 0.050 0.08 0.25
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S 10 =

o A ~o-~.

= AN o<

o A -,

= 08 | PN T 5o R1234yf

S} ' '~ & HFO-1123
T o6 o o 8

rolll i {‘-\

E A\A\\ .\.

2 04 | \

IS - ~ .,

= O R32 addition . \

S 0, | A CO;addition A

x - --- Le Chatelier’s prediction Ao

o --- linear function At
o 00 1 L L L A
©) 0 2 4 6 8 10

LFL of flammable, vol%
Fig.5-4  CO; or R32 mole mixing ratio at LFL = 10 vol% for (CO; or R32)/flammable gas mixtures at 35 °C and
0%RH. Data from Table 5-2.

RS O —Bg & L C, SREZRRRIET A L B END CRl 2iRE LT25A OBREERRORE Z17T
72, Fig.5-5()E A # VI L COIREDLA L LIZb D Th D, COy TIEARTEME T AT DR A
IR AL LGS D5, CFsl OGEITIRMENEINT 5 & T L ARRBEEIPH S BEE ICIER T2 2 AV L
7=,

ZOFEH & L TIE, Fig.5-5(b)D & 3V CF3l YN X - Tl OBREE % R4 5B b e & 1PN F R
EH R FORUSAEEMNT 5 Z & T, REESUSEADIK T 2MIH b L 3RIT, CFl O K TREEDIEME(L—
FNAFXF—=PETTDHZENEZILND,

Z I CHICEAEF 2T 5 X 0 JEl CFRl RO BREEE 2 T2 BN H 5 Ll L, BROK
BERRA OWIE 21T > 72, Fig.5-6 1 CFl IR &£ ) ERAROBRICOWTHIERM R A2 ~7, ATz E7) b
FEH=30%FE THIB T2 & BEZ 47-53vol%DIRENFIAME & 70D Z L3000 . CRLIZHEART & A E
WEETDHZENRHLNITR STz, ZOZ b, A X & CRl ORA R TIIAMEIR G (FIP) 1347
LW EEZLND,

-
—

50 3000
(a) A 2500 (b)

< 40 T +CFyl N [ +CFal [
% N ¥ 2000 F
=30 | &\A\ \ a
m N B \ Q 1500 } +CO2
D \ T~A_ A Q

20 F ) A~ I
) AR A < 1000 F
5 +C02 ~G~\~ - o A-- - -

o T e B

O ©-18, 500
0 1 1 1 1 T O 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

CH,/(n.f.+CH,) mol ratio, -

CH,/(n.f.+CH,) mol ratio, -

Fig.5-5 Effect of CO2 and CF;lI addition on flammability limits of CHa.

(a) Flammability limits of CO,/CH4 and CF3I/CH4 mixtures at 35 °C and 0%RH. (b) Calculated temperature change of
CO,/CH4 and CF31/CH4 mixtures.
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Fig.5-6  Pressure rise rate vs CF3I concentration for CF31/dry air mixture at 35°C and 101.3 kPa tested by EN1839 B
method.

5.4 & GWP ;B &m0 PABEE FE O 5E4h

PR BE S O FEAM 1L, HFO-1123/R32 IREG R Z x4 L, Epk4r Toh 5 HFO-1123 H AR K Y HFO-
1123/R32 1R & R DEENE S AR S OVl 2 O B SRR 1T DB B OIR A AR fF %, v =) — L
VAALIEZ W TR L 72, £, HFO-1123 BARIZ DWW T, B ORE - IRE - B EERFED
S &2 4T > 72, Fig. 5-7 RO —FlZ~3. K5, 35°C63%RH FLE (27°CFZA) £ TOEMA EOIRER
EFREICBWT, KRBEHREZ 52 2IREIXO=15ICHFET DL ENmhoTo, iz, MkhBEN Z &
DEL DL PREEEEE OB KEIXERIEE T IS 7 T A2 Dot o, BREESEEE O FE JiiklF
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Fig.5-6 Burning velocity vs ¢ for HFO-1123.
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Fig.5-8 Maximum burning velocities of HFO-1123. (a) dry condition. (b) various humidity conditions at 35 and 60 °C.
Prediction represents eq. (5-2).
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Fig.5-9 Burning velocities of HFO-1123/R32 blends. (a) Suw vs @. (0) Suomax vs blend mole mixing ratio.
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Fig.5-10 Maximum burning velocities of HFO-1123/R32 (31/69 vol%) blend. (a) dry condition. (b) various
humidity conditions at 25 and 35 °C together with Sy max 0f HFO-1123 and R32 at 35 °C and various humidity.
Prediction represents eq. (5-2).
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Fig. 5-11 Maximum burning velocities as a function of mole mixing ratio for R32/1234yf blends at 35°C, 1 atm, and
0%RH.
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Fig. 5-12 Effect of humidity on Sumax of R32/1234yf blends measured at 7o = 308K and Po = 1 atm. (a)
Comparison with prediction using energy fraction Le Chatelier’s rule and Sy max of each component at the
same absolute humidity. (b) Comparison with prediction by energy fraction Le Chatelier’s rule assuming that
all the H,O reacts with R1234yf.
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Fig. 5-13 Experimental apparatus of flammability evaluation of localized refrigerant in 520L large vessel.
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Fig. 5-14 Concentration distribution profile of R32 and CF3l introduced from the bottom of the vessel. Charge
amount of 3.4 vol% and charge rate of 1L min™'.
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Fig. 5-15 Concentration distribution profile of R1234yf introduced from the bottom of the vessel. Charge amount of
1.7 vol% and charge rate of 1L min‘!.

WIZ, Fig.5-16 12, R1234yf O FeH & 1/4LFL, 12LFL OBREERBROE R 2 R~T, H O EHEF
D BRI IREL Ko((dP/dt)max V') o RO 7=, ) EH O & L TIE, Fig. 5-15(c)IZ7R Lz AR A (RFE
EBBLR/FA LIEEENGONT, 72, KeEIZHOWTIE, MO RBERZHWIZERRE S0
T R1234yf, R32 ® KGfE 0.8 MPa m/s. 1.1 MPam/s (E55F] 5, 2014) LV IZD T/ E WD &R
Lo iz

(a) (b)
. N2 NP Y 3003 . i SO0 Wl 1] .

. ) —_— n

© 3 0o c LI Wean 020
o S o IS
© ©
= . i = o = e

y T 0 20 Mhrs

g A ) 2.. g S S0 Wyt 2_
7] [ a0 é o 21k DO% é
n < E o0 £
o = O . T
Dh. o o E 2304 )
00000 W) % %
0 = R I R

oL R . 2000 a3 1.o%

1$ 25 35 10 45 40

Time after completion of R1234yf charge, min

Fig. 5-16 Pressure rise and deflagration index (Kg) for combustion of localized R1234yf as a function of time after
completion of R1234yf charge. (a) Charge amount of 1/4 LFL. (b) Charge amount of 1/2 LFL.
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Fig. 6-4 Concentration distribution, the duration and time averaged volume of flammable region

within the balcony for different installation conditions
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FAMIIMERRFELID S 1M ETFT 2 ENTELLEZ, 109B4AFEL LT-.
644 MERAVREREE
IR 2 WRAERERIT, AR END 04%/F L L. BltRAVD I 5, BENETOMDIRN & ZH

RN OEIE 1T, %m%hgw@ 6%& Lz, T, EAMBICBEL TH, FROFAEREE»S, MPRHLER
HiRA (BHIBNZET) OFEEIE, FNREN88%, 12%E L.

TEERFOIEEER O A WL, BEBR I AR EDIEEI R Lo THRAET LD, v F U FIcHEkIx¢E
2= T T —DREMHENORE L.

655 BEAREEODREHAZE
RMESRIT, 2 MM MR, e PO B R L O BER 2 W AEMER 23 U C Eq. (620 bRE SN S.
F 72 22RO B RESR T Eq. (6-3) TRIFE T 5.

P=PF,xP, xP, 6-2)
Po=V, Vg 63)
ITCENENOREIILUTO®EY ThHD.
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P IR 2R AE R

Py ZE MBS

Py o IRp ] A i e 2 -

Ve RIRZ2EMTE m’

Ve: SR ATERZE TR m?

B, HEKMEEOREHOFEMIBELTE, 7= ICREHELTWA.

