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1. FRAZBMEE TV AL

TV UBREOBENDRE T v DR L LT I HFC (RET7 v y) DT ATIREZR
<, EARREE KON B EIC BV THERHHIBO ST AHE S LTV D. 51T, 2016 FFICHIRE
NI-EY MU A— VB EEXH Y WIEICB W T, TAEZ & oo E Tl HFC A7 - M R4 2036 %
TIZ 85% (2011-2013 AEDFHEEEL) BT 5 Z L3R BTV 5. BEFES IS E OfkeeE Tl Z o
HIEEZZER TERWI ENTRINTEY, HEKIEER(E~DEE D THRWRIEER D Omilt %
WA U772 o ZE TR es O BB BN LEDORIL E 7> T D MIREREIRO Y b, milEoifith A~y s
BNEL, KEF~DORAWIRE L THRERNREWEEER - 255 22T 0355 /NS B s s
TIE, KR E L THFC MR EH SN TV D, FRICREMEEOIE > T e WEEHZEREEZ ISR L L
e, HTRIBEMEDO A7 ) —= 706 R OB% - FHliE CO—X0BE O FEMIC L D, EEEIN
& Lo SRR FHES Of T IC L 0, RIS X DRIV GWP WL 1Y, 2 O F A% s o 4
B - WRBEABETHD.

1K GWP L& X 5 R R4 & L C HFO (HydroFluoroOlefin) 52 DHEENIEH S CW5b. Zh b OMWE
3 TAHEE IS RE —RFE_EMEEZALTEY, —&IZ, HERERR(LIREL (GWP) 2R TR, A%
P LAV & W) D FFIMA B LTV 5. 28T X OVR U E M T o ki HFO Rt & LT, HFO-1123
(CF,=CHF) # X O'R1132(E) (CHF=CHF) 2’ {EH STV 5. 26 OB IO BW X BT =B m o R32
(CHoFy) T3E<, FHEEA - %22, BB HZZH, MlmBHEICB W TR & 7e>Tnd . 7
BAE TIL, HFO-1123, RI1132(E), BXOIN DL ZHWIREGME A, WL GWP W & MR35,
— 5T, ThDOWRMARIK GWP WX, %k B o sOs % 5| & 2l RetEn iR S h T 0, ek
DIz VRS (e - 30E) 1T E O VWREMFHEN RO b 5.

Table 2.1-1 HFO-1123 and R1132(E)

HFO-1123 R1132(E)
CF,=CHF CHF=CHF
GWP <1 GWP<1
® &
09, OgPo
H) H

H O MRRGE, b2 5N TR X— 2L - T, 2L EDRFEDSFF B HNI S LT
2 FREELL B> 7 B AR RS DAL S T 5. ek O YRR GWP Witix B O fifsds LS5 2
EBRIMBLN TN D, AL E (-1 AR T, ISz L0, 7 o fbkFESCKRFE (B BNAERSND.
Fo, TNOOWMBEOGEITHAISE 2 D.

1 3
HFO-1123 : CF, = CHF — 5 CF; +— C+ HF AH = —250k] - mol™! (1-1)
R1132(E) : CHF = CHF - 2C + 2HF AH = —248 k] - mol™* (1-2)

KMARAE GWP WD A O ERUR TIE, —RICELT O 3 ERMNER L LTHEIT LN 5.
o B IRE  |IE - SRR TRISMERE L.



o BEBEHRL 1 HFO-1123 <2 RIIB2(E)HLES E W & RS GHE Lod 0.
o BATRAX—  USBHARIZIIINE NS D= F X —FANLE, =X X —ENRKEWIEE G
BRE LT 0.

Figure 2.1-1 (2, FFE 3 EHROMMEK (FX @) &, MRS TR ([FX(b)-(d) 27~ Figure2.1-1
OIUTFBNT, TR LICOMEREER L0 Lok (&E - @iRER) XA MO »MsEL, T
DOEBTIHEE L 2N L 2R LTS, ZORIMEREREFIISRMIZ L > TET 2. Figure2.1-1 (¢) Tl
AR 2 2 7R L CE Y, HFO-1123 X° R1132(E) DAY /N S & FUSMBIEEE A EEICKE), +70b b
FRMERE LICK K o5 2 2R L TW5D. F£72, Figure 2.1-1(dIFRATFNLF—DRKE SORBELE LT
BY, TRLX=PREWVNIERIGERERERD THRICBE), TR0bMMEELST R EE2KRLT
W5,

Composition

Smaller Composition of
T T HFO-1123/R1132(E)

Reaction
propagation

Smaller input

\ene<

Largérinput ™

T

Self-Decomp Reactions

No reaction
propagation

Pressure & Ignition ener;
Temperature source P P
(a) Factors causing self- (b) Effects of pressure (c) Effect of refrigerant (d) Effect of input

decomposition reactions and temperature” composition” energy”
*: Red line: reaction propagation boundary

Figure 2.1-1 Factors causing self-decomposition reactions

B O RS DR AEITILEITE « MIREMEDSUETH D720, WE A 7 A0 HnBEATRK L CRETE &
o T2 AE, BUST A AR RV E SNTWS. L, BEEL R VBELLEL L, i
WY A 7 NVNTRIG LIS E WD iR et ) 27 RSN T0 D, WY A 7 VI3 2 7ok e T
ENTWDR, ZOHTHEMENTOH OIS FSFREY A7 PEbmne ST, JEREEN
IITE— 2 —CHEMEELNNIR SN TER Y, R, WHEMRUE GWP WA HE SN TV D FEEH~
7 a7 STt O N O JEREK T — 2 — oA ARG L B THREISLTTW AL RIS S
PN FLEERA I CIEE NN EE - SRRV, S HICEXMRENIRE SN THREN A LESE, T
FENTH COMBOGRREE LGS, ek Y HFO-1123 X° R1132(E)D H C 0 R SIS E B B S D 1= 8,
BOSIZE O ES) - WERHINL, BEOLAEMSOMEEIEEN 5 ATREMN H 5 .

ZOX DI ERE %, REMFHMEZ V—7" (44 Gr.,, Group for Safety Evaluation. & /) YeAfF 28T
(BHHF), ASTHGIHRAEE KT, AGC, ¥ A F v T¥ED 4 EITHR) Ti%, RHRIE GWP Bl %
R - PEREREAN A FEhE L TV DL LA Gr.OMFSER IS HERS [X % Figure 2.1-2 1T7 7. ERWNEIILLTO
Wy ThD.

. H R SOSTHEH BN R E & =3 L X —3 Ml FIERJE « B OOMROSHERER E LT U A7 R
ENEENTWD, EMENTRET I XAX—EBLIOEOT XX —BOFMAEIT S .

o HOOMRBISFHIED BT  BUREE O FIEABAFE - $28 STV 2 IR RS BE D B 2o OG-
TIEA e, R L, FEUE(LE B2 - RHlEE2 R 5.

o MBLRERRKR VD IAZ : H O BREGHE DB D, ek, BRBENE, MERE & 8 A - I AR 4L 0 JA T,

o URZFHN : TV ARBEEREEN S AR E 2 C, EFEAREO A OIS 5%
MY R ZFHET 5.



o [EBSERE(L ML eV L A - BREESROEBRBUS IS, B COMBOSIZB b 5 %t 2Bk

o
ETD.
b4 ) h International
Q.0 P S
oo 4}: y) SJ.FPP.J‘ abichmentof F;Sg??rdlzatlon
) . . stablishment o
2., Screening of Candidate g o #® .
oo Refrigerant Composition t:'{ ‘3 Y, Evaluation Method ASHRAE 34 etc.

%’30;' of Safety Measures
Evaluation Method

Boundary Condition for Self- Conditions in

§,\/1_? Decomposition Reaction Accident Scenarios

Temperature and
[ ] Pressure in Accident
Scenarios

v

v

Factors / Energy
in Compressor

Comparison of
Evaluation Methods Risk Assessment

Evaluation in Compressor
-Factors Triggering Self-Decomposition Reactions
-Generated Energy

Figure 2.1-2 Overview of research and development items of Group for Safety Evaluation

FR OWFZERIREA D 5 H U A7 G OWTIE, AAMMZET L¥ES (ML ; X¥H JRAIA) LHCE
ST RO 904 2 Rk L 56 L TN b . Figure 2.1-3 I H C 0NG9S (K HSelf-Decomposition
Reaction Study Group”) DORHlX %777 NEDO FHEHE LV, %42 Gr.4 #B3 (FEHHF (X CRIEPD), AN
ARFHOR B (K SUS), AGC, # A % > 1% (M DAIKIN) ), PEEEANRAMIETT (KHh AIST),
NEDO, PL 23, HW T.L Y, B iR Y A 7 gt WG (X H1’Self-decomposition Reaction Risk Study Working
Group”) BLUOHFEBR/ENBML TND. RKEIRT L O, EEFOEEEC L0 BB FZRLSHETE S
TW5. 2B, BHTHOOMBKEE) A7 BEt WG OFEMBNEIZHOWTIE, KREMERIC ORI,

( K N ( 1
NEDO Project f \ JRAIA
NEDO
SPL N
_L ommissioned [ PL Participating
] Companies in
o for Elquipment Gr. for Safety Evaluation Self-decomposition
Component Self-Decomposition Reaction Risk Study
Technologies SUS CRIEPI ::) Reaction 7l Working Group
subcontracted ’ Stu d.‘ Grou P
Gr. for System
Perfi -
Evaluation AGC DAIKIN JRATA Secretariat
Gr. for Refrigerant
Property Evaluation \ AIST J
\_ J \\§ J

Figure 2.1-3 Self-decomposition Reaction Study Group

IO AZE LT, FEEAZETEFERICB T AR AR E— NS LB R LY — % B
CORBOSFAERR OT — 2 LT 52 LT, BOCOMRISOREY 27 ZHHEICFHmARE L 720, K
GWP @it 0 EZ ALk X OEBAEELIZ AT 2 B EEOWRIZE T 5 & &b, BIEORERSH/EEDT-
EBREOLEICHERT S, £, HOOMRISOBEN DL L HE SN D EEHRAEE S, £
EIRED U 2 7 FGEZ 8 U TG - R OB Z 2N RSN 5. AT, A NEDO FHEDM 2
N—T R O - FHEICE Y, etk BREEME, HERICEN BB VAT, MEREAHERT -
M BT DR EHES D RSN D, 2Bz kY, NRUBHERBIOFH Y RED BEERRS, WA —h
— « BEER A — I — I X D WA HFO (IO S LA HEE S D

3



2. HFO HEDBCHBRIEDRERDHE (BHPRHARAH)

2.1[FLCHIC

A Tk ~=7=3@ Y, HFO-1123 X° R1132(E) & V)5 7= R HEAUE GWP BT 71K GWP P4 A9 573,

B O OGS B0 5 BB DR E AT 5. ZORISHEMEN TIRAE L7256, BRI ES-L,
JEAEHE DM ZL e EOBEBRFHEZ B BN H Y, TR - EROEEL->TWD. £, ENREN
(k. GWP ) &Mt (KE OOt BETE) &[RRI, Wik L CTHWEBEOEN -1 7 v
PERE (BRIETERE) R B D.

2018-2022 4EEIZ KN 7567 NEDO 7= 7 b B b - (RIBENH % 2k T & 2 kit
- B ERZEFREIN K OFF i FiE ORISR ) (LLF, 177 r Y =2 b) IZ8WT, HFO ME0Z OREGH
BEZBT D H ORGSO RAESFENTAE SN TELR, ZORBRFEIR - S TE67, FHMhEIC X
> CHOORKISOFAEFR RN R D L) Z ERER I TWS (NEDO, 2023). WHARVIK GWP i
DOFEAL - BRI TH CORISIZED 2 B 2O EBIEEENEE CTH H P, TOOICITHRT
ERHIE 2 & ORHMINE DL TH 5.

ARE Tl B2 EVE SR O TCEIZ BT 72 B0 A HOWTHET 5. EBREEO L E OB Z /L,
H OO 2 B30 5 @ VE D IBINME S 10 72 FEAMEBI 56 R0, & D2 Y MERRGE D 72 912 i L 7= 3 BR AT
B HEGABR IO W Tk 5 .

2.2 AR R R ERRRE S TR EMREOR M

2.2.1 IS0 817 [Tk 5 A BEREMER

BUTHSIZ BT DM IEEO L AMESERRIE, 1SO Hik% TlE 1SO 817:2024 (Refrigerants — Designation and Safety
Classification) ([Z THE SN TS (IS0, 2024a). Z OBIKIE, BRBENE L TED 2 SOBLEN D, WD %
BMER T EDTND.

IRBEMEIZ DUNTIE, Table 2.2-1 129 X912, WX 1, 2L, 2, 3 D4 SORAIIHEIhD. 60C,
101.3kPa ([CBWTKRABIENE L2 WGE, Ymitids 7 X LIS D, —7, KREBEHEPED L
ND5EITIE, LFL (BBE TR, HOC (BAKEEY), HBL O BV (RKMBEHE) ([ZERSWTHEEIND.
LFL ZIRET 572 Ok 51E1E, ASTME681 (Standard Test Method for Concentration Limits of Flammability
of Chemicals (Vapors and Gases)) (ZHEINTEY, ZORMEBRTIE, TI7 A7 7 A aNOBEHIZEXINEL
FI/N3 % (ASTM International, 2015). JAKEH X, ISO/PAS 24499 (Method of test for burning velocity
measurement of A2L flammable gases) F7213% DOMOIEHETE 2 HIEICHE > TIRE S D . ISO/PAS 24499
TIE, BRBERHEZRIE T 2 HEE LT, $hiEd 7 REERBRESNLTWS (IS0, 2024b).

