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In Japan, risk assessments of various appliances had been carried out to establish methods for ensuring the
safe use of products using A2L refrigerants, followed by product launches in Japanese market. However, further shift to
lower GWP refrigerants is desired in response to the Kigali Amendment. Most of the refrigerants with low GWP are A3
refrigerants with high flammability. Therefore, the Japan Refrigeration and Air Conditioning Industry Association have
been carried out the risk assessments of built-in refrigerated display cabinets using A3 refrigerants. The details of the risk
assessment and established Japanese standards are explained in this paper.
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For reach-in refrigerated display cabinet
air flow rate 0 m¥/s;
Ty=4.61x105x(M/A)2-4.76x103x(M/A)
+1.38x10! (11)
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Vy=1.36x102x(M/A)+1.34 (12)

air flow rate 0.166 m3/s;
T,=1.40 (13)
V,=2.68x101x(M/A)+1.08 (14)

For horizontal refrigerated display cabinet
air flow rate 0 m¥/s;
Ty=4.41x10°x(M/A)>-1.42x10%<(M/A)+3.94 (15)

V,=8.90x 101 (M/A)+2.58 (16)
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Table 1 Ignition sources assumed at the usage stage
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Table 2 Ignition probability (tolerable value; 5.26x10°)

Stage AR R KR

15 FH 5 2.50 X107 1.82x10710
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Table 3 Ignition sources assumed at the work stage
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Name Ti(s) | n k Note
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Table 4 Ignition probability (tolerable value; 5.26x10-%)
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Table 5 Safety measures for work stage

Stage Safety measures
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HHKMEEDTRMEULTIC/2 D 2 & 2 s LT,
3.2.7 PNEHICKHTEHIIVRITERAAV
R o/ha =2 fHE L) A7 Tk
A A M HiTo72. R290 0.5 kg, JEEHAIFE 24 m?2
EL, HAFITHERERICESOHTHEE L. &
B, FILLEMRERD Z L TRETOAT—IT
BHKMERDPTREL T Lo

4. BRADZERE (BEARRRE)

R EAT ARLETIE, WREESIDN 3 b AR D
MBLEIE ISR T D mE R A DN RS & 72 o
TV, oL, ZiudmmirZe il (madl)
WELTOZ L THD. MHADEMZ2%T5 b
DERE, RFED 3 T 4 DRALKE Z TR
&I D I BT HRAL AT T A DR 2R I o0 3 A %
T, TS ORI i T A PR BRI O T
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22T 5. B b REA~OWIEEO R (i
DFEFE) , WEEOEIL, BEIR~DMIED FEHE I B
LT, —Mm A AR I U TRA A0 T A R
AP EA SN D &, 20 BATE TOMIT AL
L, FE, BEoBEENRTERIRoTL
£9. £IT, BWLTE, ZhzEmd~],
TRIFPESEL & O EiaT-. £ OREE, 2020 4
7 2, RE~O®mBEokt (WO KO
FHIZEAL T, ROHWAR RISz, Tl ko
T, (EBRRFEEIC T 72 LB ComBEDFESE
FOFEHEHATH Z ENATRE L Te o 7.
(EH % BES 570 OB 2/ A L2
RIS X DWHAESI Y 3 N R O W E
23D DIIED BEFE N OZEFIZ K D REE I8 3
b > R D 1 BREE T A~ O I O FEHE 1T E
AL DA TH 5 |
723, A2, A3 WIEOENIZEI L CIE, &mEN
ARZAEO BRI 72 722, 20 HATE T
DAL L 720, FHE, BIHCTOBHERC
A2, A3 BIEDENIETE 220,

5. ERREETBERORE

IEC 60335-2-89 (X375 v stz 12 B3 %
EEEEME TH 5. 2019 46 HIZ Edition 3 (ZIE
Si7z. IEC 60335-2-89 T, mIBAMEMELIE A2L
W, A2 IR Y A3 IR A FR T

JIS C 9335-2-89'(%, IEC 60335-2-89 % sk L
VT v —va v (EEERE E 0ZER) 20N
A TR TH D, IEC ik D Edition 3 (ZXHE T2
WIEZIT->7-. JRA 40783 K% (X JRA GL-2191F,
A3 WA HA LNy a—7—ADY A7 T
TARA L MEREZRERICLEZAGTHEKETHS. W
Thb 202143 A 22 HIZHIES . b
R L CHARDHK &M 5.