646 HNRETBEIAIRT—T

—RENC Y R TR A A M, BUENLBEREETO Produc | | Lo | o
FATATF—UNRIE L 2D, Fig 6-5 12, SFEIFHL ! gistic -
TWAHY R T R RA L NORIRFI & xS #0H s &

TR R - R, BRSO SN LA, Disposal s Use
ST, BRI N RBPETH Y, Fig6-5 I THRAHAT | -Removal {: — }{ '
TRLEEA, VAZ TRARAL FOMEEHSNCH | Transportal _ Us
B. LU, AR L LBz Relocation

A ORGE  KHD ) OANTRB LD
TT 3 DB L EARICGERWR L AR 2 o

Risk assessment for cylinders (R290)

D AT —VEERTZLDOLEZTZT-D. Note: The stages in red area are not included in the

FEEE - FEEETRNT, ME, VHAZATHEETO JRAIA risk assessment

TEHE, FRIRIZ T ONED, URAIZTEAA L RT Fig. 6-5 Life stages covered by risk X
WMEDHERG L LIz, assessment
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65.1.1 FRAKFENOENEEOHE
ERHFOENOE KMEFROFHIZIE, 6.2 HIOMBEIRA WY I 2 b— 3 U THE LAV TR ZERRFZEiE %
ER U7z, BEENTSENEN D DIRAWVEEZ (L S -mER 2 Wy 22 b—va v a2{To7-. ZOFER,
AN DOGE L 4 2RI D bR ARZEMETED 3/ NS < o leled, N aEBE L INE
ELT, VR TERAAY MUERT 2 IRZEMEEZ KD, 2B, BENTIE, ANOBENIMHES KT
DOBAPACW IR B O R JEM OO 72 & O INK 235 2 Hav, TV XA RZER A2 /NS <35 F e
LN, TOHRGEEEELTERNVTEDBE L TR0,
§W®%kﬁ_owfﬁﬂﬁz>Asﬁﬁf%éRwowﬁkﬁi Bk, miREm, A N—271230560h
%. Table 6-1 [IZENIZHFIET HIBTER 725 KR &2~ #RAKIE, 74 %—, D?/&,ﬁx:/mﬁ&T%
D, AL i, A3 Iz, BT 5 LHEFICHE KT H. miRERmEIT, ERE—FKy N L— NER
ETho, A3%ﬁiﬁa%kmfﬁﬁmtw BT AEREMERE . A —271%, AMEIC L A EHER A
N—7 LESESBHEICLDERA =TI bon5. BRANRN—7I12E, W o7 7 v8—4200
HETDHAN—7, BREEEO Y — %x&/b%)v~@ﬁ@6%$#5xﬂw7,:/ﬁ/%®%%%b
LM AA v F D ON/OFF (2 LD ANR—=7 72 ENHD. Table6-1 OGS, WEKAZ WY I 2 b — a3 v
THEOLN RO E S L BENICHIET DA KROGFES S Z i L CEKREZR/RE L. 77 BRI X
LR WGAIE, =7 2 OBE T2 LKREE TORIC S /RPN ER I NS0, BURNENEOR
TTHEASNDEAICE, BFREERVED. ZOEKENENEOE T T H S DRI ORH
10%& L7z, HBENORKE L-EARE, BATIEZANa, gmA 7, ooy r, &il&E CiiE
KA =T, ANR—=7TIL—HF—7Y & — ER=z——, ERIZD, BRAN—T, 7410,
N7 A v—, 22050, RIS, R, SE7—~y b, #fGE, BPUHAAS vF, artr otk
XELTholz. ZNHLDOEKFIZHONT, T4 7AXANEEE LT, &EKFROEHEREER & R4 R E
HELT., —FH, GFERIEZEZEETDHI EICEo TEHEKRIZR LW EHBILZb DL, v Yy, v
o, FHEERE, N7 TICHHM LRI AT HEER, MBIHA A v F O ON/OFF 2 EXRHIT B 5.
Rt ORE R, RN 200 g DHLEITE KIERD 2.61x101 & 7 7 R LICHERMELL T & iro Tz, —
77, BRI 500 g OBE, RAREFOEKMERITFFRME LB L 20, BEMKRELTT7 7 UHBEITO 2
LT L > THEKMERIT 132101 L7220, FRMELULT & 7o 7=,

Table 6-1 Potential Indoor Ignition Sources

Types of Ignition Sources Potential Ignition Sources
Open Flames Cigarettes during Smoking (including Lighters), Candles
(for Religious Event and Aromatherapy)
Oil Stoves, Gas Cooktops, Portable Butane Stoves
High-Temperature Surfaces Electric Stoves
Sparks Charges Static Electricity, Laser Printers
Brush Motors Electric Shavers, Printers
Thermostats Kotatsu(tables with electric feet warmers), Electric Stoves,
Irons, Toasters, Hairdryers
Relays Air Purifiers, Dehumidifiers, Vacuum Cleaners, Dryers,
Electric Carpets, Rice Cookers, Microwave Ovens
Others Plugging/Unplugging of Power Plugs, ON/OFF of Lighting
Switches

6.5.1.2 ENEABOFAXNEROHE

fiE RS D F KERORHIZIE, 6.2 SIOWMBERA VY 2 2 bL—3 3 > TH LI il RS RFZSFE %
L7 BRI EZ 5 2 5]1 L LTE, XTI UFXOBETORME, BREZRENREZEZ NS, 2
DH Y, BIMEOEFE T, B, BROBNPKRNTEY, ZANEAERIIKREEEL 52 5. Fig. 6-
6 ([ZHARDREE I 24 MO F M BB AR Z R, FHIKICEZ>TEL2ZXTHDb00, B
BLZE 1.0m/sec 225 2.0 m/sec DREIOIESENE . ZOF—F1n0, ARBOFRAESEEL, 03 m/s LN
2.5%, 0.3m/s 8 0.5m/s LATF282.3%, 0.5m/s B8 952% T -7=. HGE 0.3 m/s, 0.5m/s DEFOHIERAZ VS
2 b= BT, B 03 m/s LT (0 m/s TIRE), 03~0.5m/s (0.3 m/s TRFE), 0.5m/s B (0.5 m/s TR
#) OROBEKEREZZINENEBL, ZhoDMBEVHE L TEAEREZEE L
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Fig.6-6 The appearance time length of each wind velocity in 16 cities in Japan

BHNRG X OEKEE UTIE, [ HE OB 2 AR KISR0k, o= T = 35 I B
HEBERANR—INEZOND. 2, AREGBRIRT ) 772 8 LB L5808 ET2HEBEBLIA I~ b
EZ2oND. ZDOHL, HAAMIEKEEOHARCANS— 7 ZBLTIE, BET 7 > OEEIC LY X
L, BHKRIRE Lignotz, £, aIENICH D=7 o U BAMEITE KRICR W EOMENRH D &
KIRE Liginoiz.

RETORER, WD 500 g DA OESME FIRFO A KIERIT 1.15X101 L7220, KPR CHFMLLT &
7pod=. UL, Ziud, EAOEKERDRNZ EICERTAHERTHY, 63 HiTrLIZLIIZ, T
VNI SRR ARIBN AR S D 7, FESN O BRI A U 7o A I3 FIER B ZIRRB IS 72 5 W]
HEMER S 5.

6513 ERARFDEED

FENKOESN O AR OE K% Table 6-2 I2F & 7=, HEHAKEOENTIL, HKEOE SNLE, ik
BT RAF—ORN, WAVIEE & RZERRZERBOBRREER T2 LICED, ZeaFRELTT7 7 ]
FRAEAT o721, 500 g D R290 T KMEFENTHRMELL FIZ/R o7z, MHRFO=ENTIX, BREEZEZET HZ
LIZE 2T, 500g D R290 TOHFKMELRNFFHMELL FIZ/e o7z, £z, VAT TERAA L ML 1000g @ R32
IZOWT BT 72728, Table 6-2 121%, FOFEE b AbETEHHEH LT,

Table 6-2 Ignition probability of usage
(tolerable value; 1x10°'%)

Refrigerant R290 with countermeasure | R32
Category Mini-split AC (wall mounted)
Refrigerant amount 200 g 500 g 1000 g
Usage (indoor) 2.61x10"! 1.32x10°!! 1.68x1013
Usage (outdoor) 7.03x10°!! 1.15x10!! 1.38x10%!

652 {FXEBOENEEOHERVREXEK

i R LIS Ok - (R, Paft, B3, BEEOEXKOY A7 7R A MCELTHAT . ik -
BB DA T — NI O EER: & HBIEN D 7=, ML LTI R TRv A A "&FEm L=, F7z,
PafT, B, BEFEICIE, 62HIA D63 HI T LZIRA WY I ab—Tay (77 UEBE) CRO-AA
ZEMRF e 2 L7z, MEEROIRZWVITEE BRI ARSIl > TRAET I -0, 2UlRNFESIC2 5 L
Ez, 4 RN OREOARZEMBEZEREEHEH L2, SKFEICOWTUIEIEEAT—VTHEBEL TN D b
DEEDOLDNRHY, FNEEAT—VDEKICELVFTVAEERL, TNEREIL, SIEERAT—VDE
KIRZHIH L, EKkMEREZRET L.
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TT 3 Ok RE AT — VL, THTORBSERE DD —KAIIZEL TOO» G O TIEF THD
Hib.

OTHE NSRS AT (FT v 712X k)

@ REF JHE T ORE

@ RALETE D DT, WM E~OMA (M7 v 712X DilEk)

@R NS 72 & O/ N T T ORE

OP/NE NS O, JETBE~OMA CNER I X 2 k)

INHOTED Y B, FAFROIHALBE (BENFTE I T D EIME) 26 OB BER 2 O D3 ERFISH
BT oA E LT, PRIGHERE, JNAEAE, VI UHEREO 3 SZEELL.

=7 a L OREBFTY, TRAERCHEIEEN S LR BIAEN - I —FICRE - 5 PRl

(1000 m?) & A IeHlR CHRAT 28/ AK (15m?) [ZoHShDd. ZRHOOFENTIE, 74+—2 U7
FNOBEHAR ST T a v AT 5. EERRIL, PRAE TS A2 1 B 8FEMTH 20 H, S/NAHET
Z240" 1 H2BITH20H &9 5.