Table 2.2-1 Flammability classification

Class Flame propagation™® LFL** HOC*** BV max™***
Class 1 probagation No
Class 2L ﬂarIr;er;;lity Yes >35vol% 190(?(;1iJ-kg" and <10 cm*s!
Class 2 Flammable Yes > 3.5 vol% < 190(?(;1iJ'kg"
Class 3 ﬂagrif:;irhty Yes <35VOl% 0000 ke

*: tested in air at 60 °C and 101.3 kPa, **LFL: lower flammability limit,

*#*¥HOC: heat of combustion, ****BV ,: maximum burning velocity



FBHEICOWTIL, BT Table 2.2-2 12792 DDOR45y (ABLUB) IHHEIND. 7T A2 AlFEHEN
BN ExERL, Z7I9ABIEEEREWD EETRT.

Table 2.2-2 Toxicity classification
TCF *
of cardiac sensitization
and of anaesthetic or central nervous OEL**

Class Mortality TCF*
system
. and of other escape impairing and
permanent injury
and and
Class A > 2500 ppm > 10000 ppm > 150 ppm
or or
Class B <2500 ppm <10000 ppm <150 ppm

*TCF: toxic concentration factor, **OEL: occupational exposure limit

2014 FFIZET SN2 B TIE, #PEX531E OEL (Occupational Exposure Limit, FEIX < EFERR) |
MMM D ZZEEDUWNT U2, OEL 73 400 ppm LA E DI Class A I[Z43FH E 41, OEL 7% 400 ppm ﬂ%{?&ﬁ@
T Class B 2B ST e (IS0, 2014) . 2024 4EhiE CLL T OSGET 23 Thh 7.

e OEL (A< A EDREM

o MM BEMOPERRE L L GEIMEA

ZORER, —EHOBBOWTIEEMER SN RE Sz,

TeBm L 2MEOEBESF & L TiX, ASHRAE (American Society of Heating, Refrigerating and Air-
Conditioning Engineers, 7 A U WBEHEHHZETFR) 23517 L TV 5 ASHRAE Standard 34 - Designation and
Safety Classification of Refrigerants %)ff L, [RIUC<PRBENE 4 558k, B2 SR IV HBEEZX G LT D

(ASHRAE, 2024) . JABEMEIZBI L CIXIZIERARORBIEZ TR L TV D23, S ES AU T D2 R)3
bV, TOBREMEIZ OV TR Mﬂaﬂﬂ\é M2 B L TiE ASHRAE Tl OEL D% % WX 55 D
FETHDIN, 1SO & ERRICEMRIEIC LI DX E VAV REDFRNBED TN D,

LLED X 51T, WO RIESRITRBENE L BEIC X > TER SN, ZhHLOMATICED AISB2 &
WO TR G2 b5, BlL LT, R744 (CFER(EEGFR) (3 AL, R32 13 A2L, R290 (7'm/Sr) (3 A3,
R717 (7 E=7) IBLIZKpENTVD

2.2.2 REMDEMIBEDENM

Jeik D8 O WL D PRI & BAEICE SN T VWA D, BUTOSETIXE SIS D L 9 ek
EMECET 2ME I H b TV Ry, BEDBRISZ i Z LS 2 RIRUE GWP D B35 2 %1,
ISO/TC86/SC8 (Refrigerants and refrigeration lubricants) TiX 2024 4 6 HIZ TF3 (Refrigerant Stability
Classification : /BEZEMERER) 23, BAETETRESHI. Jck by, WELENHEZ 1S0817 2
FLAIATe 72 8 DUETEENBAAE Sh Tz,

ISO / TC86 SC8 TF 3

Refrigeration and Refrigerants and Refrigerant stability

air-conditioning refrigeration lubricants classification
—] SC 1 | MA |
— SC4 | TF1 |
— SC6 | WG5 |
—] SC7 | WG7 |
| AHG 1 | WG8 |

Figure 2.2-1 ISO/TC86 and TF3 (ISO/TC86 Website, 2026)



2026 4E 3 A BIfE, TF3 TiE, MR EMESEOMANIZINT CEICU TOEEFER #H RSN TN D.
o WMBEREMEROERE  BIRER TITIRO 3 KOBME S Tns.
> 7T A o —RIREERNC 5y I e
> 7T A B HIE SN L T TR ENE
» I TA y: ALETHERL LRS00
o BRI
o ABRSM
AL E RN T IIE, WEOZRMEERIL Ala, A2LBDO X HICRENDIZ LIThD.
ABIESOE D=8, RBRZLE L TFEON G 2% L, HET2LENH LS. RE LY, FHHFIED
BT 72 B0 LA Z DN Tk R B

2.3 HOSMBRIGFHEEDLE L BRRELICE TR YAH

2.3.1 #ELRQOFHIEDEE

Fiko X Sz, BOOMESIEEE - BESE T TAE LD, TORME S RAEOSMET CEBEIND.
Figure 2.3-1 (2, BE L7 B 0 SOG IS E O /ML L UMK 2 7R3, 50 MPa & TOENICIHZ 9 %
MO G Rs (NERE 314 cm?) WIZEBBEAIFFA SN TWD. 2 OEMED SLIIZIXEm A B0 £+
LZEMARETHY, OO EHREMMRT L LT, BICo R VX —2 52 oG L > T D, &
7o, KIERmOBFIZITE —Z —PEE I TEY, BEZ 150 CETLERIELZENTED. HAkE
DOWIEET) - WEICE Y, B OGO ERER EE2FHMIT 5. EM~OEEMINCIE, ZEMER (NF
Corporation, DP090S) # H\ 7=. EEHihlBRIE, FUMEE, ¥ X OHNERIZERN CREETHDH. K
IERERNOWBEDIE )8 L ONRE Y, £ Z T3 (Nagano Keiki, KJ16, F5E +£0.5%F.S.) 3 L ONREE
G (K BIEESE, K £135°C) #HWCHE L. £z, BB LOELX, Eifqt (Hioki, CT6876,
FEHE £0.04 % F.S.) B L OVEER (Keyence, NR-HV04, K5 +0.4V) & HWTHIE L7

®

Pressure Vessel
]
Gas exhaust port

Electrodes
Heater
Controller
]
M Power
Supply

(a) Appearance (b) Schematic diagram

Figure 2.3-1 Self-decomposition reaction evaluation apparatus

H OO MRS ERECICER U, ARBEE OIS, BE, Eh, BIOEKE B~z x L $—
BANE) Vo mBBRIEEZHETAILERDH D, ThHOHTYH, ISR KNERT ALV —%2 52 %
BHREIFICEETHS.

ZHVETIE, LTD X ) REHEOFIENRBRZ S, RIEARUK GWP MO FEAT 23 F2 ki & 41T & 72 (Higashi
5, 2026).

o AHRREEWTE

EAE 1 mm R O4 B E EMEICEE T 5. @EIC X0 SRR S, RENICESIC

6



ELCHENT S, ZoREE2E L Cniicox X =23t & (Otsuka 5, 2018a). AT X
X — BRI EBROBEIKGTT 5. 72720, ANEOKRIBIT4 IR OMEE L OV
ICHB END 72D, ERICHEMSZSNERAROREIINETHL EEXBND.

o AL (WEyEMm)

SR ED 2O ENT LRV NERY FTFEOEMEAT5. AL ke o L et
BRETEET DL, BEXBENCE > TRV IBBEHL, TORMRELECEZMNEY v 7T
TV ENEET D, AT RLX—EIX, BB X OWERRIC Lo THIflshD. 2o
E?i T B ERGICREIEDLENTED., —FHT, FATZIAX—EIIRL NOBE

ZHIRET D70, GBRRBHRNL NER LT 2 78 EOBEROEEELZ T LA RERHV, Ek
RV FX—HIENIANEE T H D L HE ST S (Otsuka B, 2018b).

o JUEE (REEM)

RO bW AREM (EEM) 2 REHoMICERGHLE CERMEELERT 5. @ETDH L,
BARE LN EKINIKE L, MUY v 7R ED, 2O TT — 7 EBERRBET S, A=V
F—&iE, \EiiEs LOEERMICE > THIE S5 (Zhang ©, 2023). _@jﬂf’f%T 7 JE
ERGIIFHEESHEDLZENTEDLD, MEISBATZTRAX =2 5720I121%, EMOMINL
TNV TH D .

o JUEIE (M) -

FHREMZ ST 5 K D ICEET D, 40 KV OEEEZBREEICEN L CiiamiE 24 © S
¥, AT UPICEIONEI RN —ET I HEE L TRET S, AIZ 3 A X —Eidar T
VY ORBRERICL>THIE SRS, ZOFETIEIANTIAT—BERGICHBECES. —J0, &
EIEDOFERE A MLETH Y, 3 MPa 2 X HJE ) ORI TRz 332 2 L XN T
»H5 (Goto ©, 2023).

e b—hAKv Mk

ZOFETIE, BEGICHTERRIEE L, ¥ 2 — AR L > CRFTMAREE 2T 5 (Goto b,
2023). BATFAX—EITHBHET 2L ERDHD.

IRHO X D ITEE DA KIEIC LY RIRAE GWP HHED B O MBEIGHERBR N EiE S TWnWa 2, F
EMCTRRBICERNELD ZEBRHLNE > TS, AT KX —EEONEE - 35 KkiE2 EOMAL
Wa B, 77 m Y e 7 b CEM IR 2 - KBS K DB OO MRORETHERE SR (NEDO,
2023) AHEPRLU7-. Figure2.3-2 12, HEGHERGIZ RS, F—mEE, F—F&ETHBREZIT-oTH, HKIEK
XV BOOMIGERGUENRREL B D 2 0, EEEELICHE L2 EKIEOR - LA EETH
5&515.



No major difference was observed Boundary pressure varied by the test method. At the same input

between Melting method and Discharge energy, self-decomposition reaction was most likely in discharge
method (Spiral electrode) method (Electrical breakdown).
< 1.5
& A A A
= [ \ [ A (i R
—
g o1 K
- go) o)
ot
& 0s
8 The results of melting method ES x UBP
B p
= were generally consistent é —RBP
=0 : : : ’ O LBP
1 | 2 3 | 4 5 | 6
Refrigerant HFO-1123 HFO-1123 R1132(E)
Method Melting Discharge Melting Discharge Melting Discharge
method method method method method method
(Spiral (Electrical (Electrical
electrode) breakdown) breakdown)
Temperature / °C 150
Input Energy /J 20 [ 2025 | | 30 | | 30

Figure 2.3-2 Comparison among different methods for self-decomposition reaction evaluation

*: UBP: Upper Bound Pressure, RBP: Reaction Boundary Pressure, LBP: Lower Bound Pressure

2.3.2 RETFE : s EINE
B ko, ZNE TS EIEREFENE RSN TE 2. FHiTFEL FEEEELT 2 BT, 2

FOBERREETHD LELLND.
o P AR YR LEN LA, BASEMEIMToLBETEH, LR
B

o fEENE  RBROGIESEET, EHLOTVWI L.
o AT —HIEME  MEICEZ SN T XL F—ENERRETHY, POMERARETHD Z
L.

B3OBEMICERT DL, BRBLOEEOHEEN O =R VF—BEXEHEREHNTE 5700, Wi~
THRNAF—MIEIIZT = HBEEAND ZENEE LY. LiL, 7orRZGidauwiektzga LT
D, BRCEESRLE T T, T2 MEBEEKT D Z EBNHRNICREECH DL EEXDNRD. T— 7 BN
REECIRD L, XX —EBEFHLTLES. Lo CEHEEELOZDIZIE, L FoBMnE
TEMME L 725,

s REMEEFHKT TOEE LICHENRFRETHD Z L.

IS DB EESE, MR FEINED, EEREELIC M e AR R TIETH D LK IAEhiz.
Figure 2.3-3 12, AFEORAIK Z 73T, MBRFIHOMEIIL TOLEY TH 5.
o Fomm ORI CTHRE L-EMRIC, @B GEIlE) ZRETS.
o BIRICEHET DL, Va—ARBCIVIRENEF L, RAEMICESICEL THEET 5. I
L VAR SN D BEAKD, 7T— 7 MBI EIRES 5.
o BBETTY -7 WMENEET D, TNICKYBBLZE OOMUSEZBRMG SE D = R LR kG &
ns.



Electrodes

] —
Arc discharge
generated

Temp. rise

and fuse

Figure 2.3-3 Fusing wire and discharge method.

Figure 2.3-4 |2, #ABRIEE (Figure 2.3-1) (ZEX{E L7EMZ R T . EAE 3 mm OHEM 2 A% K ICELE
L, EMWEF vy 7% Imm & LTS, ZOMICHEINR (B 0.1mm O=y 7 /#f) ZIXA7EMHT
L7z, ISR Z R L OB A2 A S5 ZOFIEIE, EN1839 (FHAMESD A L ORR DB
PRSI L OBRAMBEREOWE) <, TDG (EEfMEHRIEmEEIE) 72 & OEBEKICB W TR T
Wh. L, IMESNRETHL EEZONDIEET 0 VIRBEARHMEN R THDL 2 L, EREInb T x L

F—AKUENRFR2 D Z b, Wmiko B COMROSFHEIZ R L L 72 S HEEN O BUE 6 K OV 4 PERFAM 75 2022
Thb.

