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Refrigerant Leak Analysis for Risk Assessment of Built-in Refrigerated
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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. Refrigerant leak
analyses of the reach-in refrigerated display cabinet and the horizontal refrigerated display cabinet were performed to
determine the duration of the flammable region and the mean flammable volume. The details are explained in this paper.
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Fig.1 Analysis model of reach-in refrigerated display cabinet
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(a) Air flow rate 0 m3/s without air curtain

0.623
. 0.021

(b) Air flow rate 0.166 m?/s with air curtain Ivm

Fig. 2 Concentration distribution after 10 s from door
opening (refrigerant 0.5 kg; floor area 24.01 m?)
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Fig.3 Change with time in flammable volume when
floor area and condenser air flow rate are varied
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Fig. 4 Calculation results for a reach-in refrigerated
display cabinet at air flow rate of 0 m%s without air curtain
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Fig. 5 Calculation results for a reach-in refrigerated display
cabinet at air flow rate of 0.166 m?s without air curtain
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Fig. 6 Analysis model of horizontal refrigerated
display cabinet
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Fig. 7 Calculation results for a horizontal refrigerated
display cabinet at air flow rate of 0 m%/s
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Fig. 8 Calculation results of flammable volume-time
integration when leak rate varies
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Fig. 11 Change with time in flammable volume
(horizontal refrigerated display cabinet)

AR ZERMATE DR E L % Fig. 11 12”7 U —F
A ¥ a—r—ADgGE L ITERR Y, IRifHE 24.01
m2 TIE, B K ATPRZE ARTE - wT BRI E P & b
2, R7 ETFREAECLIEZNALNRD. KT
FFRRAAA 2 FHT I LT, R AR
fH{AFE S 55.4 %, RIPRIEGHAREHE 128 25.0 %1272 5.
IR 64 m? TiX, F7 ETFBREICE 2 BRI
ZERATE D 751356 E ML 720, ATk R 1
PREGIEIZ R LT 85.6 %& & FE 0 2T, 7ok
100m2 (272 % &, RIBRISGHKRE R oD 72135k & M <
5.

VAV TEARAA LV NETOa LV E=2 0 AR
F7UX, RIS 84T M2 THY, TOMm
BT, V—F A v va—r—R, EEra—r
— 2L BIZ KT ETRREOZER DR, BA%E
AKX L CROIMEEEH LT A7 T AR
v R AT THRER .

JRAIA INTERNATIONAL SYMPOSIUM 2021
Copyright © JRAIA

5. EEHETILTORAVEN

A= AR NT OEEHEEE LS
HET VK% Fig. 12 \Znd. RIOEMNZE, &S
850 mm DEETHEEILGNT LU I T F— (B
HEUNCRRE) DNV, Z O RAFTIZIHIE 600 mm
DB (Fig.12 @ Door5) M 5. XD 5k fEIE
112m?, LA FRWCHERE L 102m?, KIS
222 m T, JERHITROLERRD F7 235 T d
%. Doorl [T=#HT ClE 0.8 mX & & 1.875m [B
il : E6mm, T 15 mm] , Door 2 |3Z/X> 7 ¥ —
R-CiEg 0.8mX & & 1.875m [Bfi] : £ 10mm, T
20mm] , Door 3 /% k- L TiE 0.7 mX /5 & 1.875
m [FfE . £ 6mm, F 15mm] , Door4 [3J5&HA
FChE 1.6 mX & & 1.875m [Baf : ] , Door 5
1LY ClE 0.6 mX & X 08m [FRE : F 75 mm]
& L7e. JEEN O IAEMIZ 0.25mX0.25m DJE
NERZEHRE LT, V—FA ra—r—R,
B OA FAMA R X D4 EAMANCERE L, FEY
g — 7 — ZFEHN O R RASEICERA R R T
EAT R FMICRF M A RE Lz, i TI,
WITNNDO Y a—r—ADHERE L. £z,
JEdi o HEEs B fbs e CmEs /s L
LA DOENT b ITo 72, ZOHRA ORI 75.4
m?, L UNEFRWZHEEIL 574 m2 Tho7z. U
—F A v a—r—AXFig. 1(= 7 —T7 VI,
e = v NEE 0m3fs) (R L DAL,
FEPNIZ B R 2 VO %, 2 BBEEONOLRIDBE
ZRBK ST, WEY a —47 — AT Fig6 (EEkE