U I HEOERETIX, RANAREIL29m’, BHEABITEA TA LIEEICKER AN E LT 24, FXH
KRN 2 B L L, VIV BETOMEHEEIL 100%E 5. 2B, b7 v 72Xk, WERECE
WTCRIBRIR N U256 TH AR INIC B KIENTFE LW U A7 (3 E L7, 72, @k ToOmkE
A L OB, i85 % B 2B 2> & N O ZE [ ER, JE T 2 7208 KERITE|E CE L v &F %,
U AN LT

6522 WHRT—DDFUF

TT 3 OPEMEEIT RICLL TOFIETI TN S.

OWIEAHEITE MR L, BN, SIMEERESTT~RAT 5.
QZEWNANZHEA AR Z B £, BECREHIT 5.
@=FENHEICER 2 B fH1F, BB 21TV, BEICRETS.
@OFEIEICEARZED (0, BlE 2867 5.

OHZES X 21TV, HiRAVRELZEHT 5.
@FESNEOEMEFRZB L, BHENO S L F v — VB E S 27 ANICFRIET 5.
DFEWRZ AN TR 2 £l 5.

PAHEEORAEBEIII =AT U v b7 a2 O EOBEEFHABIM S 10 i 1B &L, FEEREM
IREPNA 1.5 BERD, =AM 1.5 BER o A5 3 B & Lz,

6523 BEXT—POIFTIF

7 arOENMTOBEEE L LTI, BHEE L2/ LGER 2 VO RREMERH D TENEO R HE
¥, Y—ERASTURNEB R TAN—72 LT 5 THROZHAERE), EEF LB ERNIEET DA
REER B D RV ORZHVESE ] 2 4E LTz,

T2, BAMUTOBEMEE L LCE, AOMTEENRRET D [EfHEL OFPEOZHIESE ), Bkl
O LGBEER A VO RTEEME N B D [RAMEDOSHESE ) 20E L.
ERVEEORAMEITHAERE LS 10%E L, FIEERRIZTAEN 1 E/ME L.

6524 BEXT—IOIFF

TT A DBEFEO RO ZE Fig.6-7 IZR-d. BEAT—UIE, MiE, VA7 VT E ToEl, iF
BIZTENDEN, VAZTEAAY MIWEOHREXMNG L Lz, ZOMO TRRIZONWTIL 6.6 HiTE KT
D.

TT AV EREET LB, £F, A7 Ay U ERICE D, BEEESARICEINT S, =7 o gk
L CWCEIETE RV AIIE, EAMEOIE 7 %2 B IR L, Sk & WAMERRCE T om iz Kkt 4 5.
D%, WHMERELE 2T AL, RESITNDENKE SR EMET D, TS Lo i@ mn o
s, VA 7 Gk SE, VA 7 b F—|CERSNZZICIAESNS.

81



~N

Refrigeran Separat
t pump down » ion of
or safe indoor
J

Disassemb Transpo
ly at the « ,ransp

Fig. 6-7 Flow of disposal

T OWERIEBEPEOF TRICH LT, VAT A4 T, Fig 6-7 ICFRFHAT CRI R T H T
BN L RIMEDO Y BEEE AT O MBEEREEZHE L, MEEEORAMEIZ 10421 HE L, 1EEH
VL 1 g & L7z,

6525 BHEEXRT—POEMR

BAEEAT =V TOVFT IV AZBEL, HEKREEZHM Lz, & KROFHERH & 8 4EBIE 4 Table 6-
3WRT. BEEAT— VU TOHBEOFKFITRIELZ AT L=, 72720, BN TOEERFIEEX LN
Lok Uiz, Bk T — R BB SN AT D L Lz, (RERFICITAaMA h—T 2 HT b0 L
L7z, $Efr, EH, sk, EAKOZ KIROMIZ, EREE, BRI A —, 253 —F—7RL
ZAEKEE L THE L.

Table 6-3 Ignition sources of work

nition saurce | Motion | Mumbe ¢! | famatke

fime (3) | motions ‘
| (times/day) |

Number of smekers 1 / person / b,
Commos; lighter ignition § secends,

Smoking of wotke Tebacoo red fire 40 seconds,

. , ¥y amoking rate 28.2%
Transoar! (wagon oar) 2 hours, 2 workers
Static westricity 4 Key alter rubbing the seat,

104 doot contact 3 fimes / persos,
Soontact ot kv and 10100 e persan Afie sndressing key,
door contact 1 time / serson
2 hears, 2 workers, 15 m?
Usage period 120 days / your.
Ol stove usage rats 75%
1 heurs, 1 workers

See “Ignition source during use”

Quoorrence rate of forgetting
1o check beasker / enerpzation 10+

5(-mu|
(e=al worehogos)

livedine working 50107  Vime/n

Altsching and detaching screws.
doctric screwdriver 30 2 Incidence 60%
Brazing burner 1.2:10° 2 Removal 2ad instalation 2times

652.6 BEERT—VDENEEOHERVREXEK

BAEHEAT —VDOEKMEREREH U2, %, SFRMEEZB A0, BEBRERT L. aIRMESELo
HRFIZOWTOHBITIMZ, ik - 1% 27— Tld Table 6-4 D%, afl, EH, MExT7—T
IX Table 6-5 DLELKRIREID Z L1128 > TEHEKEERNTRMLLT & 72572, Table 6-6 |22 % R E/MEZ D
FNEEAT — U TOFKMERERT. EERIC, BEMREBUNCET 5 2 & T, HKMEREZTARM (1x10
9) LIFICTESZ & 2L LTz,

L%, TNHENMLZAB ITHREEZER T2 TETHS.
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Table 6-4 Safety measure for transportation and storage

odiel Procedure
Labe! for fire A fire caution fabel is displayed on All
altention the air-conditioned outdoor unit, procedure
Elimination of Education to eliminate ignition scurces  Storage for
ignition sources in the same room in the warehouss warehouse
aovording to guidelines etc.

Use of portable Regulations for ensuring ventilstion, Transportat
leak deteotor reducing the refrigerant concentration, fon by

and carrying and using 8 portable leak  wagon car
detector by opening windows when

a rofrigerant leak occurs,

Safety measure

Measures 10 In order to prevent discharge Ignition Transportat
prevent by & charged human body, a metsl fon by
CEI T BT start Key is Insulated, or a discharge Wagon car
ILIHETRE R CR=TE plate is installed near the key cylinder

on the vehicle body.

Table 6-5 Safety measure for installation, repair and removal

Safety measure Method

If refrigerant leaks during work, the
FECRIALTELICREE TS combustible area is reduced by ensuring
detector ventilation by stopping the work and
opening windows.

In order to reduce the generation of
static electricity by workers during work,
it is stipulated to wear an antistatic
carrier.

HOUTDIRIRTEFS Prohibition of using a brush motor type
brush motor type electric screwdriver that is an ignition
glectric screwdriver EDLUTE

Wearing work gloves
agains! static
slectricity

Table 6-6 Ignition probability of working with countermeasures
(tolerable value; 1x10°)

Refrigerant R290 with e
countermeasures

Category Mini-split AC (Wall mount)
Refrigerant amount 2009 500g 1000g

Logis- Warehouse 5.1X10%3 1.1 X 101° 2.3X10
tics Van 89X101M  18X10%  51X1013

: in 1.2X10%2  19X10%  39X10%
Installation
out 85X 1012  45X10U  27X1015
Service/Rep  in 2.7X10%5 42X 1012 1.9 X 107
air out 26X10°  26X10° 20X 1072
in 27X1012  13X1012 22X 1016
Removal

out 9.2 X103 2.3X 1012 4.7 X 10

66 VRIVTFEAAVIFDEENBROEZHALIRE

VDRI THAA M, HEE LT U AIHESNT, @UNGEHA SN D 2 & 2RRICIThILS. Ll
EEZIE, VAZ T EBAA L P TIHEEL TWRVIREDBSEAET HAREELH L. TOBZF EREFITON
Tht#d 5.

661 YRYFTEAAVIFTOBRENDEZA

VA TEAAY MBI HBENDEGIZONTHMHAT L. TNONEAT DL L, EBEOE KFiE
MEEDLZENREGICHEBETE LN, ZNOOEREEZEEIT D2 LIFFHEFICRETHD.

O BEFERNY

BEFERFIC =7 3 N iER NV — NUANCRIR SN DG AN DD, BRER - REAOWMEICLD &, 6 FT
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TEHID, ZOXHIRGAFIBEL Vbt a— v =T —BNRERIAMEERD S.

® HHE LW EES

— AT, VR TEARAL FTIE, MEIITORD T 2V BIME~DORUKSe, AT OENEORH
EO R ELEENDOFELTHS.

662 YRODFTEARAAVFTOEENHT HIRE

BE, MHTELLTWD AL BIETHI R ZMH LT a0 ) A7 T7TRv A A M, BEHD
FREZBEL UTo 72D TEHRWD, BEEOFEKFHIIFAEEREL TRV, 2, LFOEBICE Y,
RI2NVAIHBEL Y LEKLEEW D LB NS,

D R32 O KT A3 B LA TREEN D 720,

@ R32 OF/PEKT LT =1L A3 B L R TRE WD

@® RI2DLFLIZ135%THY, ABHEELD HREI WD, R4 RK S HUEE .