Gap between electrodes
(1mm)

— <

Fusing wire

Figure 2.3-4 Electrodes used in fusing wire and discharge method

2.4 WREHREIEICK DBAIRILE—DOKRE

Z T, R OMBRIAER R INEIC LV BB E 2 B ARAT RLF— DM & TR DWW THFT L
7= (Higashi &, 2025a).

2.4.1 H#REIRFRMIC L HMERED

HIARIR I R INGRBR I 35 1 2 B OBk T DI it B % Figure 2.4-1 (287, G@EMMAE, HIROBE I
"L, BB LRI — 7 E 75>§\r§$b7i 2.5ms 705 10.0ms (2207 T, EME R L OVEMm E T IRV
HDRFEDO HALZ. 12.5ms TiE, FIREEIC L0 BRASER S, 7— 27 XHI0 L7z,



Arc discharge

Electrode

0 ms (time when the glow started) 2.5 ms 5.0 ms

7.5 ms 10.0 ms 12.5 ms

Figure 2.4-1 Images of the fusing wire and discharge test

(N2, ambient temperature, 0.1 MPa, discharge distance: 2.5 mm)

Figure 2.4-2 12, IR OWEMI L OT — 7 kERIZ BT 2 BIREILEOELO—Fl %2~ . FEBREMIX
Figure 2.4-1 &L[R—TbH 2. BEITRIIROBERI E> TRAICER L, BRIk KL o7 £,
7 — 7 ER O BEITIEIE—EICHERF S, Figure 2.4-3 12, BB LOBEOELOEA K E2/RT. =
oD, KAILT, () BIERBERT 5 £ TO@EE (thaET) &, (i) 7— 7 HERE (tyET)
PO IS (Q24-1). FHMERRGEICG 2 b= x X —&Z2 TH L, KT 5720, LT T
FRFRICBIT 2BG L AR LF —EE T 5.

fusing of wire 4 . .
o, f V (i) Fusing: Ey
arc discharge
200 \ - - )
(i) Arc Discharge: E,,
< 150
~ 1/
2 100 e e iy 7 Vare
N 1%
50 n P
0 : 4
0 2 4 6 8 10 12 >
t/ ms lius larc
Figure 2.4-2 Change in voltage and current Figure 2.4-3 Schematic diagram of change in voltage

during fusing wire and discharge method

Eiotal = Efus + Earc (2.4-1)

2.4.2 BEE TORE
IR OBEWHIRREIZ I 28R, EE, BIOREOZE(\EZ TR 5720, FIAME O HEEIZ RS
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¥ Iab—yarzadEllz. @BOMA, KEEIERE, =21 —, ZOMOMMIL, PEESIN
WABFZERT (AIST) OEWMT —# X— 2 (AIST, 2018) FBLOEATHIZE (Ikeda, 1988) XV HfFL7-.
Figure 2.4-4 12, = 7 VOO —FlZ 3. BETRE, #tIAFBERIEBE LB THY, T
NHIBEOREE LTINS, =vrdx o U —EE (Tc=358°C) IZBW T L, KIZrRT X9z
WIPEER R E S ET 5.

100 1000
T. ~
80 | 4 800 %
£ v
. r -9 .
- - NPSIE o —
G o0 .D"... PURPRIPSIL 4 ORI S 600 ‘Tbl)
p o"".. .. -
S 40 PUR g 4 400
~N o -
< 0 Mr¢J 200
L B 2 1 “~ £
‘...--' Q
o
0 : : 0
0 500 1000 1500
T/°C

Figure 2.4-4 Physical properties of Nickel

FEARRIZ kﬁé@mkiomr@ﬁMi K(Q2.4-2)-(24-HZHNTFRILZ. 22T, A IZWrmEsE, L 1%
EX, T IZEE, Tk 21— VREREN, T I EEIRIC IRV DB, VO IXRIERICEIInE A&
F,pi%ﬁ,m,ﬁW%ﬁm$%%f.

d
pAL—h(T) = IV (2.4-2)
T
wn) = [ car (243)
To
__4 2.4-4
= oML @4-4)

Figure 2.4-5 (2, F&INBROERHBRRICIT 2 EH, BE, I ONEEZLOEBRFER L HAEMREZRT.
CZTCIHARIBRRICERT2720%IRE S L 154 mm EE<S L, 230V 2L, EBRESR L
DI X0, AFHEERENEBREE L OBBHICE S £ TORRZ BAICHRT L Z ERahkz. £
72, BRSO FA TR L F— 1, BB L OEEZRMEEST2 2 8120 RQ4e-5HMBHEH L. Ebk
fEIX 16.6), FHEMEIZ 153 720, WEITL —FH L.

11



40 40 4000
<
30 < 30 3000
~ __/ ~ 4_| / o
> A Al -~
2 20 N 2 20 Hf 4 | 2000
= r/ N g ~ <
10 g X0 ' v 1000
N ﬂ’/ \\ N ST
0 0 0
0 2 4 6 8 10 0 5 4 6 3 10
t/ ms t/ ms
(a) Experimental Result (b) Calculation Result
Figure 2.4-5 Results of wire fusing test
tfus
Eftys =f 1vdt (2.4-5)
0

Figure 2.4-6 |2, 725 HUEERE CGBIERE S) 1T 2K £ TOT R X — DR R 2R3, A
B, M4 ZHO TR Lo (X —2E£ T, O, RO KTE & s 55
BB, FEIRE ZEICEM ST A DICKNER T R LX— TR, ZOfEE, RIS ENT5 £
TOTZRVF—IHIRE SITHFI L, BREEICLER= VX —lcBBteh—% L. ZhbofER
I, FEIVRNENRTT 5 £ TICHE SN =R X =0, FIROWMEHER L O EaEfic nE 2T 3L F
—ZESWTTRAREETH D Z L ARL TS, 72721, BRENBRIZBIT 2BEXRMIBEAT R LY —1F, &
TRIMREOREZEIZHE SN TEY, ZOZFRAX =N listROBEIZA5E SN TS EIERS 20
ZLICHEBENMLETHD.

5
°
4
0.2
-3 ‘
s Energy required to completely
w2 melt the fusing wire
¢0.1
1 L
A P
A —
0
0 5 10

L/ mm

Figure 2.4-6 Relationship between energy input and discharge distance

2.4.3 77— REDF

AT Tk _72 K 51, MFRAERREINE TlX, FIBROBEWIZICT — 7 ENBET L. —Mkiz, 7—7
BIE (Vo) 1, BRSO AH - RRBICE W kE D, £, ARBRIEO X 2 IC2ELBRE AW Z5E
I, B L EUNR R EREEN CRESND. T MEICLVBASN S =R X— () 13R(Q24-
6)TEIN, ZD D HLEFI)EHMEFF(ty) FEREEICLVBRESND. T7hobL, 7—7BE (Var)
N DIUTTA T —BO PR - FIENATREL 72D, 22T, FxOFRMICBIT 57— BIEEH

Nz

tarC
Eyre = f Vireldt (2.4-6)
t

fus
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Figure 2.4-7 |2, WEHRE (L) 22L& W07 — 7 BIE 2~ R0 HCERREE, 7 — 27 &5
ZIEFLZ. R32 &Ny (BXOZER) ZHWT, 0.1 MPa & 0.7 MPa TRl 4 30 L7=. IR 0.1 mm
D=y Wiz, 7— 7 BEIXERFMFICEI D ZDEHT L5506 5. LT — 7 ZF8n%1
ToHMbEHENSND., 22T, 7T P EERMETH L GEITHY T 2 EER/NMEEZ T — 7 EEON
FEL LTHWE.

Figure 2.4-7 (28T, JERBEICR L7 — 7 SEEIEBAUIEM L7, SR8 20V THY, WTno%E
BRI B W T HIRIER —CTHh o7z, —J7, HEEIN, XD B R OFNKEL, FEEDREOIE EHEK
L7z, —Ric7 — 27 EBEE, BEEMmETERE T (Figure 2.4-6 F DV, o) &7 —7HEERT EOMTHRS
nas., ZoZkhrs, T—7EE V) FIRQANDTEVEREINDZ ENGND. 2121, &1 HEIT2Mm
PREEIERE T, 552 BT — 7 HEBIER T Th Y, MEHEHEHICHA T 2R LTS, Flla DE
X, TAOFEALREIKTET D 2 EBRERNS 50D

70 — R32,0.7MPa
A | |
60 - N2,0.7MPa E R32,0.1MPa

Arc column voltage

2’9/’ Air, 0.1MPa
10
Va0
0 25 5 7.5 10 12,5
L/ mm

Figure 2.4-7 Relationship between arc voltage and discharge distance

Varc = Varcta-L (2.4-7)

Figure 2.4-8 12, W ABEA LSV TIBEDOT — 7 B2/~ . BREICH AEE, fHtdhc7 — 27 BE%
ARLTWS. MEEHIET Imm THY, FBIBHIER 0. 1mm O=y 7F Ui Th b, BipHEE, £
TITo T ERAER %, WAFETEBR L2, TABENEGL 257 —7EEITEM L. £z, R32 ©
RN, REBREHFITE O TRERFEIIT NI NI R gho Tz,

60 60
[ ]
40 oL s— 40 o —s |
) ¥ m > i e—® |
> - f'/‘/" > e
£ " g /
~ 20 ~ 20 F°
0 0
0 20 40 60 80 0 10 20 30 40 50 60
Prs2 | kg-m3 Pra/ kg
030°C m65°C #105°C A 150°C ®30°C
(a) R32 (b)) N>

13



Figure 2.4-8 Relationship between gas density and arc voltage

U EDRRL D 7 =7 EEE (V) 13, RBBEGBELRET (Varc), HEREE (L), TAEE (pgs),
HAFENDRE DT A =42 (AV,B) ZHWT, XQ4-8)IZL v TR, HIEATfERZ LR hoT-. RABk
SAEOFEPHINTEH LN K /3T A—F OfEi% Table 2.4-1 (TR T. &DH (1988) 1%, WET VI HHET
TOT7 — 27 EEZMR, 77— 7 HEEER TIZRCERRET X E) OREBERICHAIT 2 L#EL TS, A4F
R CTHIREBEDMEM N R Hh, X(2.4-8)& Table 2.4-1 DA AWT, 7 — 7 BECHIBRIANT I INE TOEA
TRAF—O T - HIERATRETH D Z L3RS,

B
Varc = Vayc +AV - L+ (pgas) (2.4-8)

Table 2.4-1 Constants for prediction of arc voltage (L=1 mm)

Gas Vasc Av B
A% Ve=mm!*(kg*m?3)* -

R32 20 3.1 0.5

N» 20 3.5 0.5

Figure 2.4-9 (2, ZEHEME 2 2L S BTG O 2 77, EBRZMX, Ny, 0.1 MPa, =i, EiiHlR
fE189A THDH. =v /L (Ni) BEIOBEY 7T (Mo) IZDOWTHIR L7RER, 7— 27 MEN K I
DI KMEBERIZIZEZEN DY, TV 7T U TIE=y F VB E D bR WVIKERREE CHRENFTRETH -T2,
772 L, 77 BERORAT R Xk T 2B E DR EIIRD b h o T,

150

Mo

A

100

4

o A

E,./J

50 & ¢

L/ mm

Figure 2.4-9 Comparison of fusing wire material

INLORRELY, 7T—7BEBI AT RV —, KERBERS LT RABEIZESOTTHIPT§E
ThoHZeIREhiz. FZ, ﬁ&ﬁﬁﬁﬁﬁﬁ)iﬁmffékT 7 wES EAL, 2> TT — 27 ORLE
(bR, WMEOEMNPREEL /2D, LiznoT, ZOESENOIIMERBEIEVENREE L. Fiz,
%%%Komfm,%ﬁ%ﬁ<#é:k?%%ﬂ%%éhéizw%—%ﬁmﬁ%,%ﬁmﬁz%htm
FNAX—% LRSI T 2 Z EBFEEE D, 2L, EEORBRIEL U CUIMEEELEBE T HLE
Do, LLEEEEZ, /Ai@:@ﬁaf\ﬁqn}immﬂﬁ%aéﬁé: L7256, BCEREE 1 mm, RN 0.1 mm %
%@@*#kMMLt Table 2.4-2 |2, AFBRAE R E D 60 & pWr L7 B SE%, TDG £ L OVEN
1839 (2351 % B S @kWﬁTTT
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Table 2.4-2 Proposal conditions for self-decomposition reaction evaluation and comparison with existing standards
Method for self- TDG EN 1839

decomposition reaction

evaluation
Diameter of electrodes 3 mm - -
Distance between electrodes 1 mm 3-6 mm 4-6 mm
Material of fusing wire Ni Ni NiCr
Diameter of fusing wire 0.1 mm 0.12 mm 0.05-0.2 mm

244 PT—OBHEDALREHRICEHT IER

B OT — 7 #HNTEZRVFX =52 B AT H5E, BERICT — 7 HEOFEHBARLZEL R, T—
7 DRBENIBT 22 LT — 27 EMfE L2, 7— 9m*k*ﬁkwﬁm(7%7xfy%)ﬁ%
fEL720 LTCLEIHER DD, FOR, RQ24-8)D L ITHYT LR IVMERMEL Y ELS 25720, 7
— 7 BENEML, BATZRXAXT—RZLLTCLES. £ T, EBERICEY 7 — 27 KEOEB D]
TEX LM ERG L7 (D, 2025).