2100 9710 Ol
=]
= . =
M\L = Reach-in ©~ ——+}
displzny cabi 1100
Doar 1| = isplay cabinet b
S s =
) A == -Door 2l g
Checkout = e Horizontal =
s = display cabinet
area ba £ play
-Door"s /."”3 : g
- e z
2430 2700 \ S =
= S Pressure boundary ]
$¢ ey ReachHn display cabineta - =t
- =1 5] 910
g 5, [owd 2053 1
3] = ' =
I(‘IJ
4800 1600[ 1490 1830 3940 | 149Q] ,/
\ P
15150 h

Fig. 12 Convenience store model (unit: mm)



grr=v MNREOm¥s) (T THLDEMFEHL, W
ZWVHEET 4 i e Lz, Wik R290 73
05kg & L7z

J—FA v a—r—ABNWT, EEHTT LV
DU INERWEIRAEEL A & LTS EDEE
T T L OISR & IEF 2 M o TR R O
bl A Fig. 13 1233, #EAIE F TR 22 & LG
FIRRREDEA 2R LTV D, o T, U—F
Ay a—r—2ADENRCE LT, EIEHE
FUTIE, KEEE LTLPNERR 2 AE 24
THONEY) EBbhs, V—F A va—r—
AT, BENOBER—SUIMNTIm AL, FE
B O ZVNBEEDSHE N2, A E B I
JEBT 2 L0 bEET BN, Rz
I 2mEN L ORNICHIERRIVIAE 20 O
LS. B, Efitet=y FOT 7 ThH

®Reach-in a, no gap A Reach-in a, with gap

OReach-in b, no gap x Reach-in b, with gap

O No gap (square space) A With gap (square space)
° 50 —
E= excluding checkout area
- = D
& 'E 40 |i from floor area
5 & o.
S <= 30
g o Q >A<
o 2 A
SE 2
¥ .
FEO R

O H

0.004 0.005 0.006 0.007 0.008 0.009
M/A (kg/m?)
Fig. 13 Reach-in refrigerated display cabinet
excluding cash resister from store floor area

® Horizontal, no gap A Horizontal, with gap
O No gap (square space) A With gap (square space)
100
GE,) Q
=E 80 ~
1 2
= £ 60
S <
L .2 40 =
R e
E g 20 # . including checkout area ||
< .= in floor area '
0.004 0.005 0.006 0.007 0.008 0.009
M/A (kg/m?)

Fig. 14 Horizontal refrigerated display cabinet
including cash resister from store floor area

JRAIA INTERNATIONAL SYMPOSIUM 2021
Copyright © JRAIA

AR L2 ad, WIS IESNICIEB IS N D
=9, RS LTLYPRLEOTEEM AT
DONHEYITH 5.

Wiz, VY a—r—AZBWT, EIEHETT
NDOLVIYRNLEOTRKHEEEZ A & LIS EDOHE
JEEE 7V OFFMTRE R & IE T 22T O fRMT RS SR
DA Fig. 14 123, BERIE G TE 220 & 5
T IFRBEOBRZ R L TWD. #E-oT, FE
¥ a —r— AU AVIZB LT, FEEAT
FOTIIREEE L TLULYN GG D%
THOREY L b, By g — 7 — AT,
IRA VRS 4 28R TH Y, BB EFEIC
LB L L PNIZBIILAALTE b D L b s.