—7J7, R290 %, HAJROFEN L, H/IEKTFLF =N RI2 DK 80 D 1 /NS W=D FESITE K
T 5. F72, R290 (XL LFL 28 2.02% & /NS WO R GRS A S D . - T, R290 =7 2> DFEH
{ED7-I121E, BIICEE L BENDOESLZ U T 50 N HE L 2 5.

PLFIZ, R290 Mt U CHEMET 27200 REZRET D.

O =7 aroRBRmEEIZEI - A SN D 72 OEY A D TRk

FEVVA I NVHIEEEDZT a3 OREEORIL - EICBET 5 A > 7 T8 2 Rat T 2 0 ERH 5.
AN ET DHAEOZENEHRT I ENEETHD.

@ =7 a UPERAIEER AT D VEEH ~ DGR E

AIRMER I 2 B B 5 MEZEICBI L C, SEECEMAIE AT O BT E 2 BT 2 0N H DH. T DG
X, WEZEHICBE T AMANIT) 2 b EZONDN, AR EKREIETHLHNEE L.

6.7 E£&EH

A3 B AERA L= 7 a2 ORIKAZ VWS I 2l —2a KRV R TEZ AL 24TV, LLTFOMA
o =

1) EAOHBERKZNWY I 2L —2a 270, RAWHEO 7 7 CHICET 2 % IEC kg ~D
Colbourne HDI-EXRDOENMEZMER L=, =721, FORERIC L 2HEATIE, WH O ITEIZ Tk
ENEREIND 728, FRKIRORIIZ L > TUIERIZR 2G5 LHVED.

2) ZBENIZBITD A3HEOFKFEEZMHEL, BRI 2 —va U TELNZAIRIROE S L=
WOEKIBEOFER I & B L, ENOFKRZRHTE L.

3) WA VWY I 2l —vailioT, XTI UFLTOABRIKO LR Z ERILL, X7 XX %
KIRABRIE DN ERR SN D AREME N S D Z L ZoRm Lz, RT U X IZEBEKEN D22, VAT
A A D OFER, G E WD HIBHITIZE S o 7228, HES DR EAIRI T A LA ITI3IEF I
fERR72RARIZ 72 D ATREME Z 1T H ATV D,

4) HITATAT—UIZBITFDHIVARITEAAL NEITY, BEKEREFFMHELTICT D200, 747
AT —HOEERNKERML L. 5%, TONREXM LA THEZERT I TETHS.
¥, BHETOU A7 T A AL M IEC 60335-2-40 EA.7.0 (ZHEFEDOHNEIZIESWTEE L 7=
IEC 60335-2-40 Ed.7.0 @ JIS {LIZ2UW T, Ed.6.0 {ZFE2 7= JIS C9335-2-40 DK IERRIZ® L, Ed.7.0 &
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5) VR TEAAL NORENDOEGOEZ HEWHL, #asr ZRIERAT IO EIToT.
EHth, A3 B AGEHA L7 ar 28k L, ZeIGERTA7-0120%, =7 a v O EN#EIEC
Y « VB X5 7= D DELY LA DB L & =7 2 > OPRAFRAS TR 24T 9 VEHE ~ D B K& | FE DO REEZE N
VETH S,

E i3
AbEET, FRERK, MHEMER (XA Fr10%), BESLK (EZxY V7)), AMAMCK (B2
Varyraryhr—)LXZEHRH), WABZK (EL@BEEXxIL), ZEEMK CEELS <ALV AT A
), WAFIE, WHERK (288, EBFAK Oy —7) OfMEEE &l O y=v7)
DOIFEEEIZ L 2D THD. F-ATHF—RELT, HHEK (XA F1L%), Lok—K GEZxvY
7)), BIEER NFY=v 7)), ExRKRBIRK (AN Y ar Y ray ho—LR%EH), BITK (58
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BHERL TS,
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6-1) K. Tamura, et al.: ”Ignition Sources at the Stage of Usage for Mini-Split Air-Conditioner using A3 Refrigerant”,
Proc. 15" [IR-Gustave Lorentzen Conference on Natural Refrigerants, 1069 (2020).

6-2) A. Baba, et al.: “Study on risk assessment of air conditioner using R290”, Proc. the 25" IIR International Congress
of Refrigeration, TS-405. 5 (2019).
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AN, BEHRRTEIE, A= R—v—Fy MR ETHEA SN TV DJEME#E N L 72y 3 — 7 — A (N
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Fig. 7-1 Model of reach-in refrigerated display cabinet
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V—FA v va—r—ADOBNIZEME RN AR, RESHKT 2T Z21To7-. 3 2.0m, H1.542
m, BAT0.7 m, FEHNEFE1.08 m® (N-T : 1 1.462 mxBAT 05 mx&E S 1.478 m) OV —F A > a—r—AD
iENTET V% Fig. 7-1 \RT . FEBICIZIEAGE, ﬁ%%&w77yﬂmﬁémtﬁ%%3%/%ﬁ%@,%ﬁ
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ﬁ&ﬁ%ﬂo%ﬁfhyﬂﬂm%(@ﬁZ%mM L, =T =T VHEBOBOHIT AT -, EEITRH
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m? (10 mx10 m), T R 290 23 0.358 kg i 0.5kg & L7=.

IR 0.5 kg, IRIAIFE 24.01 m? ORFOFERI L 5 BV KON 10 % D > 2 — 47— AR T ORI /34 % Fig.
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ZHib. Hg73i%ﬁ%oﬂg-:7ﬁ—?yﬁ-m%0u%@m(EEme<D%éf,:@%ﬁf%%
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[AifE 24.01 m2 s =7 A —7 M (b)ZRERE 24.0lm? - =7 7 —7 VA, (e)iFKEME 100 m? - :7w~7/ﬁ,
(IFREFE 100m? - =7 I —FT VAOKETH D, Giffiar==> FORELZ KE < LSS, AR R X
/NS 72 D DI AR HE < 72 BRI ZE I ARFE O fe KAEIELFR ET 5 720, BEDS 0 m/s DRFIIIRERTIZ L - T
AIPRZE AR DRRFZAL ORI R E < A 573, A& 0.083m’/s (JBUH 1 m/s) DL ECIERmERE DS rl A ZE R
FIZ G2 583 E 0 K& My, AR 0 mYs ORFE, KISATAE LWz el Rk GER R 2 i b & <,
Vo 7S e TR (BT 22 0% 13> 3 — 7 — ADIE ST (Fig. 7-2 OBATHA) (26 @A L L) rl R 22 A &
K&EL 2D, =T H—T U HORFIXENIC OB TR 5 72 e RIS R X2 0/ &< 7 b BEN
0m’/s UISNDIRFIE, QRO T OYLE A < AIERISARER I 23 < 72 0, ¥ g — 7 — A DIE T M ~DHEK
Bb< s, A3 MEETIE, HEXREXMIRO U V—E03EKJRE D700, AIRIRO LR IR C
HoThH, APRENICEKENGFET VIR IZEKICEDL AR SH S, L L, IEC 60335-2-897DCiT,
BEBAHLBRAAN D 5 3 AP R X A2 TR ZE M N AE R ST H AT Bl S e E A &N TLE 9.

.....

(a) After 5 s from opening the door (b) After 10 s from opening the door W,
Fig. 7-2 Concentration distribution of air flow rate 0 m?/s without the air curtain (refrigerant 0.5 kg, floor area 24.01 m?)

HATER)

(a) After 5 s from opening the door (b) After 10 s from opening the door
Fig. 7-3 Concentration distribution of air flow rate 0.166 m*/s with the air curtain (refrigerant 0.5 kg, floor area 24.01 m?)
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Fig. 7-4 Change with time in flammable volume when floor area and condenser air flow rate are varied.
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Fig. 7-5 Calculation results of a reach-in refrigerated display cabinet at 0 m?/s without air curtain
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@ 80 ® % 15 ® [ o
o s L X
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Fig. 7-6  Calculation results of a reach-in refrigerated display cabinet at 0.166 m3/s without air curtain

T T3 — T L RE OO A RIS R (T) Mo OVF-2) rTR 22 RREE (V) D FEMTHE S % Fig. 7-5 J OV Fig. 7-6 (2”7
%, ThENERERR L= > FOEED 0m¥/s L TV0.166 m¥/s (EUE 2.0 m/s) DEFOFTFERTH Y, Ffilix
W E(M)(kg) & R EFEA)mM?) ThR L7ZE (M/4) Th D, M/A OREEE L TR 7= Al RIBAKGERER(T))(s) L Y
SR AT R ZE MR FE (Vo )(m?) D Fie /s 3 % R(7-1)~2(7-4) L O Fig. 7-5 + Fig. 7-6 O E#R TR

2

7. (M s (M 2 .
T,=2.76x10"x (Z) — 2.86x10°x (Z) +8.30%10 (air flow rate ; 0 m%/s) (7-1)
2 (M .
V,=1.36x10"x (Z) +1.34 (air flow rate ; 0 m%/s) (7-2)
7,=8.38x10" (air flow rate ; 0.166 m3/s) (7-3)
M
V,=2.68x10"x (Z) +1.08 (air flow rate ; 0.166 m?3/s) (7-4)

U—=FA g =0 =203, BARTEO _EEF»D FHIZHD O KA ER SN =7 0 —7 » TALEA
DO HEH S HTEIZ M2 D [P S D EERH TS, EAOXIRA R 5% S0 0EE 5. BmL
DYAZTEAA NTIE, FBEFMRREEREEZ X, =7 —7  HRTOZT I —7 RO TR S
2V, EEfER = b OREA M OO 2 £ 1 CHVERRR K OfF LR O L LT 5.