T — 7 B OB D ER L, [RIEROBBC L 5% CEH, 1972) &, BT D ERK
71 (a—=Vv ) Bbd. 2090 LEINTEMEN DT — 7 PR D FIICER T 5720, o
ZAMH ¢ 2 BRI 2 S L=, 2 Z Tl Figure 2.4-10(@)2~ 9 X 912, 7T—27 D& NEE A E 2D
B AER L, KFEEM (Figure 2.4-10(b)) & ik L7z,

(a) Vertical electrodes (b) Horizontal electrodes

Figure 2.4-10 Electrodes for evaluation of arc discharge stability

F@m247ﬁtﬁtﬁﬁéﬂﬁc,mz%ﬁwf%ﬁ% A SETHERBRALEBL-. 2Tl
EMEOEFEE LT, NQ24-DTERINDELE EFER (Vinerease) Zalli L7z,

Varc,a g Varc,min
Vincrease = —ene e (2.4-9)

Varc,min

72720, Varemint 27— 27 R OFEEIIME, VarcavglL7 — 7 BMETOEEFIETH 5. EE EARN
KEWVIZE, T—IPAREETHD L EmRT,

Figure 2.4-11 (C EBfER A R, APEEME el L, REEM CIIBE EAEIVNSL, RELET —7
BB SN2 Z ENGrhoTe. A%ABRITIEDOMSLICERL, 7 — 27 MEORNLEMNRE L o128
B, EROBZEZZD THRET 2.
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Figure 2.4-11 Comparison of voltage increase ratio by electrode structure

2.5 BAERFNALLEHIER

AT UL, MRRERIFEIME DR T A —2 LB 2 DA BRAT R L — L ORRER~N, Hifo
H O RSO REME & U Tl e St 2 VAT, R THE, & ORBRIEDZ B YEDRRGED 7= O L4 Gr.
o 3 RS (FE A (CRIEPD) , AGC, # 1 % > (DAIKIN)) T3 L 72, SR AT [#] LL#Z (Interlaboratory Comparison;
ILC) BRDFERIZHONWTIRARD . AR TIE, 3N FE—GEZ O TR — & T TERZITY, 55
AT BOSFRAE ) 2 beli U7z (Higashi &, 2025b).

2.5.1 HEBREE

Table 2.5-1 12, 3 #BICHWZREBREE OB, SUSEROTIEL L OWNHEE, & XKEMOINMZRT.
THRHF (F& CRIEPI) (22U T, Figure2.3-1 IZTR LB DO E AN, W OEEIZHBW T, Figure
2.3-3 B X O Figure 2.3-4 (/R LI HIARIART REINEZ VTS, B OHERLIHIZIZER RO BN D
HOD, FEAREGEIIOTH Y Figure 2.3-1 lIORIHER EFAETH 5.

Table 2.5-1 Experimental apparatus for interlaboratory comparison test

CRIEPI AGC DAIKIN

Overview

Size of pressure

vessel (Inner
@40 mm, 250 mm, 314 cm? @72 mm, 171.3 mm, 650 cm®  ¢82.5 mm, 95 mm, 500 cm?

diameter, height,

volume)

Ignition source
(Fusing wire
and discharge
method)
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2.5.2 HEREH

Table 2.5-2 |[ZRBRSA 2R3, MRGEL LT, R23 2 EORERGEOE GWP REGEERM TH 5
R1132a (CH=CF,) Z M\ 7= (Qin &, 2021). R1132a (%, HFO-1123 X° R1132(E) & [AkEIC = F L > Rl
ThV, BOSMRIENEL D Z &G I TS (Lisochkin ©, 2006). FRERIE X, FEAMEREHTERE %
FE UTZBEEMIEICEE S5 X 150°CE L, A= VX — (E) 1T 25TICHE LT, AR LF—13K(2.5-
DERAWT, B BEOHEZMMMEST 2 Z LI VR L, ERMT Imm & Uz, IR IS
FO0.1lmm D= r AR ZHEHA L. BF5LECOW T, Table2.5-2 IORTHRALELZZREL, Tz
ST WE RIS R B RS L7z

Table 2.5-2 Experimental Conditions

Parameter Value
Refrigerant R1132a
Initial temperature (7o) 150+ 5°C
Initial pressure (Po) (Varied)
Input energy (E) 25+5]
Gap between electrodes 1+0.1 mm
Fusing wire material Nickel
Fusing wire diameter 0.1 mm
t
E= f 1vdt (2.5-1)
0

2.5.3 RERFIR

FZARBR T, WA EA LR, ENRBEMAL THEDEERB I WVENICHE L., 0%, A%

PICERE LB KR Z AN TZ R A X =25 Lz, RUSIMEHE LTZ5AI12iE, ROSAEBRNORER IO

JERAMN EF Uiz, R—0IHIES (Py) 2BV TERK 3 BIERZ £ L, S5&0080 5 ]IMsE O A T

PLFO X S5 IHE LTz,

o SISEFEH Y TR 1 ELLEORBRICEBWNT, JEARUMIEND 30% % B2 T EA LSS, Y
BEME TOMEREDH D ) LHE LT

o SUSMEEER L TRTORBIZENTC, JEN EABHWMEID 30 %L T Tho o 5E, ¥iklhz X
IMERE7R L) EHE LT,

s ) EHE SRR RO O B, BIE S VWIS O /IME % )OS ERRIET) (Upper
Bound Pressure, UBP) &EF L7z, F7o, [IMefEe L) LHESNIHABERO S B, HIE S 7]
JETDYIEN K & 70 D 5% 6 FIRIET) (Lower Bound Pressure, LBP) & EZE L7, HEBRIIWIHIE
FHETAIERNEEMYIKLUEmK L. X512, UBP & LBP OYWMHEZ MISERET (Reaction Boundary
Pressure, RBP) L iEFK L7-.

2.5.4 HBRER

Figure 2.5-1 12, SUEAMBIE L7250 (WIMIET) : 1.56 MPa) ([Z81F %, BAIROERE L OEEOE/L
(Figure 2.5-1 (a)), BB L OISEZRANOMRETF1251E (Figure 2.5-1 (b)) %757 Figure2.5-1(a)& Y, FEi
XEROFREM (K 160A) FHIETIRE B SN2 &R0 5b. 7— 7 EIEX, WiEowts X
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ORI DE ] < IREERIMFIZ L o> TIRE S, AERMETIIR S0V Tholo, AT —IE, HEFREH
RS HZ L2k 25 JITHIE L7=. Figure 2.5-1 DI RENHEY, JEJIFHKK 224 MPa £ TLEF L
7ot FRMIIRT L7, BT 400°CETER Lic. BARIENEME ED (JEHE) 13144 T
HY, 13 % LR/ Z &b, REMFT TRISM=REH Y | LHES .

[
199
(=]

[

S L o= o »

%)
=3
S
~
%3
S
S

f\

/ u 400 g
. —

r
w
8

—_ =
S W
=R

<

Voltage / V
Current / A

Pressure / MPa

f=

w
(=]

=
=]

33

=3

=
Temperature

\
i
A
0 1 2 3 4 5
time / ms

(=]

(=
(=]
(=]

20 30 40
time / s

(a) Change in voltage and current (b) Change in pressure and temperature

Figure 2.5-1 Results under “reaction propagation” condition (Py = 1.56MPa)

Figure 2.5-2 12, ISDMERE L722hro 7o 50 (ML) © 1.41 MPa) 123617 5, A AJROENES L OVEE
D74t (Figure 2.5-2 (a)), 3 X OICE RN OIREFE /12t (Figure 2.5-2 (b)) %7~ . Figure2.5-2 (b)IZR
L7zi@ b, JE) EREFRBHIZIE—ETHRE L, JEHIT1.00 THhoTlz., LN~ T, AREMFIT TG
=i L) LHES .

250

25 . 500
I ] ! 9]
><\Czoo \I\ £ 2 ™ P 400 <
32 150 T Zs 300 &
E I \ g g
£ £ 100 CO 200 &
S 5 , V \ 2 2
O 50 fif L £0s ' 100 §
v 1 & T> e

0 0

=3
()
[
N
w
(=
—_
(=]
(=]

20 30 40

time / ms time / s

(a) Change in voltage and current

(b) Change in pressure and temperature

Figure 2.5-2 Results under “no reaction propagation” condition (Po = 1.41MPa)

Figure 2.5-3 {2, TBHMFCHUSG L7HE T — 2 (S < RBREE 2 Rmd. BRI A 31—, fitdhix
MMENZFRT. O TRISMERER L) &2, <AL NMEHEH Y | FFZ2RLTW5 . RBRIZE T
AT IV =D KL L OR/MEIR, ThEi272]B8K00222) Thoe. Zabidnihng,
HAZHIPH CTd 5 25 = 5 ] OHPANICTINE > TRV, HFEERIVEIC LY SOWEBE TR A L —%
FECTE 2 Z ENEREINTZ. ZNHORRICESE, MSERENILLTO X 5 IhE L.

e UG FFRET LBP = 1.41 MPa

o ik EFRET) UBP = 1.56 MPa

o BUGEESET) RBP = 1.48 MPa.

Figure 2.5-4 |2, 3B CTHONIEROLEE RT. IO, K EFREJ) UBP, KOG FIRE
77 LBP, B LORUGERIET) RBP Z75 L, UBP 35 X O LBP IZIHEFHREEICFE S < JIEARHED & % fFT
L7z, 3B TH 72 RBP X, THCH 1.48 MPa, 1.28 MPa, XN 1.37 MPa TH 0, FHfEIL 1.38
MPa CThH-o7z. F£72, UBP & LBP DIEZEETH L, WTNOEORER S FMHEIZT LTS %N
WWE o7z, ZHD ORI, Af TR LR L ORBRE2, B 2R BHEEMIcBVW L — &
LR E25 252 2R LTS,
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25 < > 2.5
5 2
1.48MPa 1.37MP
g5 - X R 1.28MPa g : Avg. of RBP
s © RBP=1.48MPa S - 5 +5%
51 °\~ 1
X Propagated X UBP
0.5 O Not Propagated 05 - rsp
i O LBP
0 0
15 20 EZ/SJ 30 33 CRIEPI AGC  DAIKIN
Figure 2.5-3 Experimental results Figure 2.5-4 Comparison of results obtained by three
(obtained by CRIEPI) organizations

*. UBP: Upper Bound Pressure, RBP: Reaction Boundary

Pressure, LBP: Lower Bound Pressure

INHORELY, MEERR AR EEO B CaMBISRHE L LTRYTHD Z Lavraniz. =
NoDOFERZ S - T, 10817 USE OB, WRBRTFIE, BERBRRT R ELEETTH L. )7, &A
TARLF—EOBRARER], BREEAMRE, ZNETORFOFTHEL ENLTWVRVIERICOWT b B
TR\ B B A DAREER DD, TN DT A= KA T D, EEEEImT TR Z T 2
RHETH 5.

26 F&H

AR D B O R BUSFHIIZ DUV T, 1SO 817 DHERE & R A T FiE LT TH 5. flix
DHFKEOLEZEE X, FEEEE L g 2 FEME - SEEo&mORHEFE L LT, MstEkiilis
ZRFEL, FHANTA—FPRATRNVX—ICHZ D825 LT, SBRETH FlGAR 2 F2f L, ARF
MEDZ A MEZFHE L7z, 2400 ORGEHRER A B E 2, 1SO 817 BUUUE O, RBRTFIE, FEBR ST
REEREDTTH L. H%IT, BAFE Uil FiE2 AV TRIUE GWP LD B 3 fRIOE - 2 VRt
&, B & L CHEE B DN D MBS O Y IAZ, FEEMRF 2 E L7 B SO USICED 5 Y
27 Gl & S HFE T L. A COBRICEELL Y X 7 Gl 2@ U T, RHRUE GWP it a4
(A C & DBRBEEMCHE MR ICE T 5 0 A &k 4 5.

(&% 3Rk
Gk, HUNTL, PRRRFE], RIFDER, 2025, W E OO BRI 10 7o MRS TR A IC K D AT L —
BOFM, 2025 4REE A A RZZ R F R RS SCEE, B122.
ENZATZER T AT = L& — - PEZEIRAITI A BAJEEME, 2023, HFO D A LS e BRI & &
AR, IR, 1988, mIEANY U ATREKPICET DT — 7 ORFEICOWT, BWHEERTCE, 6(1), pp. 86-91.
S, 1972, REQHMRG T — 2 OIFIN L 5 BRI, EXTFEimIGHE.A, 92(12), pp. 568-575.
ANSI/ASHRAE Standard 34-2024 Designation and Safety Classification of Refrigerants
ASTM E681:2015 Standard Test Method for Concentration Limits of Flammability of Chemicals (Vapors and Gases)

Goto T, Usui T, Yoshimura T, Yamada Y, 2024, Study of decomposition of R-1132(E) as ultra-low GWP refrigerants, International
Journal of Refrigeration, 163, pp. 71-77.