D [EREBUE KOV H ROBIEIZONWT, e
WEZMRAT 5.
5.1 RRAEFIES

IEC 60335-2-89 T, R NMEAMEAEIL, LFL ©
13 & 1.2kg D 5 B/ SWME & BLE S 72, R290



DA, LFL 28 0.038kg/m® TH V), F K FEHE
#3049 kg L7025

AL BT, A2 BN A3 I XL D BN
PEAMENY, IEC OIRE Tl 1.2kg £ TLFKIR
TERU. LL, ZEFOEFRHF 1IEC 60335-
2-40 TIE, REEMEDE NS A2 IR TNA3
BEClE LFL @ 26 1%, A2L HECix LFL @ 52
FETHRIECTED. 2T, BADOHEMKE TIE 1.2kg
O ERZES L, WXy L 59 LFL
D 13 fEFETHRIBTEAHESL L. R1234yf @
%8, LFL 2% 0.289 kg/m® TdH v fr K it FehiE &
12376 kg L72%. ZONEIFKOWIEIZAIT T
IEC [T L7z,

5.2 m/NEXEREE

IEC 60335-2-89 C, 0.15kg #R D A[BRIMEG IS FE
HENT-BER A RET 2 EE, AiEENHmED
RHIZXI L LFL @ 14 & 72 Do/ % B R m g LA
FOREE AR TORTIER LRV EBE
EN7-. 0494 kg @ R290 % FEHE L 7= k21T 23.7
m? L EOREFEDOHRBICED 2T UT e H 720,

HARDOHMETYH, ICAREBRE L. 27201,
AW THE T, GEEICL 5T (015kg L FT
b)), B/EREREELL EORRRE ORI E
LARTHE R b2 0WEEE L.

5.3 SRR VEER

IEC 60335-2-89 C, 0.15kg #A D Al kMM I FE 1R
ERRT, BUEDBBR 2 W Z 1TV, M0 JE
PRIC AT RIS AE R S LN 2 & ZfsE L7 i
E2e B2 EBSBLIE S, RBRITBUE DR X
WIFE (0494 kg @ R290 M341% 2.66 kglh) T
1179, V—=FA v va—br—REORESEDH D
B CITENICEmEEZ IR AWV S 2% 25
REEZWTD. HIEAHOMBIREL, 5 LT
OMFETHIE L, BIERENS 5 HE B -%IX
LFL @ 12 Z#x TR B 720,

J—FA g —r—ZDENICEETEEN
A WRICEEAZ ZUCBT 5 &, HAMI K Z 72k
WASER SIS 9. A3 WIETIE, FRESSIEIN
DEXM DV L—FERNE KR E 2 D720, ATk
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WO RPN ERFTH - TH, ABRIRNIC S KR
NFETIURE G ICEKICEDREMER S H. L
/7L, IEC 60335-2-89 T, MIEBIAND 5 43LA
WIT R E 22 Al RIS Al X 7= & LT b ARk
WERISNRNWE RSN TLE Y. BAROBUE
T, VAT EBARA L MERICESE, HIER
M5 5 Sy OMIE bR A HIBR L, WIEBH LA
DO AR O AR AT R LRWEEE Lz, ZL
T, BEAO RO LRIz, BN O
RN R B & i [a] T 1 A HHLE L
IS E A ZAVTEAN DD O W 2 ViR A
AREEL LT

£z, WA VEHEEICEE LTI, JISC9335-2-89 T
I% IEC 60335-2-89 & [Fl U= CToOMEE L.
—J7, 2SSO EFEHRS 1IEC 60335-2-40 TiL 4 4y
EEFIEE CHESH TS, 22T, BB TH
FETITLRDTZDIT 4 pERERIVEEZHMA L.
0.494kg ® R290 DA, 4 sy EERIVHEE X 7.41
kgl L7200, IEC KOFHEAE 2.66 kg/h DF) 2.8 5
2725, EHIZHGTHM T, Bfigs—=> ki
DDAV LT, BrEER:HE(17)9 43 72 77
BCEHEm 7 7 v A EIRS S L L L, 2O,
BHfEge T = DO OWBER A VIR 2 RE L L
2. ZOROBEETABEN TRV L ITmiE
I 2 NMRAT THERE A~ TH 5 9.

5.4 RERE

IEC 60335-2-89 TlE, WA\ T 2 rIEAMEMEEIC
S5 EINDHFRMEOIBE NGO A 235 KIEE M
5 100 K 2 CRELZB 2 TER bian & Bl
EINTND.