723 FRL a——ROESRA VR

WY a —r— A TR = NrD O VT 21772, &S 0.81m, 1§ 1.8m, AT 1.09m @
Wy a — 7 —ADET V% Fig. 7-7 IR T. gt => ML, —HFOBROENGRE LTl oR )
HHERT 5. B mfEE 6.89x1072m? (I 0.733 mx/H & 0.094m), A& 0~0.207m’/s (B 0~3m/s) & L,
Va—r— A ELEEFNOPYICEEE L, SN O KHFmEIZ 0.4 mx0.4 m OJE SR A3 E L.
EeffasT = FOBOETIL, E&E0mYs ORI, WiAD &R OOR G BHEICR/A VS, BOEHOm
BERRFEZ 100 % & L, AR 0m¥/s K0 & KREWEHE, RO DIRA VS, B O OB L5l %
FEF U7z, JESHIERHE & 22 m, FRAEIFE 1521 m? (3.9 mx3.9m), 24.01 m?(4.9 mx4.9m), 36 m? (6 mx6m), 64
m? (8 mx8 m), 100 m?(10 mx10 m), I R 290 75 0.358 kg X% 0.5 kg, WA VVEE I 4 9 CRAEBEENFZ
W AE (4 4y efERi, 05kg T 7.5kg/h) & L7z,

Eeffaan— = b OJEE 0 m/s RF O AT BERIGHREIRE ] 2 ORE2) rT R ZE MR FE O fITRE R & Fig. 7-8 I~ ¥, XD
R 300 B (M) (kg) % IR TEIFE(A)(m?) ThR L 72l (MI4) Td 5. MIA OEIEL & U TR 7= rIBEGHKRE FE R (T2)(s)
S ONESE) RTRZE FRUAFE (V) (mP) D i /s el Ul % 2 2 v (7-5)~ 2 (7-6) L U Fig. 7-8 DFEMRETRT. 7083,
R 600a TOMEMNT HAIT o 72455, AIBRZEMIBEZEREA R 290 XV B 10 % K& 2o 7z,
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Air outlet opening (W0.733 mxH0.094 m)
Air inlet opening (W0.733 mxH0.094 m)

Fig. 7-7 Model of horizontal refrigerated display cabinet

<> 30000 : : 6
s Refrigerant amount (M) _ .
$25000 || ¢ 0500kg . ES * .
" x 0.358 kg g Ld
S 20000 sS4
E . / - x
[+ (5]
= 15000 S 3
s / g X
S 10000 : s2
g % X Refrigerant amount (M)
O 5000 ,/\ s1 e 0.500 kg
x 0.358 kg
0 %K.) 0 . .
0 0.01 0.02 0.03 0.04 0 0.01 0.02 0.03 0.04
M/A (kg/m?) M/A (kg/m?)
(a) Duration of the flammable region (b) Mean flammable volume

Fig. 7-8 Calculation results for a horizontal refrigerated display cabinet at 0 m?/s
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. (M 4 (M 5 .

T,=2.65%10"x (Z) —8.52x107x (Z) +2.37%10 (air flow rate ; 0 m%/s) (7-5)
1 (M .

V,=8.90x10" x (Z) +2.58 (air flow rate ; 0 m%/s) (7-6)

Befage = 2O WVEWBEOK X H LIZHOW TR A ER L WEE L L TRT-DBIREINT
WD T Z T, Al MR D iEifE(mM?), FIXERFRET 0.25, G 1% LFL(kg/m?®), ho IFMH O D HLLEROD F &
(m), O TR FE(m/s), widiiZ VWIEE (kg/s)THD.

Q- 5x \/K x w34 (7-7)
ho''® x {G x (1— F)}*'®

PR 8 24.01 m2, R290 78 0.5Kkg, A\ 7.5 kg/h O, 2(7-7)D A& 0.150 m3/s (FEHE 2.182 m/s) KX
8.4 %/ S \VWVEE 0.138 m¥/s (JEGHE 2.0 m/s) TrIBAEN AR S 477, R600a T RIEROMENT 217\, R(7-7)DJE
% ON9.8 %/ S WVEER T AR AR S R o 7.

PRIEIFE 24.01 m2, AR 0.5 kg, JAE 0 m¥/s T, IWAVEHEED 0.1~40.71 kg/h OFED F-2] rIRZE MRFE K Y
AIPRZE I RFZERE D FHRAE R % Fig. 7-9 1" 3. ATBAZEHIRFZE R IR 2 WOV DS 0.54 kg/h LA B CIESA SENZE D
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Fig. 7-9 Calculation results when leak rate varies
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~100m?, ML R290 28 0.5kg & L7z, KA 24.01, 64m2 DD U —F A L3 a —4— AD A PRZE A
ORI L% Fig. 7-11 12”3, N7 EFREARICE S TREEIC X 5 aRZERREOR KIEOZE1T55 E /s
Drodz. 24.01 m> ORFE, FIRRIBHRKGEREF BB 1 B TR ELS R7 ETREEO T N EV. 64 m> T
%, 7 ETRREA SIS X5 2TIM0NI2 203, SRR L 22134 Lik>Twa. Fig. 7-12 IR EIFE &
A[PRZERIFZE R O BR AR, 100m2 (2725 &, R7 B TR A 8K OV BRI R IC K 2 alRZe [ 22 fi oo 2=
ITFRE LS I 5.
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Horizontal refrig'erated
display cabinet !
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|:| of door i(WO.S m) I:l

Fig. 7-10 Model of store with door
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(a) Reach-in refrigerated display cabinet at 24.01 m?>  (b) Reach-in refrigerated display cabinet at 64 m?
Fig. 7-11 Change with time in flammable volume (reach-in refrigerated display cabinet)
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Fig. 7-12 Difference in flammable volume-time integration with or without store door gap
(reach-in refrigerated display cabinet)

WA, RIS 24.01, 64m?2 DEFDOIE Y g — 47— A D [ PRZEFUATE ORI 2L & Fig. 7-13 12, U —F A
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Flammable volume (m?3)

(a) Horizontal refrigerated display cabinet at 24.01 m?
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(b) Horizontal refrigerated display cabinet at 64 m?

Fig. 7-13  Change with time in flammable volume (horizontal refrigerated display cabinet)
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Fig. 7-14 Difference in flammable volume-time integration with or without store door gap
(horizontal refrigerated display cabinet)
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Fig. 7-15 Convenience store model (unit: mm)
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Fig. 7-17 Comparison results of horizontal refrigerated display cabinet
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Fig. 7-18 Image of encounter between ignition source and flammable region
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Table 7-1

Example of temporal encounter probability

Case T, T; n nx(T+Ty)/ Ty Eq.(7-11)
1 3600 5 1 4.2x1072 4.2x1072
2 3600 1x10°6 24 1.0 6.4x1071
(here k=1)
P=P,xP xPh,
V
P, =—"*
Vg
Ti2 +Tv2 {T 2 (Td Ti )2 +(Td Tv)z}
2 2 :
P - . _ T, +T,
T4 Ty

n
T +T
Ptzk{l—{l— IT V}] (at usage)
d

_ s

P
& Tyx365

aans

H:kx%—*—

T, 4T
H:kx%x%—%—i%l-

P, =kxP, xP,

Z 2T, n
P
P,
Py
P,
P
Py
T
Ty
Ti
Ts
Ty
Ve
Vy

n
T, +T,

S

S

b

T +T
a:kx%xP—%—A%J-

S

n
} ] (leakage not caused by work and ignition source caused by work)

+T,

S

}HXTS ITy

} ] (leakage and ignition source caused by work)

nxTg /Ty
} ] (leakage and ignition source not caused by work)

(7-8)

(7-9)

(7-10)

(7-11)

(7-12)

(7-13)

(7-14)

(7-15)

(7-16)

(leakage caused by work and ignition source not caused by work) (7-17)
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V—FA ¥ a—r—AOENRIICIE, 1FIERHIRT-D) R OR(7-2), EiEREA(T-3) K0T Z W 5.