EN 1839:2017, Determination of the explosion limits and the limiting oxygen concentration (LOC) for flammable gases and vapours

Higashi T, Ito M, Hashimoto K, Kotari M, 2025, Development of evaluation method of self-decomposition reactions of next-
generation refrigerants 1st report: development of ignition method, 7th IIR Conference on Thermophysical Properties and Transfer
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3. HE A B RGHMFEDRFER U HF0-1123 BEHEDHR (AGC)

3.1 WREROEREBM

3.1.1 BE/RBRRIGFHEFEDOERFRELLDOHEHEE

AR IR IR ZE TR O 53 B CIIMERERE (b 2 & D EREME~OFELA®mE L%, BREAR G A4 L <2V,
XV BREEICE LWVIRIMSAE~DOIIEENE > TV 5. HIBRKERELAZB <2ois, BEBESRN K E
VN HFC (Hydrofluorocarbon) ¢t & IRMZ(LZhEA3 /N vy HFO (Hydrofluoroolefin) 43 i< H SR & i~ D s
REL SN TWVDN, ENEIVREEN, TN BN AR EEOHEEZB L TS,

HFO WD 5 6, WHtRmiE & UCiEH 245 T % HFO-1123 & R1132 (E) Ol AUIL R & RFEM
O _HEEGEROTYD, (LEMICARELETH S, Figure 3.1-1 (a), IR INTWND LI, ZDOX 7
BIXFERAEESNIZERIS, BEEMREEN CTRESNEE 5 L, WA EREEOIRIEIZA D, RIRHZ 5@ i
WM D =RV F—RRASIND & BIZIEV A v—a— ), BOOMKISNIEEL, —EDOFME (R
B, JES, BATZRAX—) i ORSITESEICEEICEIET S.

Propagation boundary for
Substance with self-decomposition
self—decomposition Ignition energy X Dangerous region
O O
5 X
172
High pressure § o) =
a
O %
Possible region from N
fault scenarios 0
A High temperature Safe region
Temperature
(a) Short circuit occurring in (b) Conditions required for self- (c) Region where risk assessment is
an actual refrigerant decomposition propagation. required.

compressor.

Figure 3.1-1 Risk assessment of self-decomposition propagation

H O SS 3 7 Bl Tix 72 <, TFE (Tetrafluoroethylene, CF,=CF,), HFO-1123 (Trifluoroethylene,
CF,=CHF) & R1132E (Trans-1,2-difluoroethylene, trans-CHF=CHF) 5| & 24 Z &3 mMbNTEBY, Zh
O OME DB O REONEA3.3-1 2005 3331 SN 5. ERLO SIS DFEEO N CTEHT 5 &,
NEAEIREEIZRY, FEANERD VAR5, UL EOBBRIZEY, 20k 5 i % F-> HFO Mk
ZRHAREBEE L L TELRTDIZIEY AT TEARA L "&{TH 2 & TCREMEZMRT IVNERDD.

CF,=CF,; — CF4 + C(s) AHg =—257 kJ/mol (3.3-1)
CF,=CHF — 0.5 CF4+ 1.5 C+HF  AHg =—250 kJ/mol (3.3-2)
CHF=CHF — 2C(s) + 2HF AHR = —248 kJ/mol (3.3-3)

Figure 3.1-1 ()IZ/R SN TV D L 9 ITHE 2N AE L BRI IO M I EREHEN T D i IRE L £ O
& HOOREUSMaRET D8P4 I L, HAR DM H 558138 COMKOSIC L2 2783 H b,
REMZWHRT DOV AT T EAA L FEATHIMERDHSH. U A7 7L FTA (Fault Tree Analysis)
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X DRAEMREAFELELET 52 L TITbND. LLRRS, BOSMBRISHMERET 2 &2 A
TLHHECHONT, FHETFEN S SN TR LT, 54 - AR T /e 5 RBRIEE OB 7 TEIC
LV, BRLMRPEONDL ZENBEIND. TOD, REMAWEL LTELT 5 BRI iﬂ/“( ﬁ
MFEDEEHREEII AR TH D, DIz, KRHFFETIE A COoMRIS ORI 150 EFME YIS
RIQFHIFIE D 2 M 2 SR 2 R 72 7 — 2 OBUFICER Y MA 72,

3.1.2 EFEELICEIT B NERAROEEY

AiTEC HFO M D% K IAZxt 9 % B O RGO R F1E O BB (L O EEME 2 7R U, AHCIEEHnF
ED S BEKEOEBEMEIZOWTHIT 2. FHEFETREREE, EFXE RKBRFIE & T EE TR S
NWON, BKENR—FEI VT 4 NV THD. ZHETIEA OIS DORAT 0t R 2T 572012
HIFREAWTE, b— P ARy MEEBEIEO L O ik A KIEICL D =X X =2 AL, MRHIHIZG
RS ETL. IO OEKETRR DB E A OIS OFFRER & U THEE L THB S, Mk
BB IR I EREEN O = F A VA EIRIC K VEN T2 7 e 22888 L, t— ARy METH &R

MBS N B OBET 25 L, BEEBTI= T ANVBEHTEZ S VA vY—3 a— MNBIRA L T
Sh, TNEIEE L CWDHBGIIRLS. VA THAA L NTE, EiORRLIFERKEDI S, BE
MR L fERMEEZBRE LI —F ) A7 DEWIERERZ B U7 FETRHE L2 & T 722, FkiED
ENANEEITZ L FHBLL COWOBEN R 5700, Bl B OISO IEHENI G LN D Z LRSS
, ELSVRIZTERARAL NEITH Z ERMHER. FHEFEEEROS L, MEBHRTHLLA Y—
a— MZX DB OIS OEREY A7 BN—F @\, KEEORBICE Lz, Z48 Gr.N TILANR
RO R N FERE Tl & 5jﬁﬂ3£ﬁ%@jﬁ( 5N = NZOWTIREZIT> TWD . AU CITEg 72 U
AT RARAL NEAT D T OISR AR IR AN B BB K F O SN - B TR 2V © 2 iES S0
REME 2 1R C & 2 BCEBIE OB I HL D ML T2,

FeATHFE (Goto et al., 2024; Otsuka et al., 2018a; Otsuka et al., 2018b; Zhang et al., 2023) TiI=— K/ EM%
U7 Mi il lc L 2 ik L R 2 AT D EMA T 2 MEENHE SN TWD 2, RiFIE Sy v
= OIEANC XV SERMETOMALAF T, BEIHECRLF—OBINL HOROMERH L. £
7o FRROBMEEIZ VA v—a— MG EZ LHEE L TWA R, EBEERELS LTRD b5 B #EE
RFHRMEETH 2 LTV, L4 Gr. TIEEY O LM 2 i3 % 72 O EEERE TDG (Transport of
dangerous goods) % F&1Z, FERETOFRLER Th 2 HEBLLOF B & 3RO MM 2 [RRFICH 72 L7 fg
VAW LS B % S 47z (Higashietal., 2025). = O35 Kk % EBAEREL T D 121255 KIED 24 PE ORI
725 BN R T — 2 ORS 24TV, ETRHIFE R OB AL MR T 572 DIZL 2 GO =R (B
FRBFFERT, AGC, #A ¥ 1T.3%) T RI1132a (Vinylidene Fluoride) ZFEHEME & U 7= 5B i )t e ik 4
1T-o7-.
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(a) Forced discharge test on a (b) AC discharge with contact-separation (c) Pt wire fusing method.

real-scale compressor. electrodes.

Figure 3.2-1 Ignition methods used in previous AGC studies.

AGC OHATHFZE (Okamoto et al., 2024) Tid, Figure 3.2-1 II/RENTWDH L DI, BEENELS, &
HIZAEH 4L T 2 PEIARAWTE & MBI 2 8T 5 72 O ITBAFE S AVT2 2SI TR & 2 i i e i i 2
fEH U 72 280 iUEBIE TRl 24T » TV 5. RURHCEIE T O BRAAALE, MEFERFH & AR E D
72, MATF X —BOFEBRMEMEL, Figure 3.2-1 lIRENTVND L) R X —BEH#ET 5 2 &
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Figure 3.2-2 Experimental results by AC discharge method with contact-separation electrodes under different

conditions

Figure 3.2-2 (DI R SN TV D RITHEDOBIRELEE N O T — 7 MEIX—EDELEERU LIZ2 67
WEEZLRWZ ERBE I, RRERE D ERERICEVEX 52 LT, EE - BIROKTIZLD
T—7 OMBEEE, LRORZEERBENR S NN, £127 — 7 ERORIROFEENEZ > T D.
VR a BT HEMEMER LGAE 07 — 7 OA&KIBRRIT Figure 3.2-3 IZRENTVWDLEIIZLLTOAT v
FEN 3T D ENTED
O FBEPHMEND &, BMRITY = — AR TINEA SIS,

@ BEFPIBHEN, @RAKLEREIND.

@ EREOE - FFRIC T 7 AP ERIND.
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When voltage is applied, metal evaporates Arc is generated
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Figure 3.2-3 Mechanism of contact-separation electrodes.
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Figure 3.2-4 Low reproducibility of discharge energy.
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Figure 3.2-5 Typical current and voltage waveforms for DC and AC discharges.
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Figure 3.2-6 Discharge energy quantification at 3.0 MPa R32 under different current limiters.
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Figure 3.3-1 Electrodes for fusing wire and discharge method.
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Figure 3.3-2 Schematic of experimental apparatus.
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Figure 3.3-3 Relationship between initial arc voltage and discharge distance.
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Figure 3.3-7 Influence of different metal species on initial arc voltage.
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Figure 3.3-8 Influence of environmental gas type and pressure on initial arc voltage.
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Figure 3.3-9 Comparison of arc discharge in N> and R32 environments.
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Figure 3.4-1 Pressure boundary for R1132a obtained using the fusing wire and discharge method with a discharge
energy of 25+ 5 J.
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Figure 3.4-2 Electrode structures used in this study.
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(c) DC discharge method with contact separation

electrodes.
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Figure 3.4-3 Propagation boundaries for ignition methods using different electrode structures.
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Figure 3.4-4 Temperature dependency of propagation boundary for the fusing wire and discharge method.
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Figure 3.5-1 Experimental results varying HFO-1123 concentration and discharge energy.
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BRBPHROEENZHRTTT 5. FLECRBIED A T =X A %ﬁﬁﬁﬂﬁ—
HEIND Y AT ZRGE L, BEaxR O EE OBEOH Wik 2 #t4

LfE’r SEDH. 0%, BEMBROWERE - ANV, BETHRHH D VIXENE %)%U_ﬂ , A
BTFY v FRREE 2, KEBETOMEZREZ§Z L REL /2% . Table 4.1-1 ;%%%@ﬂ#‘ﬁ%;_
2: ERHEREE LD D.
Table 4.1-1 Characteristics of discharge devices
Dielectric breakdown method Fusing wire and discharge method
Contents . . .
(conventional equipment) (new device)
Ni electrodes i
Electrode (¢25 mm) [ KN; ;Izeiinr:j’de
structure X
Gap Solder —» sz
(0.1~0.5mm) Ni wire

- Accelerate the electrons between the

electrodes by applying a high voltage.

- Apply a voltage across the electrodes to

melt and break the thin metal wire.

. - Cause dielectric breakdown and ionize the - Thermionic electrons are emitted from the
Discharge fri lecul I 1 during fuse break
mechaniem refrigerant molecules. molten metal during fuse breakage.
- Current flows through the electron-rich - Current flows through the electron-rich
region between the electrodes, producing a region between the electrodes, producing a
discharge. discharge.
Input voltage DC: ~ 2000 V (capacitor) DC: ~230V
Discharge energy ~25017J ~100]J
Testable pressure 3 MPa ~ 6 MPa
level
- High reproducibility of discharge energy. - High reproducibility of discharge energy.
Features - Use fixed electrodes. - Use fixed electrodes.

- A power supply capable of generating high

voltage is required.