UL, AL ImIEERBEMEDME N 20, ZEFRE
D [EE A 1IEC 60335-2-40 (2T, A2L (2 &
5 I N D FEOIREIT 700 °CH M 2 TiX7e B 720
CHESN TV, 22 CHAOHEMETIE, A2 %
PR ONA3 M E O KRS 100K 238 U
ToIREE, AL IHIEETTIE 700 °C & 2 Cld7Ze B 72w
EHUE LT, ZONFIFROBIEIZWT T IEC 12
ELT.



5.5 HBAORTRUEXBOREER

A& THM T, SEEAT Y OEKiERE
FRMELLFIZT H72012, HEe M OMREIC Fig. 2
WCARTRN R EE TNV ERRT H 2 EEHE
Lz, ¥z, B$EXKEIET 2805, Kx
VAR AER D HEAT R OB 1% OAEE R IEF DIEZE
BDE k) A 7RO -0 OBE H#IT 2. HIZ,
JERNERLIZRE L CIE, Fig. 3, Fig. 4 (239 R4S
FxAE o T RRA~OMBERH (MIEFETE) Hik L,
P R S ORISR RIS, TEN OB R % B <
L, HKIRE 7252 TOMIROEEZEW 5 2
EEHE L.

=7
= H

KKDFERGY /AT E

STRBEANERT LW I 57 Ay A R A1 T,
IR DY FE B S R TE T I AU S,
Bl AT, IRESEZO LR,

N
Fig. 2 Example of warning label
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Fig. 3 Example of refrigerant release
during in-store repair (1)
5
ww R
KU Tr—IE—R \\/%«éw
B N7 % B ik
(&
EIEVET g ==v 4 N tall I g
- ;
N Y
JEEIN O
HE 7 L—7% OFF

Fig. 4 Example of refrigerant release
during in-store repair (2)
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6. F&H

A3 WA LIZNR Y 2 —Fr—ADY 27
TEARA L NEITV, ZORERE ILICER LB
KOBUEDOERNEEZHIIL, EHEBE & D
BiTo7z.

Wi 3 — 7 — A TIE, k) DS £ Tmit
BRI EEA A S T REETIT s, B LD
AT TRHARX ML, —HFROKESRE LTI L
DOFMNTITo7. LoavL, IEEBL T, Mt
138 79> b OO FEFHE o TR AT O D 72
TENLETHD. FFZ, BEE RS CIE
BREEICHII N B DA H Y, IRAEFHHTDH
AREME L HD. TDn, BB THETE, JEN
BRI L CIE, IABZLBAELTHE LK
WD N ERPR A BUE L.

Wik a — 77—, MER, EXREWEL
THEFESIND. BEROFEFICEHAL I A2 7k
ARV REITSOTWVRNA, BB T THE, HEn
BRRESND LT D70, WRIEGIEZ
FHLEZNEY a3 —7r—ADOREETFIEEZHE L
e~ =a T IVOIER B IED TN S.

Bk ONED I S 4L, e iy CRRITHE
HaEnsZ 28545,

Eiraa

AEFFEIX, BB LESMEETHDH T, 4
NET, BT e UTF—I)V AT A, XA X
T, RZxx V7, hipmik ~Fy=v7,
T~ LA, BLEE RV, ZEE
BMEILH v AT L DOKOZEIT X - THEH
Ehi. F£io, AL LT, JERER, L
O JA—Hk, HEBEE, N0 B2, BB
SRR D TR TEW . T 2R G
LEF5.

NOMENCLATURE
A : floor area, m?
Ao : area of air outlet, m?
F : coefficient (safety factor), equal to 0.25
: LFL, kg/m?
ho : height of centerline of air outlet, m



k : coefficient, —

M : refrigerant amount, kg

n : frequency of ignition source in a day, —

P : ignition probability, —

P, : probability of leakage during working time,

Py : probability of ignition source encountering
working time, —

P; : refrigerant leak probability, —

P : spatial encounter probability, —

Py : temporal encounter probability, —

0] : air flow rate of outlet air, m3/s

Ta : one day, s

T; : duration of ignition source, s

Ts - working time, s

Ty : duration of the flammable region, s

Ve : volume of target space, m3

Vy : mean flammable volume, m?

w : refrigerant leak rate, kg/s
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