96



Vg — = A N OEEgs L = > MRS, PR a —r— 20X &mH L, FIERHIE(T-5) K OH(7-6) %
vy, BERREIE(T-7) YO RELL BT > TR Y RO Al &35 . FEROEITF RO A AV Tk
DD,

75 KHE#ILX FTA (Fault Tree Analysis) ZHWCEHE L, HKMERDHFRMEZEZ TN H, VAT KT
LIoDDORERRERM L, ZHEHEKMEEPTFHRELL TR 5 E TR RS 7. ks, RERODFITL
R 7% HLICERE LTz,

7312 YRDTFEAAVFETILDORE

YA TBAAL NEATD BTNV, HIMEOHELRFHEN R = XA N T T 5. 2
YE=Z AR NTIREEE S () 5.6 FIEE) TmOWNBY 2 — 7 —ADOEREEICEDLEENEL,
A3 I EFEERCIEHNOELSEISRDO U L—ETHLEKT L0, A3IZE > TbERRETTH D LHE
T5. VA TEARAAL NTHE, R290 28 0.5kg, JEEHIERIE S 2.2m, Kifg 84.7m?> (JEEHINORE Y 0 —
AR a—r—A, FEI, MM UEEZRWME (LYHITEDR)) &35,

Wk > o — 7 — AT TGAEER, BB C—RRE LoBIEMIcimE L, @UR5inckE L CERT 5. &
L, RESITTITI D, A= —OV—ERPWRFICFF IRV ERZICHFET H. v a—r—ANRAREC
oG AITRELEOME L, —RIICAEIZRE L TH D BEFAIET 5 i - Bz iIchdd & LTH
RET D, B LOU R TEAA L NTIE, @ik, RE, =&, il B8 MEETeI/ 727 -V
LTRETD. BREHIETEMILREL THD L L, FRTRER L-ULE 100 42 1 [BILLF O kFHs
HETHLLTHD TOL L, WY o —r—AOHERDE KA 190 TH)1 A HRFOFFAEE 5.26x107°
U7z ABLSME, BEE L TEICY a—7r—RAZR0 I, FENREE 22T TV LIEEE ED S
728, IFRMEZFERARID L I ETFA2Z N TES70L 1L, 5265108 & LTz,

73.1.3 RWAVEERUAKRRAVBERE

T 2O (X AL ORI IC & - T TR L, SR, IRV K sy S 79, 22 R32 Tk 75,
10, 1kg/h™TH Y, R290 [ZHFE T2 & 40.71, 5.4, 054kgh L7250, VAT THAAL hTIXZEHEOR
¥ IEC 60335-2-407190& 2 1 CTob 5 4 sraiiwit (0.5 kg D R290 TiX 7.5kg

h) ERAT L. WY 2 —7 — 2O AR OGIER 2 W ARRIE, FAE/BRE»OEBERN, 23k,
IR DI AR Z Z N 5.26x107, 1.89x10°5, 9.82x1074 & L7=. FEiDEEfzRL= Y DDA
TIHDIRNTH RE R AREMMPERSND (1231FH) 728, 2 TORIWIEEMREOEFHE 1.0x1078 24
FEFO N BERAVE AR & Uiz, WBER 2O DS AE U7 B2 AT B 20 TR L 72 2.11x1074 2 913
RERHD SR 2 VR AR L L, THHEMH%RDEREE COMBIRZWRAEMR L T2, Bkhy & R ERNTZ
NEIBICLEEEERL, REFRIIEPRRELVEE LEZE20OED ZOE2Z O EMHT 5. EBHEEME
BEOVEE S AL ABIER 2 WRARRII 2 —~ 0 T —ORAEFE A LICEHT 5. s, VAZT
T AAL FTI, EFRQREEZBEEL, ba—~vr T —% 1.0x103 45 70, A[BRVEGIE~DE K EBL <
Briz7e B, EREIIRRITEELZETHEETHY, ba—~vrTT—%50x102 L7 5 7D,

732 FRABOENEEOHERUVREXE

U= AR NT N OME RO £ 7035 K% Table 7-2 \ZR7. BRASN—271F, JEHANOKER
25D U L—ON/OFF (a—t —F 4 A0 %— 1 H 186 0], 7T A ¥ — « FEEE ANEEE « B TAIMEL :
1 H10[RD), REREOER =t MlEHkE (1 H 20, BAEME S0 %), BBAA v F D ON 5 OFF ~
OOV (1 H2E) EREKFIZRDLE L. BHUNDOY a2 —Fr—ADT7 7 DT T E—4 (BEE
1 %) 1%, BERRRCIE, ZOEEICHEEORREERE LV &+l WKIRA AL D 72D, ET—F 75 ON ¥ 5k
(1 H 144 [8]) OHFKTDHE LTz, ZOWE, ZRFEMORFEFIT 83x102 (1 H 2h{51k), 7 7 UHE#HIT A2L
DY AT TEAAL FEREFOREEE 7120 25x104 & L, RAREFIIRERE 7 7 o #lER 2 Nz 7=k
TT7 7 UMEILT DL Lz, BRASN—7 OCERIY, S0Hz BERCTRR 14 EEDHETH L L S5ms & L
o, EFEMav—#T, FEATY X —LDEVERAHATHY, BEOTDFERAFTIET - EEKRIZRS &
L, 1B 3min T1 H 50 EEET D L Lz, FFERIEL, ARy a—r—A0&RIIN - RFEICRET DB
DL L, JEHNOETOAMIETHLEBELRMEBEELEZ T DL Li-. IFEHADNTE K7 ORI AJERHCE
BRVMEBIND T2, FIROKRT — X & JEEIPNIRE IR U728 30 %Ll T ORAEZRE 187 %ICHEY R T
DF50%%Fe U THESIEARE L, BEREITY) —FA T a—Fr—ARN1H4E, ZOMOY a—4r—
4L 1 A 22\ (x2 7r—RA), JER#EZ 1 pus™, HET XX —% 0.8~1.0 mJ"WE Lz, ZORET IV
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F—IEEIND AMENDS OFFEXMEORKKMETH 513, #EIZ O XNV —CHEXMENRETLHO
Ll HERETZ7 7 DT T UE—HIIMERLF—I/NE LT, Fig. 7-19 CCER 79 % FEIZER) 205
D X HITHE KT HHEOEEIL R 290 @ LFL & UFL OB DK 12 L 725728, AIRZEEZEEZ 12 12
L CHKMERZFE Lz, BRKITESIZBEI L CnD T4 2 —D 1 H 5 A% Ss DR ULEAZEEL, X
BEEfk CF R 0.01 %) % 1 H 10 h AT 5. RIZEHN TIIREET, £ ToOmEZREIXR 290 DH A
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FES, ARXIERE, OB KfESR (Table 7-3 ORXHRE) IFFFRMEEZB L2720, *PRERFIL, ROZ
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Fig. 7-19 The difference of minimum ignition energy

Table 7-2 Ignition sources assumed at the usage stage
(a) Electric spark

Name Ti(s) | n k Note
Coffee machine 5x107° [186] 1 Relay operates when selling
Switch of deep frying machine 5x10° [ 10] 1 Cooking every 4 hiin a span of 20 h
Chinese-style buns steamer 5x102 | 10| 1 Cooking every 4 hiin a span of 20 h
Heating appliance for “Oden” 5x102 | 10| 1 Cooking every 4 hiin a span of 20 h
Power outlet 5x1073 | 2 | 0.5 | Unplugging vacuum cleaner twice per day; occurrence rate: 50 %
Lighting switch 5108 | 2| 1 Switch from on to off twice per day
Copier 180 |50 1 50 times in a day, usage time 3 min
Brush motors of others 5x1073 144 0.01 | Turn on 6 times in 1 h. dissemination rate: 1 %
(b) Static electricity
Name Ti(s) |n k Note

Door of reach-in display cabinet | 1x107%|44 [0.0935 | Taking out iced coffee. 10 % of spark encounter flammable region
Exterior of open display cabinet | 1x10-%|22 |0.0935 | Shoppers touch metallic parts

Other doors 1x107%12210.0935 | Shoppers touch metallic parts
(c) Open flame
Name Ti(s) | n k Note
Cigarette lighter 5 5 1 5 people trying for 5 s per day
Combustion-type heater 3.6x10% 1 |1x10™| Use 10 h in a day, Dissemination rate: 0.01%
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Table 7-3  Ignition probability at the usage stage (tolerable value; 5.26x107°)
Stage No measures With measures
Usage 2.50x10°° 1.82x10710

Z T, EEr R OBERIL, A2L DY AT T A X b TFOFEGEEHCTHE L2 P OMER 4.05x104 025,
DIBRIRFE CllEd 2 e RIZERE TR 2R L D H0 72072 1.0x104 & L, %R, Z OmERCTriital
FEDSEWT ST E Le, EROPRIT 1.0x107T & L7z ™.