- Lower device cost and easier electrode

adjustment.
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NeRET D, ElW AL v FICL Y RERFR A HIET 25 2 & ’Cﬁ&%i?\/bﬂ?—méﬂﬂfﬁziﬁﬁfﬁb& 5.
B AEREOWIE & Figure 4.1-1 ([RT. EREN S, PN BIEMNREE LIRWE, 7— 7 &Il
BLTWDZ L a2HERLE.
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Figure 4.1-1 Discharge waveform of the fusing wire and discharge method
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Table 4.1-2 Device parameters

No. Contents Observation points
Material Dl(fiferences in melting point, boiling point,
o Metal and work function
wire Wire Changes in behavior up to fuse melting /
diameter breakage
® Gas temperature and Cooling of the arc column (ionization state)
pressure
v Maintenance of thermionic electron emission
oltage . TR
in the arc column (ionization state)
@ Electrode gap Cooling of the arc column

(a) HHER

Figure 4.1-2 [l « BB - AEFBEL L WD 3 OB D, RKEERL 7oy LKL RT. &
FiZi% Cu B2 L, Air, R32 FRMHK T TENLMGEL/Z. BEIZ 60V Thii— L7z, Air FHKT
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1%, R32 REFICHAET HH EN, ERICMHETHRELT, T—27EREHELZEEZOND. £
O, HIREIZOWTHEMIT L7223, e RCEEHCE VTR DR otz REERNS, B OIS
PRV T, MIEOREIT NI N EEZZHND.
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Figure 4.1-2 Relationship between the melting point / boiling point / work function and maximum discharge

distance
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B 43 fif B 0 7Rk 5 1 1% [E] 8 fE [ 42 i 1% %) 25 (United Nations Recommendations on the Transport of
Dangerous Goods(TDG)))IZ 51T 5 AIBAME I A D22 EMERBR k& N — A LTl FiE2 SR L. 3Bigk
% Table 4.1-3 |ZR T (RAWBELZ OV TIX, WCF(Worst Case Formulation)#i i T3 ). = ORERGME% b
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(24 CYERR L 7 ik BR3E & O 2R % & Figure 4.1-6 [Z 9. A 3 a L—X Z W Tt E A #R 2 E &
.EL OISR BB ARG T D, WA T 2BOREE )L LT, =7 3 TRINIC
@ménfwémfﬁﬁwa@Lmﬁ®@&%lm%%zé&6ﬂ:4Mh@ﬁf%éﬁ%$&%ﬁ%

BEREOERBTRELEETRETHS. FEOHWEE— NICB T DIREENCER TE RNz
ﬁkﬂ BEL LT, T—¥—IlEHINTWDRARA ORRIRE 2B E 2 T 150°CE3HE L. kK

Fﬁi,r%%®mfmd%%izfﬁ%@ﬁrﬁ@lsP RIE LTz, 65°CLL RT3\ CHE FURE
c:%a‘@%&i@ IZDWTIE, ZORRIED 1.5 fFL&E L. Ea%ﬁ@%—féﬁﬁcj, JESIDSHIAE D) D
13{ﬁui 2720l b D& A LS ﬁ@ﬁk#IETé%ODE U7z, ARRBRAIE, 2.2 SilCiEdomby, 150817 @

EMEDHX Iy OFM AL L L Gz D TN D,

Table 4.1-3 Test Conditions

Parameter Value
Gap 1.0+£0.1 mm
Electrodes Wire material Ni A B,
Wire diameter ® 0.12 mm L pDC
gqower
Shape Cylindrical PR ¥ § &
Vessel Volume >0.25L Gas q P[‘?S’Sl”e sensor .-
Diameter 50+10 mm —— = /Tt |
eliel valve |1 '
Source AC/DC 'L ,ﬁlmocoup .
Ignition Time max. 10 ms \; : ;;‘:"de
Energy 2545 J (or 10£2 J) Resistant vessel Soldor—s
Composition WCF Ni i
| wire
¢0.12mm, d=1.0 mm)
Refrigerant Pressure S:t(lirztfg f))r ?\j{sfl:e
— Figure 4.1-6 Device configuration
Temperature 150 °C
4.1. 4 HAERFTMILLEL (Inter Laboratory Comparison :ILC) FHER
ms@mﬁﬁ@ﬁﬁ%#mf,mmm%mwf,ﬁ%ﬁﬁkﬁ%imbt ekl C ORISR % Figure
4.1-7 127”97, R1132a TiE 1.3~1.5 MPa fHUTiZ B O MRISEER 2 9 5 = & 208 Uiz, sBRpTF i T

1% 2.5 HilZFL#k O VY, Upper Bound Pressure (UBP) & Lower Bound Pressure (LBP)DIRA B ET 5 &, W
ALOBERE DFER & BB R LTS %LANIZINE > TH Y, BARLHRBEHEAMICEWTH—E L/ RE

x5 Z PRSI,
2.5 O Not Propagated
P ted
5 % x Propagate
o X
=15 B
et (o] o]
2 1
3 8
a
0.5
0
20 22 24 26 28 30
Energy [J]

Figure 4.1-7 Evaluation of the boundary conditions for R1132a
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4.1.5 BEHREKFEHEOFE

HEFE T Z M TN T A —Z 2R T 57280, RBRRBR EOPE % T L 7. Figure 4.1-8 |2,
ILC FRER DM & R DS T, B2 D RGBS cc, 100 cc, 500 cc) Tk LZBRORBRER 2/~
AR U723 S CRERICERITIAGNT, ZOMEIVEFHRONTEROFESEZ L, NEEZD ET5HL,
L(& S)/DNE)D 1.2 OFEZETIL, AR L B OIS ORI Z 25 ENTRFEEIE R <, Hh
D 38 ce LA EHAUE, 1FFEFR UFERIZZRD Z & 6N Tz.

25
O Not Propagated
2 x Propagated *®
w X .
= x
E- 1.5 b 4 ]
m - E
‘5 i °
2 1 0 o
£ 8]
o o/
0.5
0
0 100 200 300 400 500 600

Volume [cc]

Figure 4.1-8 Evaluation of vessel-volume dependence for R1132a
4.2 R1132(E) /R1234yf BEABEDBCHBRIEDEBEFHICE T HERO AL

4.2.1 R1132(E) /R1234yf BERERICH TS HEHBERIGER

BURBIEREE STV D RIBENRAHEED 95, it RIBAE)DEENFE RAT4B X151, 4.1.3
I FLdl OER A T B o fRafAlh 2 580 L 72, IHHAE, R474B @ WCF #lEk Td % R1132(E)/R1234yf
=33.5/66.5 mass% CIMi L7=. REREA: % Table 4.2-1 1R T. MBREHE n=3 TEBLZL 5, WFhb
HOEWMEOGSIR Z S0 2 & 2B L=, iBR 5 O N IREE NI % Figure4.2-1 (21”7, 7—7 Ik
WAL R 0.1 MPa BEDEN EAN RSN, ZOEN EFIZT — 27 BB TOR ORI X
LHH0EBEZLND. 1212, BEEFIIEAbninoT.

AFERN D, BUR 1SO817 IZIRE L TV D L EMERBR LTI, R474B 1T o KA (— A9 722 I+ 270
LEMERDLEEZOND. 72 RATAA b, RIB2E)EENMEW =, RIXKSOHWNBNEEEIND. 5%
R4T9A b [ARICRET Z LT <. FE 72 ILC ABRAE R ILE N T A — F ORI 5, FHE G IEORS
PR TE, 1SO DX AV 7 —ANTHEDPEFOLNERICIE, £ OFETED TR e Ln By
BEtET .

Table 4.2-1 Test Conditions

Pressure[MPaG]

Parameter Value _ 46 ——Temperature'C] 400 —_
Source DC 200 V Q@45 ] 350 @
Ignition Time <5 ms % 4.4 300 @
Energy Apx.25] o 43 250 ..E
Composition R1132(E)/R1234yf ::,; 42 200 5
Refrigerant =33.5/66.5 mass% @ : g—
Pressure 4.4 MPa- A i 41 150 &

Temperature 150°C 4 ‘ ‘ ‘ 100

0 1 2 3 4 5

Figure 4.2-1 Pressure and temperature waveforms
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4.2.2 HMBHIEEEDLE

R1132(E)/R1234yf IR A WIS BT 5 RBR T IEOE N X 5 B O s OB 2 s L. RS,
A1 HEICFHEOEMETHY, BHAL LTUENEZTETHREL, FETREL) D=V F—%2MEL T
10J £ LTW5. OO EOHIEDHEIZOWT BRI, ENBPIEND 13 FU ELioiob o
A O RAR &HE Lz, MERBEEIEORERZRE, BRREEOM R Fa ooRT. 4l EEHHE
ZHERRT 572912 R1132(E)/R1234yf =70/30 mass% CLUGRR A Lo & 25, FRIT BT 52 LR T
2. AL, MBS D EEIHE CRBUSABINL, BEERHEN IE T B OO MRS~ B % i
AL TnL.

3 O X
2 Mot Propagated
25 o = Propagated
_ - Breakdown discharge (previous)
& 2 - fusing wire and discharge (new)
=
[H]
§ 1.5 o
¢
a1 %«
©
0.5 X
o]
0
30 40 50 60 70 80 90 100

R-1132(E) ratio [mass%]

Figure 4.2-2 Comparison between the fusing wire and discharge and dielectric breakdown methods

4.3 BCHBRIEDAH =X LHEH

HODMREIED AT = AL EEBETHIZHTED, B2 ) HIEHEBEL T HIZERIZEAERE L <
BT DGR T2 FEEZID Z Ll L. IGREALE TRGET D ICH 7> T, HLHE LA
71 77 A Gaussian 16W ZfH L, #EICL D=k —HBZHEH L CEBAREMEO BIEL MEE L 7.
i AL RGE LT2AE R, Q7 vAad L7 0 v o Rad L, s kT 288K EQ 7 v A4
V7 o BT EIREE & e 0 G A PR T AR O “FHENA = R LR LR ZD 9 HRREET
&% EHEE LT-(Figure 4.3-1). 41%, ZN 6 OEHZ ERER LR LADYE, BAWOH 50— b 23&E
LAN=RLDERZHED D .

43



/

T_,CW

A A A
CH,F, + C(solid)

= = 4

Energy @Carbon solidification
Relaxation to the ground state

Z = == A — A Each energy level has been calculated in advance.
T o~ (DExcitation @Energy transfer
A A (dipole or electron exchange)
T = A\ =" —— 20 singlett—— =" - — —
Energy \ A B
transfer
- or CH,F, * + C(gas)
Spark A .
par 2CF, -* +HF A A
B P @Atomic Ci(singlet?—s * s
/ ﬂ A rearrangement Y‘ 2
. . R A
A and B are different molecules. A
/ e
? &
T T -
— : Z ’

| |

g [ T RNy

(DFluoro-olefin association pathway (2)Excited-state pathway

Figure 4.3-1 Possible pathways inferred from the energy diagram

4.4 RERE WP AEDOERICEIT-REXKRORALIZET HFHE L ETDOHRIG

AREEORREEERL, BOOMKIEOREMRNERETE, KIARIK GWP Bilt%E 7 a— s
LE®DH0, HRICBTHELZEE L, ENEE LB E X fRR 2 RE LT

WA T HEIT, A COMRIS~DREXTROEREI 72 ST IR UK GWP Wil o 7 a— 31
TOERK] L L, 2hz [(1) RO A —D—2hit e LTRA L THEL 2005RES< ) & 1(2)
TR E T A Y SOE K ONERREBS Ik OBIRIE D —> & L CONLE-SIT OfESL | (2%, (1) 12250V,
(AR SR ORI SRR GWP IR OREFE ISR e Wicd OHAO/REH & [ o
TR T L CRIE GWP R 2 2 709 2 E Sk AW & A IR A ORKET 1203, (2) 1
ONWTIE, X7V v o Fae— g URSIRMIITON DA ORET] & LTz,

4.4.1 BERCEREOBBRFIHNRMEAIE WP S IEFERAOEFICE S BV DOLEHEADKRE
WAHEARAK GWP #E 2 FAVN 72 223K - il e 812 B9 2 Has R (BLF, HS8RFFT) DA OREEIC
RHIRNWEDDOHFAS D & LT, MERroEREE RS & T 2R 2 WA D AT 28
A, RO RE SR AR RSB A AR L, ER A — I —lcxt T A e T U v (19 ) 12X VDT,
BEERFFAT O ERL 2K G & T DHFRTF 2 G DA (LUTF, Bric 2AHil) 1%, B2tz
MR T LR (LUT, BB Z23b ki, SiERIE, REMEZHE LA RmRRIcE S S ER %
Rk 5. RHEMIE, HFO-1123 & L < (X HFO-1132 Z Mt & U C2eFii « M scEE IR+ 2 X
VB L IR DHEANICBIT DR L 0 D, ok, MESRFRTFIRAEIL, BRI ~OSINAR SN % EIRT 5
ZENTES.

BT IR DRI G & T D BRI RIS 0 D RPN, JIIRMIEO BRI EESH 72 OEMHEEE L T5 2
EC, ERLERTRBEORTFEE L, MRBEORGELZ®E L T ESh, MBI EHIRS.
FRoOMmEERE 2, MEEEIEEERIT A2 RRICEIE L, 8RS 2B EED R 2+ 08T 5
Bl 7 kA A O E BE R ORR ST AN T 72 TR0 AT T T 5.
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X) 2026 4F 3 H 23 HEBI/E, HFO-1123 & L < 1% HFO-1132 Z Mt & U C2eFitk - msihscEE s+ 5
PRIZAEE ST %, American Society of Heating, Refrigerating and Air-Conditioning Engineers: ASHRAE (Z%%
I TV DHIREWEIE, R474A, R474B, R479A, R479B, R49IA L7205

4.4.2 7 9NOHRENC ETRERE GWP MEEFENCLRTIEMAHELZVEE#H CHMA
A DR

J NI OWTIE, TR GWP @2 L2 sa ok at, SLESICb 5 2 vy ) & Tk
AKX GWP B DORRE, AT A, BIEEICEDS ) oy IS, 2ok, Zfaeriamnz,
ARzl U EME 2 I b HET 5 MRS 5.