733 EEBOBEXNEEOHERUVREXE
TEERFX, BXKEPEBEL TNDI DL 5720, BEERAT VO F U AEBRIIL, ZORITIEERKED
FHKIFIZOWTHHAT 5.
7331 BEXRT—PDIFVF
WY 2 — 7 —ALEE b7 v 7 TEESIND D, T v 7 TIHEICE KRN RN, firs & Efisss)n
FCZERich DU A HTOMELZBEE L. U VE TS = v FEREZE%T 5. (ERITELOAR
P aL A, IR OARVHREIE L 5. A 5T BB L 72 D I RIS FE 2 £ 5 EF T4 U 7= BRI R
faiger = NOZHEENRAET D E L, U I U BHEERIE, WELREIREE 2 0F 5 (S5 TR X H3T
B U721 8.39x107* (7.3.3.4 Z[R) |(ZHEfEar—= = MIWHBENRA S TSR 5x10°3 2 F L 42100 L F5.
RBU AT THEAAY MIZEDT-OHU I U BHEEERN 1 OGEIZO N THITo 7. U I HONE 2.9 m?,
FHANBUIFEA T A LNEEICHLE 2 2 4, ROREEREIX 12 h, FHRERMIZ 2h &3 5.
7332 BREXT—0OIFVA
Vg — = AOREGITY, THEEGSCEINVEELSN SR LIAENT Y g —r— A & —FFICRE T 5
HEEEE (1000 m?) & AUGEHLR CRAT 28/ A (15m?) (oI5, BEANTHE, 7+—2 U7 b
RBHETY a—r—AEERT 5. EERFNL, PRIAHE IS4 1 H8h TH 20 H, B/NRETIX2 4
2271 H2hTH2 HETS., BEICRET DY a—r—X P2 s Y, Finld e =— UHa T
B = — U@+ A OREE, Pl EE X I = — Ui R E T 5.
7333 RERXRT—POVFVF
BREERICE, va—r—RAE T v OMENLH-IEICEATH FA LIEE, fMiFA LGy a—F—2%
JEEEN O BT £ CHEWT 2 ERIESE, SRES T CRIRCA B OB T 21T ) HEER S H. b
E¥ET, va—Fr—21E65bY, EEFE24TIhEZET D, Wi, fif FA LIE¥E 020, EWIEZE 0.1h,
PEAHEZ 07 h L9725, FEHORERIT, FRMEREFLE L, Ha TRy DR LI5S L CE
THMEROAEF 1.24x1071 (733.588) L35, HEAT—VTIE, HIE LHEREEEEPOIEH~ORE L
ETDH.
7334 BEXT—O0OVFVF
BHIZIX, A—h—DOP—ERAWSETEET IHLIRVEHE, —FNICRMNBE LIEET 5 IE/MER,
JEERNICERE L FIEH T 2 JENERN H 5. EROWNEY 3 —/—2ADEE 1.0x102 (HB LB
D 2011~2015 FFEDREFRHEOREFE R EZ WL L EHD 190 FETHRLEME L, T0Hrb, HMER T
DOEEEIFE OIEFLR 2 8.39x102 (AR LEBAREED 2011~2015 4E5E O IR BEFL 2 £ 5 EFE O FHA 1
RAE2EHAHTHRLIME) 295, B TORRMEGIEEORIIE, &ET ARZIEIZL > T 20 HATOE
HRBHMTONTEY, EE, RufETHL. FD7-0, BRI OBEFEN AT O KK (BEEFEEE)
EREL, F—RA% L TCRKUKRET 52>, —HEUSICHIE AR L2 RICREBM T2 2 L2 BET 5. 72
B, REMHIE, BKENSBENIZSFTT, 750, BEOBWEFT CO T 1T 9 . ERICET A EERRIZ,
BRI 1 h, FEAT BT & WA BEEI BRSSO ASHALZ 1 h, HIEFEIRIC 1 h, ZFOMOBELERICE D & 72 EE
IZ1h &7 5.
7335 WERXRT—POLFVF
WMEAT—UTIE, va—r—REFEET L0, IFHENPOMET L2562 ETH. 2O, WY
2 — 7 —RIREENR NS TRBEETRENT 5. FMOMERIL, FHACRET DMK 7.69x1072 (FHa 13 40
) LSRN U TR T 20ER 47102 (2014~2016 HEED o =2 2 A 7 ORANE « FIEIE &% o
TAEFE R AEMY - 0 ITHE L) 2830 1.24x101 & 95, WEICETAEERMIZ 1 h & 75, s
X, EEELEEHNOMET 2HA EEETOEH»OMET LA EEET S.
73.3.6 {FXRBOBFEXEEOHERUREXE
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Table 7-4  Ignition sources assumed at the work stage
(a) Common

Name T (s) n k Note
Smoking by workers (open flame) |4.5x10!|1.08 /h Séggn I(:Ifu rr:(tl)?tirp'):l 4/(1)) zlgs:rgg;(’i;ggn;g;? gén 26(,/‘;V1th lighter: 5 s; duration
(b) Transportation

Name Ti (s) n k Note

Key contact (Static electricity) 1.0x10° | 1.1 | 0.0468 | 1.1 times, discharge rate: 25 % (0.25x0.187=0.0468)
(c) Storage
Name Ti (s) n k Note

Static clectricity 10610 | 1 [0.064| (08 DY MO (egp e urpacked)
Combustion-type heater (open flame) | 7.2x10% | 1 ]0.082| 120 days per year; rate: 25%(0.25x120/365=0.082)

(d) Install, repair or removal

Name Ti(s) | n k Note
Ignition source in usage - —| — |See Table 7-2
fe(;:lvcifa({;l tlet (electric spark) (at repair or 5.0x107%| 1| 0.25 |Unplugging the display cabinet in question; rate: 25%
Electric screwdriver (brush motor) 3.0 10| 0.05 |Opening/closing; existence ratio: 5%
Electrostatic spark 1.0x10°6 |1-2 /O' 187 Touching with display cabinet

person

Brazing burner (open flame) (only at repair) 1.2x10% | 4 1 2 min x 4 locations
Vacuum pump (only at repair) 5.0x107°% | 2 1 Switch ON/OFF
Refrigerant recovery machine (only at repair) | 5.0x10°| 2| 0.5 |Switch ON/OFF, Misuse rate 50%

Table 7-5 Ignition probability at the work stage (tolerable value; 5.26x10°8)

Stage No measures With measures
Transportation (for minivan transportation rate set at 1) 1.12x1075 1.02x10°°
Storage (secondhand products in a small-sized warehouse) 3.25x107° 3.65x1078
7.65x1078 . 6.85x107° ,
o %< 10-1 o «10-1
Installation (store in operation) grrlrl;f;ldgl?g’ 13 27()7>< 1100, 8 ’ S;rrll};)ﬁlcg;ng, 41'-2280 ><1]0()*9:
emplacement; 6.41x107%) | emplacement; 5.65x107%)
Repair (in-store repair) 2.18x10°° 1.23x10°8
Removal (store in operation) 3.00x1077 2.81x1078

Bk, R4, R, B8, MEOBMEEAT —ITOERE KA Table 7-4 |Z7R-7T. AT — I DVEHE N Z
— DD, BEKFEOM AR & FERKEZRE L. HEPOIEFHNTOMEETIE, FEHAREOE KR (Table
7-2) LBE L. EEEOWYETIE, 1 K72 OBYERFR]%Z 5 min, ZOW, RKICRDHEFRZ 40s, 71
X —DEKEMZ S5s &L, BUOEEFELZBEL, BERE 282%, BUEAKZ 1.08 A/h & Lz, (EPEIFL
WERHE, TEEMMGRTICERTOY 3 —F7 —ADF ﬁ%ﬁ< EEMEEL, TOMREIL, va—r—ATEIZ

BN B DHER 50 %o b > a — o — AEIRHPICEIRZ K HEZE 50 %2 T U725 % e Lz, (EERFZBWTT
B8R, WIERIEED A A~ F ON/OFF (AFF2 1) WNEKFIZ/AR D & L, B O al MR 13 E
HCE W BRI O MR Z 50%E Lz, BRA/N—7 OERMIT Sms & L7z, BE FT7 A 3—
X7 T vE—4 ((FEFES%) BNEKTLHEL, mﬁﬁﬁ%u,%iﬁﬁ%mtwbt HERIL, EEE
DY 3 —r =AD& BRI AT R, AR O T — R ISR AT D & L, HERFNE 1 ps™ e Lz,
BROFERBIIENEEDO TV HAIS U THREL, &BISHEG L T 5EAIIX 1 BIETRAETDH &L,
iﬁ_Llﬁ(%Eﬁmm%.m%@ﬁ%f@¢%%x{%ﬂﬁ_lﬁ,m%%_zﬁ(t:—wwﬂ~&0
TRt 7 ¢V DEUMNEE), EFRREIC 2 [B] (IEBRBRAARIE & (& THRFO /SKAATTS L), ERRC 1 E (FEORARE)
& LTe. RRIE AR E R & BRI COERERE GRIEFRFOM T A LI, BIMEBRE) 1R EOKRT — & OWE 30 %
DU OFEAFH 3.2 %, TEEIN TOVEZER IS SR ICHR U723 30 %lL T OFRAESR 18.7 % & fidE < DL
L L. RERAROBEIZEKIRICRSR2WE L), HESEBH R T4 — (FF7F—%) 1 3E
TRAF—=I/NEL T, ATRRZEMIREZERE A 12 I L CHEARMEREZHE Lz, WitRIEIcBE b D IEHEE TIX
AT R =T =2 X DR AN A 4 2 min T2 BT 4L 5 & LTz,

72E, WERFY, U I UCEONBENNS WD, WO RHIBENEE NS 2D &L, R RkgE
MAFEIZENONFR—ER —D29m? & Lz, T LT, IRAWKE T ETER(7-18), i W T%IER(7-19)5
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%S> 0L LT, kﬁﬁLH&ﬂEL@ﬁ Zh DR AR D, ARSI & L7z, IRV 4 A
B, BREEOBREIL 1.11x10°3 mYs™10 e U, F55R, wBRIEEGERERIL 67.1 min & 72 o7, =7 304tk
LKEBANT— AR BRESEAREN K E K 718, BHNIZHHE &N AR S vz, SAKIANE— R
=R, BYEF OB EOPFARE RO, BRI NI T B S LR 0 R GEKRNCHIR Z 3 5 3)
% 64.6%& LT,

c=2xf-en) (7-18)
C
c :ﬂx(l—e_}”XM/W)X o (T =M /w) (7-19)
C
Z7¢T, ¢ IR kg/m®
M i kg
Oc Bi ] JEL oD 5 md/s
T i3] S
w PRI A2 VO kg/s
A b SAEIE [Al/s

T2, TRIAHERE R L OEIMEERF GRERFOM FA LK, BIMEBLRE) o nl BRG] & OV Ak

e, XT-D~K(T-60)I2B W T, TRFORKRKEME TH D 100m? & L7z,

HKMEROFHERE R A Table 7-5 ORI REFRT. F£RAT =T DT U A T b EKBERPRKEWNGE
ERHT D I HRE R 1, RERIIINE B TORELORE, BRIER - ASPEIR - flERHIEET O T
DOIEFE) 12, EKMEENTFRMEEZB L. T LT, ARESEORIREE (8, S KROHES) [Tz,
AT = VHHIIRDRERREIMD Z L2 K- T, H AR (Table 7-5 DXFHRINE) MWFFRMELL T2/ o 72, 723,

AJPRZE IR ZE R A2 R 290 LV $ 4 10 %K E VR 600a TOAEIC LT % [ U246 5 Tl KRN HFARELL TS
eH T MR LT

< 5> DOBEER~D KK DL FRIR

(V27 VE) QIR AVVRINEHETT, FEHRBIHR

<{RE> O ESB LD 726 O F4835 H
OREER K O~ ok $56 D

<P E> O ESB LD 726 O F4835 H
QBEER~D KT DL FRIR
O 2V MRIANSHETT, MR IEED I

<EFL> O ELB LD 726 O F4835 H
Ol 2V MRIANSHETT, MR IEED I
ONENEBLRE, KE~OWMBEHIHRE R O FHERFIZ, BREEE< L, HAME 252 TORK
#r DIAEE & W2

<> OB IED 7= 8 D F4R5 M
QI A \NMRASRETT, FMRIEET IR

2T, RO BEREE & B EE RO RITIT 1.0x10T & L2 79 IR AV ORh FITR ST R
ﬁ&ﬁ%&ﬁ&bl%N*kL”haﬁﬁwmi ROMFITAM L TORGHERTH S 1.0x102 & L7z, JEN
EFRRF O ~OBEIMNIY, MREITORWVARE 2=~ T —DRTHELETH E L.

7337 PBINERISHTIVRITEAAV

BROENICHH/ha = AA N7 (REfE 24.01 m?, KHFE I 22m) (205 kg ODHEEAFTIE L7
Wik a —7r—AZRBETHEEHELZY A7 TEAZAY FHITo72. R290 28 0.5kg, JE & 24.01 m?
D AIPRZEIRFZEREIT 7.2 EiCROTMEZ Y, 5 KIRITHER RICE SO TRE Lz, PoNEEOFERIX
02%& L7-. R, FURZENRERD Z LICE>TETCDOARAT =V TEKERNIFFRMELUT &1z,
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7.4 EEERELEBERDORIE

7.4.1 EREHRE

SRS G TR RS 2R 0 E BRI TEC 60335-2-89 @ Edition 3.07VD E2NAE A7~ . IEC 60335-2-89 TIL Ak
PESEEIE A2L, A2 KON A3 A Fa.
7411 BRRXSEFIES

VLA SRR 2 AT E R I D B KFEHERE, LFL O 13 {5 & 12 kg D9 B/INSUWMEE TS, R 290 D
&, LFL 2% 0.038kg/m® TH Y, FAMGEEFIEEIT 0494kg 725,
74.12 BRNREKREE

0.15 kg BBO ARG I TR 1, MRS MEAFEICK LT LFL @ 1/4 & 72 5 i/ ek E R L E O
BIZERE L2 T2 5720, R 290 % 0.494 kg FolE L 7-fE8R 2 5% 8 CX 2 R/ ERIIAEIE 237 m? & 72 5.
7.4.13 WERA VR

0.15 kg HO a[RPER AR TlE, BEOHBEIR 2 WRBRZITh2 e b ewn. V—F A v a—
= AETII RN MRS ENICIR A WEESCHE LT 2. HMEEEOMBEREX, 5s LTFTORMBCRIEL,
HIEBIAE)D S min 2B 2 721X LFL ® 12 2B 2 TR b0,

742 BADRE

JIS C 9335-2-89 719, IEC 60335-2-89 Z FIlgh L E /2T B m—1 3 > (FEFEEE & OZR) 2Nz 728 DT,
Edition 3.0 (2% 9 2 KIEATT > 72, JRA 4078720 F (N JRA GL-2172D/% A3 it A L7k o — 47— A
DY AT THAAY MERICESS BB ITHETHS. Wy 2021 4£3 A 22 HIZHIESNZ. Znb ik
L THAROHK LR 5. RIZ, ERNAEZHHT 5.
7421 BRRXSEFIES

A2L BT A2 Je OV A3 A & 0 b RBEME ARV 28 TEC 60335-2-89 DHLE Tlt 1.2kg £ TLMFEHETE 220
—J5, ZEFEE OB IEC 60335-2-40 TIE, BREEMEDE WS A2 KLTYA3 BHETIZ LFL @ 26 f%, A2L BT
IXLFL O 2 f5E CHRIETE %, T2 T, HAROHEKTIZ12kg D ERZEELS L EOHBEETH LFL O 13 5%
THRIETEDHE L L7z, R 1234yf DA LFL 28 0.289 kg/m?® T V) g KIGHEFEHE R 3.76 kg £ 72 5.
7422 RERE

IEC 60335-2-89 TIdiF 2V 9 2 AIAMEGIEIZ & 6 SN AR IIRENGEEO B CA&KIREN S 100K 23 U7z
BEZHEZ TIRLRVWEHEINTWS. —F, ZEiO Rk IEC 60335-2-40 TIE, BN ORI 06, A2L
BIECE B SNHREEEIL 700 )CETHALTWD., FZTHADOHKTIE, A2 KON A3 BIETITACSE
KIBEDND 100 K 208 U728, AL Tl 700 °CE A2 TiX72 bW EHHE L=,
7.4.2.3  REREFRIAIER K UV AT#RIg A ARG LE 33 3

V—FA vy a—rr—ATIE, SEEEENENICREKZ O OFEABIIC X 0 AN KX 2 e RN B S h
% (7221H). A3 W CIIFFERSBESEARD Y U—E03 5 KIS/ 5720, AR O AN ERE Th - T
LEDICEKICEDL NS D, £ Z THAROHK T, HIEBLENS 5 43 OB E S0 BRIFR 2 Bk L C Al
PRIRD AR ZFFR LI WHE L L, NIRRT R TFE: & R ERrEE A i 2 2 HE L Lz, &b
i THM T, g =y MR TIIR@-)ORETH 7 7 VERA HE L.
7424 BBRAORTRVUEEBEORELEBR

A THE T, BER~ORRRESEFRARE L. BEREIET 2 FROEM, AWV OET
LB OVEE T IEEDOIEEREOE KD A 7RO - O OHE bR 72, ERERE TIX, KRE~OB
&, R M OB FE R TE N D

HEE RS LEKRE 222 TOMBGROBEZEN T2 L 2HE L. 2B, RIETARLEOBREIZ X
T, BRI AT PR A R TR T 5 Z & IXTE 720,

75 F£&EH

A3 RIEZER LTINS 3 — 7 —AD Y R 7 T 'A AL FETY, LLTFOfE a5,
(DWRBER AW 24T o T2, BT 20— I, BORETIT OV — LT 3 Sk 5 COp A WRIERS
REHWTHREELT7-. T ORER, UV —F A 3 a—o— ZADENIRIE O BB BCCIZEIMI 23 Al Rk
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DER SN, FEY a —7r— A0 == v MRV CTIIATE DR ELL L CRIBRIESER S N7, =
VBT AR T OFRMEE 84.7 m2 TILEED KT LRI ORI, B L= B2 T o Tk
28 MR ZE A8 2 S IV CRIEZR V. B = » PRALCIRIR 2 WEREE MK LT % AR R RFZE A8 3
FaEEAL Lo Tz, FHEIEHTT LV COMPTORE, KEEICIZIL NG EDLIONZYTHS.

QK TATAT =V DT UAEEEL, WEERZOENT A bR D 7o w2 MR ZE R & ARG BB R0
SR OMFFFERNORE LT A KIRAEFEI, BEREHE L. £, BKEREZTAEUTICT 5729
DLEERFEZAMIC L. EEREE Y 27 722 A 2 MERZEE L, EEEEORE CIILe R4
EEONDLINEEZBINTHE LI AAROBREEZER LZ. BAROBE CHEICHE LIENEICOW T, 4
#% DEFEHIE TEC 60335-2-89 DIIEIZKMTE D L ITIREL TV FETH D.

e

AHEFIL, MBRERK A L7), MHERBRK (For7y - VT —A v 27 4), RILEEK (X4 %1
%), ARUEEIR GREFY V7)), IRER (PEHE), wEHmK Oy =v7), ERIBEK (77
AV LA), HEFREK (B LER), KHER (Ros), RIETR (CEEROBUCH T AT L) 0%
AL T4 TR (228K OXFEEICL 260 THS. £, A7 F—E LT, BIMEK (1%
YL, EHBEK GREXYUT), AHB—K (NF Y=y 7)), BHILER (77 ~HV LA) OBERD
TWHHETHEWE., FHEROEMN—IRK (AHL) &0, Z IR EHH L LT 2.
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