KT —<IZONT, —fRAREE LT (1) feRosket, SE%ICEb5 ) vnaTiconTlL, Yt
(%) EEOLORHY, TOEFEMIETHEHTELL )LD TITRL, S OIZKMIT & - TREM:
DENHEDOTHDLEWVWIBBELE, 2) BB, AT FU A, BHEECEDS ) UATIZonTIE, i
— =TI <, i LERCHEEFRIEEICEESR OB OIS CRADSREBRICER L, Bl HERL
THEY, LI nN TN r—2ARMFEAETHD LWV OENRETOND. L L, KHERIL GWP %
BEIZOWTIE, AL ML L O 23 Ede R32 CTHALICHYEEBEOERENH Y, / U TIiIZoNT, Hit
WCHFAA L L CEET AMENR RN E NI X7,

4.4.3 /7)) vy FTRE—L 3 UHARIRMICTHOA LA DEE

B O il O~ D22 D F2 b3 e S 7o IR IARUR GWP i % 7 a — 7 Us 3 R SE 5720121,
i, HARAKETR Y Y WIEKL ORI IEDBEIRE DO —> & L COMNBE ST 2T 52 L NEE LS
AHNTEY, T M)A —EEEICBT D550, BKINO F 7 AHHI, REACH HHI & o 72 BURI A
TABX—~DOXI E, REGEDIREOALTIET LA I AN—TE 2GR RD L, TNEND
BB 2T R CHAICED 2 NERSH S .

BHROBGMA LI AL, EH, EREAR, #EEA—0—, BEX - —oznznn, BLo%E %
o THED TN ZERBZOLNLN, Bx HROEL T RO, ITEOREERE L THEoEROE
B2, FHEIRGRMER RO OGN WM A THS.

NEDO (%, INEDO 7r v =7 b &L LI AMER, FEFHEES O G IR, R IRIK GWP it o
FERCIZ T 72 B sh = B ZE AT OB AR D Feillah e ) (ST 2 F ¥4 @ U T, K GWP Ml - Hs
DORFZERR%E « L2 GBS D EMNCET A AT oY =7 b B IO 2 ERNAIFOREZER L,
DINHIEE) « AMERL - AW 28 U C, RS EEZBIE L] &K1, [1SOASHRAE %5 O [E FEEE
el - ERSBUS LA RAE 2 72, ENSAO BT - P H & O A 8 6T 5 72 O Enpy B A AT 5
ZLELTRY, 441 HTHELZED HIMACHONT, YHEELEETH I LS, FARIEE LT
EZzohb.

(&% XHk]
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5. EEANTHOBRCHBRLCERERDRE & TRLF—FHEFEDORR
(A IREARREERKF)

5.1 [FL®HIC

RS A DOYEHHIEO 728, ~A K7t uah—Ry (HFC) Off FEHIEIC T 72 B0 fLAa
HEDHTWD. HFC OFRHERITMEE T, HFC $FHEREOIB L2 9 Hla2 w5 (BREEE, 2023). @
ZAZH DK GWP (Global Warming Potential: HiERIEEE(LARE) LI HFC HROIREZNF A A HIRIC K &
<FHGT 5. 2000 AR E TIIABEEMERE & 22O TEAL72 R410A (GWP=2,090 (BREE4, 2026)) HE
HEPETH > 7275, HFC RGO T T LR GWP O/ SV R32 (GWP: 675) DMAPEICEI+ 25U 2
i3 LN I AT TR A R OB 2 TR T L, BUEREM MBSO EHmE L LTHY
HITWND. LU S R32 O REHER L IZIER T2 A, 2016 FFICAEINTEY N A—LiEEE
XY X 0 F- 2l ERE (BB, 2017) MR Eh, R32 TIEINZERT D 2 & AR 22
LRIAHFETRY . Bl e RRBIBE OB L RN ME L 7r 572 R1132(E)%E, —H D HFO RHEET GWP
W1 LURTC, oWt e L COMERERHBEE L FZELL EThH 2 Enn, ZoFRERMETH 172K
BRI LTHIff SN T D, —FH T, @il - BIEEH HEOFRMFICBWTIMEO =R LX— 035 2
bbb L, ACOMKIGEAETD ZENMBLNTEY, ZHCID2ERZAN - WHEESBREIL T
. HOOMRRSITRIEBLIG & 138 e 0 LA LR WVWERE N CHAT 2 20T, FRCHEEs @i -
BB 72 2 JERERENIC W TUIX B RS OF A falRth 2 BE T & 2. LIehd - TH OO RIS D%
EaRRITBAIETHZ N, ZNLOWEOFERICHTZD 7 )V T T RS EEEHRE L 2o T D.

ZOL )T RS, 2022 HEE TIZ NEDO A = b - (RIRENF 2R T 2 HRALE - 4
HZSTHAN I L ORI FIEOBFEIC BT, JEMEN TH O R E 5589 2 BEROFENIT DO, FF
W2 TE— 2B BEOLA ¥ — g — FOHKIHICAE T 27 — 2 B 2, &b H MBS ZHEIRT 5 0]
REMER BN M INTWD. ZOFERETIEHHARFZOMELEI L —TIZH 0T, LAY —Ta—bR34ET
TG O RV X ORI, JEMEEOEIRFEE 22 EATR 5TV h (NEDO,2023). — 5T, HmEF
FSEREE FICBI DB RANVF— 3B I T 5T, I F S ERERESEM CIEMENICB N TAEL D
T =7 EO TR NX— % EBFET D FIEOHBICE TIEE S TR, F, 7T— 7 BN A
ZALEAEHEN T O 1 — Z BB O BEEESC, BRY — I T ATO N7 v X 77 8 A E MG
FRD1DEBZOLND T ENFERMINTNDHEOD, ZOEREMFHEIZE TIEE ST W,

Z ZCAMFR I, A - B - FHE - ERIT o —F 2R L C, EAEHEN TO B ORISR
ZN (T BT =K REDOMDER) (ZONWT, T—ZDNELT—T kB L TEDORAE
AN =R LD ZEAT, Thg b LAICTEMS OB D B O RISHRER (B RV X—
) HEEMICEHHT A MEET VERE T L EAAMNE TS, BB LR T T VI IR &
ToSERERRBRIC K 0 AT T 5. BAREOICIE, FOEH 220 O FERE RN I 35 1T 2 B O F R LG 35
FOMIFE B G A ERIICHEL L, BIRELEE, WEY 7 XA~ OWRENES), KEY 7 A~ DAY
M EZBG L THET XA X —%2 KD D EFFIC, 2O NFEAKIEN LSO RIE T HEE R~
oo AT, ERICEDRVERAF—OTRIEZARRET L7201, FEVIalb—rarEH0Vicii
FAEOHEEITE Y e L FRFC, @50 MEGRAOEH & YR Z R ATz, 2095 BARMEETIX
A =2 L O EHEMEE N IZ 31T 2B O AR 2 i L 72 BRI L OV I 2 L—32 3 Y OfE
RICOWTRE AR~ 5.

46



5.2 BIRFE

5.2.1 EREREBERUAE

R L7oA =2 REMEHE (LT, A o= BIO—EEEME (CLF, —Edil) oftkks
Table 5.2-1 (ZRF. A =X BITTIROZIEHZZTEEEEICER I T2 b0aH LTS, —
TE S A A U 72 FEE A 2SR AR A TREASERE D D b 0D, HARENTIZIZE A LW L TH a0
b, FEMZEFERORD D ICHERERICHER STV — Bl 2 vz, o3 =2k X
O E i 2 O 72356 O SR [ % % U240 Figure 5.2-1, Figure 5.2-2 (27§, B & JEMitE 2 Bt
% BCRR 2 — B3I & B TR RIS IS HEE AT RE & L7-. Figure 5.2-3 [3EGEE D EE TH 5. HRHHEE LA
#H 1.5L, MJE 6.0 MPa @ SUS316 ®AFEALE T, — O EBENFRTLTHAT LI IRBEINLTND.
—H o0& RE (SUS316 #, ERE 6.2mm) [THEMkF 2 L TARICEE SN TWDED, &5 —F (Ff,
B 62 mm) [ IAT v BT E—4 (AT ZLE—F—, ARMA6AC-H50) DHEfCHE SN TEH Y Kk
EHENZ 10mm DA hr—27 THRETLHZ ENTES. ZO—xtOSBEIC IR 2 Bk L C r[E)Em
EREN S, B AEMS T CHEEEZER L. ABEMEITEEHTHS. iV y sy be—4—
TEBEBOLNTEY, RN OEE % & 150°C ETLAIEL LN TE 5. BRBIIT—HOBER (5
£225 mm) BEOMHTONTEY, 2220 L CRGNOREE 2T T2 ENARTHDL. £,
FaWNIEINIE ) gy (BRI KH-15) Ik E=X2V /LT

Table 5.2-1 Specifications of test compressors of room air conditioners.

(a) Single-phase AC200V inverter-driven compressor  (b) Single-phase AC100V inverter-driven compressor

Power Single-Phase AC200V Power Single-Phase AC100V
Refrigerant R32 Refrigerant R32

Rated performance Cooling: 3.6 kW, Heatig: 4.0 kW Rated performance Cooling: 2.8 kW, Heatig: 3.6 kW
Consumption power | Cooling: 0.81 kW, Heating: 0.96 kW Consumption power | Cooling: 0.51 kW, Heating: 0.66 kW
Working current Cooling: 4.45 A, Heating: 5.27 A Working current Cooling: 5.50 A, Heating: 7.00 A
Power of compressor 0.56 kW Power of compressor 1.10 kW

(c) Single-phase AC100V constant-speed compressor

Power Single-Phase AC100V
Refrigerant R448A
Temperature Evaporation: -10°C/Outside 32°C
Consumption power 1.02 kW

Working current 10.7 A

Power of compressor 0.60 kW
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Figure 5.2-1 Schematic of equivalent circuit of an inverter-driven room air conditioner.

Electrical-short
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Figure 5.2-2 Schematic of equivalent circuit of a constant-speed-compressor-driven refrigerator.

Figure 5.2-3 Overall view of the electrical-short device and enlarged view of electrodes.

WE I B I AAE R A AL 5 B, AEEMESOEBE, BT T ADHHAXT MV THDH. i
Zh, AC/DC L bV (HESBER, CT6973), mEEEE)7 1 —7 (Tektronix, P5205A), 4y tws

(FekaRs b =27 28 OPAL-Luxe) (XY FHAI L7z, S0 edsiCHEfe ST 7 7 A ANITBIE R O SMEl R R
RE LT, £, MERNEHERHENAT (Fy I/ A A=Y T 7 /) rY—, MEMRECAM ACS-1 M60)
TR LIz, R T 200,000 fps, > v v Z — A E— FI% 1/250,000 s & L7=. i - EBEE S XmE A
1 A a—7 (Tektronix, MSO44 4-BW-1000) |ZFiEk L7z, RFEBR CTIXERE 5O & FIRFICA B X 2
—T MO N TESEREL, UKD EEED A 7B X OER @t%béw T EFEELE.

FERRM & U CRA T AR (%%’%, 2550, /»lmfjv (0.1-6.0 MPa), FRPHSURE (IR KON 150 °C)
PEASETZ. 1 DOFERA A - FHESIET] - ﬂ(m)*@ﬂ'ﬁif/\bﬁ _Oé AEERR A A L N—H
BECIE 10 [7], —EHEETIE 60 [FI#E D @u‘:.

5,22 BESSaL—LavFE

K[ Esgee Technologies %! VizSpark v2.4.4 % W CARERZIZH T 2 &R OB 234 7-. Figure
524123 ab—va BT VO A RS, FHRZERIE 3 pm x 6 pum T, 3um x 1 um 04 )& AR A Fd
& L7z, Bt [EE B (SUS316), [t nl@8hdEMm ) Tho. EEEMMIZ 100 OBURA SV TE
v, BT A B L TWA. FEAMO D DR IR Z 5 ps ICHIFR L7200 C, SRS 4
02m/s & LT, FrHERHNICEMIEMTE S OICL. ZOEME EjRER & HKHEsI1c86i L7z RC
[E13% A ARk L, FEIREEIEZ 250 VDC, 4 3.57Q & LT, BMERFOEN A 70 A IZHIFR L7z, FEMmEF O
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SARITHHIEEE 300 K 042K & L, #IMEI% 0.1, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 10.0 MPa |Z3%E L 7~.

Air : 300K

Anode : SUS316 gﬂtmde :
Figure 5.2-4 Schematic of computational domain of electrical short.

5.3 WMRRUEE

5.3.1 4 U \— 4 BOIEMEHRERER (H48 200V #)

Figure 5.2-5 [XH R « ®EDERERE FICB T 5, FEN%OMMN 2 ERELKE THD. E#%%V
U-V f#&, U-W 8%, V-W ESETHhD. ZOERBRTIE, FERIEKIZ 30 A 22 2 ERSINTERIC
IMEH%EF L TRl a G2 L0 ICRESNTND

%W%&_owﬁtﬁ%’ﬁEﬂhTﬁékt%_E, WHRAELC TS, 2L, EkERITT—4 2
ANDALE Y B2 ADEEEZ T HOT, BIE L RRREOBE CHRIFIZEMT 20 Tldk, OB
TybERD., BEEFBLZ20VEECTCRuBE—ELRoTcDL, HE—BREALTOVIZELD.
—77, BRI EE 2 ps ZHICKRRICR L CEMAICHEE L, 00 12 us BETE R 2R Lf:. ESc 7]
FEERI, T E CTHRBKIEE Ch o BMEIIKIRILO 7 — 27 F ¥ XABER I D Z LIk b, B,
B, A N—F T, T NVEICE LN TW BRI —RU ﬁﬁzﬁﬁ“ét&)%ﬁu\x/w 7 EET
EbOEEZLND. TOBBIHROBEIIENA VN — R RIENEE L2 ik by, ERE—7 4
IHTCHRANAS I PNELTE D ERBND. REIICIRERIE N E2IEET 5 &?'-éﬁf-ﬁfk HiEIET 5
DB, ZORFAUHE T B ALK TEBEMFE LIS T 572012, 4 X7 5% A LB EE DR
TREDWRBENINDECTRERANSL I BPAELLZ O EHRISNS. U, V, WIZZNZENNLFED 120° 3
ST TS (GEH, 2006) O T, EBMBO X A I 72X > THRERFIZZ VR D A, U-V,U-W, V-
W OWTHNOMBETHEENE L) 2L, T—VEBEBIOERE — 27 O KNI R E Ak E7E

EGAL SRSy AWAAN

100 - . ‘ 100 T T . T 100
80 80 80
= = 5
= 60 = 60 = 60
g 40 § 40 E
;: t E 40
E = 5
S 20 S 20 3 20
0 0 0
20005 0 0005 001 0015 0.02 0005 0 0.005 001 0015 0.02 0005 0 0005 001 0015 0.02
Time [ms] Time [ms] Time [ms]

49



100 100
80 80
= = S
= 60 60 =
)] Y
80 &0 &
S w0 8 a0 g
(=] =) .—o.
- 20 = 20 -
0 0 .
0005 0 0005 0.01 0.015 0.02 -0.005 0 0005 001 0015 002 0005 0 0005 001 0015 002
Time[ms] Time [ms] Time [ms]
U-V short U-W short V-W short

Figure 5.2-5 Typical waveforms of phase-to-phase electrical short of coil windings of the inverter-driven

compressor of AC200V RAC. Ambient condition: air, room temperature, atmospheric pressure.

Figure 5.2-6 1% V-W FA&IC B W CRKIRE, FERE2Z{b3 L ZOERELKRZO—FHITH
%. F7-, Figure 5.2-7 1% Figure 5.2-5 £ X (X Figure 5.2-6 THOLNT=T — 7 EIE, KEMR, LOEREL
W OFE % R TR L RO B IE T R X —DEIZx T 2 F %2, BEZ2 LF & LR
LD THD. A N—FEETHLIOERD~YA T ADEERT I bbb oTon, ZOHEIXER -
BRI DS KIS 2 DA T, fixtEiTBBtrh—ETh-o7z. T7hbb, BRELEFIIRHEROR
JE e ENRMITIHIFE A CEEIN W LD, T— 7 BEED FEHKERCRE KT T RE
DR2VERETHST-. 7 — 7 METILTEMER IS EIRICMEA S, BE T4 L CRE REIREE %
FFo L5127 d. DX ICERBERBITEMRRENRE BEFRLTEY, BHEKEOEETZNICHAST
FHEND T, MERNRELS ol bDEEXBND. ENTHONTH, BIEEICH L TRERWA
— A —F CTEHEAKEEZHOLND LITE XIS VWDT, BENIEAEH ol tH LD, LR
STEREBEOHELZKEMMCHEY L-=x X —4, JENZH L TUIE—ETHY, K58m] ThH-o
7=.

o
-
o
o
=
(=]
=]

™
[=}
®
(=]
@
S

&
(=]
o
=
o
=)

Current [A]
2
Current [A]
s
Current[A]
.
o

-80 20 20
100 : ! : : 0 : 0 ‘ :
-0.005 0 0.005 0.01 0.015 0.02 -0005 0 0.005 0.01 0.015 0.02 -0.005 0 0.005 0.01 0.015 0.02
Time [ms] Time [ms] Time [ms]
0
100 100
-20 N S N S B
= s ¥ : : ; =
-40 D 60 |obo- B [=d
& & o0 o 60
S 6o S 40 g
= R s e g
E S 3 40
-80 F------F-----t-mmmmdeeendeee 20 Fef e TORN - - g - - e
20 20
-100 ‘ . : 0 0 : : !
-0.005 0 0.005 0.01 0.015 0.02 -0.005 0 0005 0.01 0015 0.02
. N -0.005 0 0.005 001 0.015 0.02
Time [ms] Time [ms] :
Time [ms]
(a) 2MPa, room temp. (b) 5 MPa, room temp. (c) 2MPa, 150 °C

Figure 5.2-6 Typical waveforms of V-W phases-electrical short of coil windings of the inverter-driven

compressor of AC200V RAC under different environment conditions.
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Figure 5.2-7 Dependences of arc discharge energy, maximum current, and arc voltage on ambient pressure and

temperature in V-W phases-electrical short of AC200V RAC.

Figure 5.2-8 (% V-W FHMEAEICH T D ER LA HRE LI—0ITH 5. FREXTE T3 L ONRE OHMIC
PRV, EFR IR AIER T 2 @M AR L, FRICIREDO RIS 2 2h RT3 <, REKENDFE LT
HIRE 150°C O b & TR A FAMEICIAR L TV D, ZAUIIIE OB X 0 25 ansghnd 5
&, BEEFICXY S EBNERIC LT, SR K 0 IREEICIERT A 2 &, 12Xk D L
bihs.

L L2 D ZORERIT, METRLF—PEIPCEREICH L THEVE L RhoTo T /R E —
BLZ2WE ) iIcEbins., 22T, HEL #9%%®Rmﬁkw% PO T HZEICKVIRELRAED
D, TIVX—%HET L L L L. RO EDIREHRE IRV~ AEERA L. ZOFE
1%, 77 A~ TORAF - 71 ONhk R EE @EﬁiWﬁW/V/ MDY Z & ZFIHALIcbDTHD.
RN ORI TR n, , BRI E 0, FEREE g, RV~ U ERE ky, F¥ENMTZRALX—%E, BE
KFEDOSECRS A Z(T), FREEL T, £ T5&E, UTFTOXMBHKIT 5.

ny Yu ( Ey, )
— = exp|— 5.3-1
n Z(T) P kpTexc ( )

s

2MPa 3MPa 4MPa 5MPa ZMPa 3MPa
Y !

Room Temperature 150°C

J
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Figure 5.2-9 An example of spectroscopic spectrum of plasma generated by the V-W phases electrical short.
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Table 5.2-2 List of calculated energy of plasma generated by V-W phases electrical short estimated by the
spectroscopy analysis using Eq.(5.3-5).
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Figure 5.2-10 Typical waveforms of V-W phases-electrical short of coil windings of the inverter-driven

compressor of AC100V RAC under different environment conditions.
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Figure 5.2-11 Dependences of arc discharge energy, maximum current, and arc voltage on ambient pressure and
temperature in V-W phases-electrical short of AC200 V and AC100 V RAC.
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Figure 5.2-12 Typical waveforms of V-X phases electrical short of the constant-speed compressor of AC100V

refrigerator. Ambient: air, atmospheric pressure, room temperature
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Figure 5.2-13 Dependences of energy, maximum current, and discharging time on the voltage at the beginning

of electrical short.
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Figure 5.2-14 Luminescence of discharge generated by V-X phases electric short of constant-speed compressor.
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Figure 5.2-15 An example of spectroscopic spectrum of plasma generated by electrical short of the V-X phases

of constant-speed compressor.
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Figure 5.2-17 Time evolutions of voltage, current and power obtained by numerical simulation.
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simulation.
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Figure A.A.6-1 Self-decomposition limits and reached temperature & pressure conditions of scenarios
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A 7.1 SF A No. 9 DELEFHHERHBRER

U A No9 I, IBEEA S FTIADO1IS2THY, V—AZ7 2B, nAuEiRT— N CH
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HIH ZADIRFE FAPRINTE /2N E2ELTWAD. Table A.7-1 [ITHESSOAEE R OSRBR S % 7T,

Table A.7-1 Specifications of the apparatus and test conditions
Items Specifications / conditions
Specifications of the apparatus Type of apparatus Domestic air conditioner
Capacity 22 kW
Refrigerant R32
Power supply 1o 100 V
Compressor type Rotary (Rolling piston)
Compressor shell type High pressure

Discharge temp. thermistor

Disabled (Out of proper position)

Test conditions Operation type
Operation mode of apparatus
Ambient temperature

Procedure after pump down

Pump down
Emergency operation mode (cooling)
43 °C

Continue operating

WIZR T Z Y AEERIZHOWTHAT 5. R 7 F 0 s L, SR O M2 E4MEIZ BT 5

HIZTH L. HIRE— NIMFBEECTH L. BIMEORMO VT 2 FHF) #H U THEERT 52 LT
SEHMED D BN EE Q FWEE) 2k 5 EEEN S D720, BN O EIMEICH IS BB
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Z8) AT OIAE L, BN OMBEOEINMES~OBENNTE T LI RER TEIMED T Al D7

(ZFF) #UL TRV X U EIRER T IE5 2 8T, MY A 7 /VINOGHBIIEAENICEIL X4
D, FUANoIIE, N7 XUV ETHRVEEZE TETICZEOEERE L —ATHD.

AREBRFE RS, BRI & & b Icn < OB BNz, £7, EIEA L TULIES ITENEOK
B RAMBIZIEIN T 5 Z & T, JEMEHEOWAESPMET L, BNEOGBEE ORI D 25 & B28 @ x50
WIRRE L 7o o Tz, ARRIZZORER TR 7 X 7 VIEIHA K T IE 50, R F U A TIRZ O F FiERz ik
952 LT, EMEMITEEER AT 5. BEEERECIIT ADOWNNR R 20, EfE#Eo> Y o
S —WNEROBBYEH T & FIEMEDO > V) X — N ORE EARBEL. £, T—F—HbHTAD
TN IRL IR D2 L TE—H—DBHANTES, T—F—THRAELZBICIVIEE EF L.

JEREHED U v F—NESOIREEN EHT 5 &, WMAR LEMEZ Y > TV D= 20 9 i AN B
BRL, ETOESZOMICEEE > TENT R 252 LIk y, EMEIIERECETERIDIREL -7

JEAGRE DN ERGTE R )Y S 280 V EERIE L 72 5 2 & C, —HFICEEMOREN D UK 32528, £2h
LERBEERZEO. BELFOBAE, T—%—%@iT 202017, T—F—THAEL
e ALK DHEENE— X —OBBRICEBINDI D THY, HENRAICER L.

Z DORER CRAKHNCENE L= 5ME1T, [EHET— 2 —OBMIBE T262°CE T LA Lz, ZOREEIL,
BRROWBPRET D ATREMER H DIRETH Y, ZORBRTOEKIIMRSNLTHARNEDD, E—F —
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END D, REEEDRE TE VRO, BERMN TEROHER L ZOMOREI @D\
ERDHY, TOMOEHELIL, XL, BRICRTH T U= RB3HY, RN 7 X0 Bl b —ER
MRIR % I ER LT HHRETH 5. SENIZOMORHEL T L BAEME1.0)) & L.
@%$2®%$%$:omfiﬁﬁﬁﬁ%f@b SENIEER 2B MR EZ R L TORWD, RO
FAMRIT, MRBEBREMETHD 1.0x10710ZHVVEE 72> T D.
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Figure A.A.7-1 Fault tree of scenario No.9
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p o HRIMIEEETE [ke/L]
m  EAREEE [ke]
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Effective
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Oil return
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Figure A.A.8-1 Effective Volume of Accumulators

MR RS KR VIZ EMERMR A IIRE L 2R H 5. Fo, KIRIZAR 51T ERSBEEENR
RELRDDOT, WHBERELIIRE S R2EMNBH D, ARFTIE, &b HOOMEISHREE LT N
FhaRDDT2DIT, B O A RIKRE %, 22 TlE-35°C, MBI TIZ-45°CIZRREL, Z Dk
DOIEBRA L Z kO T=. ), BB HEARREIZI T 5% (p)iX Table A.8-1 DfEZE HV -,

Table A.8-1 Liquid refrigerant density [p] at the minimum operating temperature

Refrigerants Air conditioners Refrigeration equipment
R32 1.166 kg/L 1.194 kg/L
R410A 1.297 kg/L 1.329 kg/L
R404A - 1.302 kg/L
Liquid temperature -35°C -45 °C
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[, ZORBEIIARKEOEDE LML T RETH LD, HRMEOHIERBULERR ST
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Table A.A.8-2 Self-decomposition avoidable specifications

Proportion of accumulated refrigerant R474A R474B R479A
<20 wt% v v v
20 wt% - 40 wt% v v v
40 wt% - 60 wt% v — v
60 wt% - 80 wt% v — v
= 80 wt% — — v
Limit R1132(E) composition ratio 45 wt% 45 wt% 55 wt%

Initial R1132(E) composition ratio 23.0 wt% 31.5 wt% 28.0 wt%

v : Self-decomposition reaction is avoidable

— : Not yet established that Self-decomposition reaction is avoidable
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  C  F 2 = CHF →  1 2   C  F 4 +  3 2   C + HF


  Δ H = − 250   kJ ∙  mol  − 1


  CHF = CHF → 2 C + 2 HF


  Δ H = − 248   kJ ∙  mol  − 1
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