INHDORERNG, KRIZV—FA v a—7r
— ZDENTZWVICB W T it t=>y hD 7
7 UV TCIRA VR AR L 220G 0k, LUN
ERWIEZIREREE T & THD. Lrl, #F
ZIBWT, IR — LB E L7252 v
DT, VAITEARAL N ROZEHKETIE, JE
HOLYNLEOEE KRS T 5.

6. F&Lo

A3 AR LNy a —r—ADY 27
THEAAV NEITH DL, V—F A v a—r
— ARG Y 3 — o — 2 ORI 2O T %
TV, LT ORI RLE 1572

Q) V=FA rva—r—20ERNRFEL, WA
W& D BERBIIC & - THEAMZ ST AT RIS 23
AR E A, B = b OJEE K UK g & 28
LEETH, wHRZEMARRE O & KT E £ D
D72V A3 BT, RO A AN LR C
boTh, AR E KIENFETIEES IS
HRICEDAREMENH D, L L, IEC HIKE TIL,
BEBABHAG N B 5 73 LAPNIT K & 70 Al RIS A2 Rl
INTH, AEITAERES NN E RSN T
LES.

(2) Y a—r— A0k L= MRZWT
1%, JE B % Colbourne & DFERNLL FIc$ 5 & 7]
SERIADRY (AR



() EMZEMIZBNT, V—F A v va—Fr—2A
OENIVUCBE L, BN T I —7 8, B
=y bR EA MR AT R B OY
R PR ZERMAFE DU A B LTz, 72, F
W a—r— 2D =y MREUZEL,
Feffaan T = v 0 BRI D RE O R BRISGHKGE FE ]
e O aIRZE AR DUl A U 7.
(4) v a—r— AT~ =y F2 b DI
ZWNTBWT, I WVEENRLRVIES 25T
b AR ZE IR ZERE DB SR E B KIX 72 Do T
W T, MARNEEDR2ETORAWEZEL
TEKEREHATOINERS D, £12, VA7
T A A M, 4 A EIRIO RO AR ZE R R
ZERE A FAVTIT O A, ZOREICKE 2R8I
RN ED o T

(6) F7 L FBREAEDKED Y —F A L a—r~
— Z DAL Y g — 7 — A Oltfias
=y MRNWOITZITo 7ok R, ave=x
VAR NT OKEE 84.7m2 TiX, K7 L TERMH
DREND 72, BEPAZERII3E L TR D 7212
REMHLTY A TEAAL F&2ITo>THR
BIRNZ EN o Tz,

(6) 2= AR NTEIEHEZEE LR A
WRNT 24TV, U —F A g —r—ADEN
RN CEEfES 2=y hD 7 7 T2 B#R L
TR Oy a — 7 — A DEig1 = k
RALOEEIL, VYNEGO L REREE L,
U —FA g —~—ADENIRILCERE s
=y DT 7 U TCHEERIE L WG EIT LY
NEBRWEZ IREFEE T2 0N THh 5 =
Emghroto. L L, sl CIIREE A — L
TN LW, VAT EARX L N ROVEE
B CIREEO L NS & O T E % R & 9
HZEELT.

Ei32

AAFGEIE, BB LBNEHETH D =ZEEH, 4
BT, YT UTF— VAT A, XAF
T2, WXy V7, TEmiE, Y=y,

JRAIA INTERNATIONAL SYMPOSIUM 2021
Copyright © JRAIA

77~ HY A, BLERK UV, —EE
BHBUCH VAT AO{MOFRIZ L » TEE
SNtz Fim, ATH—NE LT, HRERE, (L
MR —EE, JHERER, /NEF OB 226k, B4,
Ui O D T & TAEV . 2 ISR
L EF5.

NOMENCLATURE
A : floor area, m?
Ao : area of air outlet, m?
F : coefficient (safety factor), equal to 0.25
G : LFL, kg/m?
ho : height of centerline of air outlet, m
M : refrigerant amount, kg
0 : air flow rate of outlet air, m3/s
T, : duration of the flammable region, s
Vy : mean flammable volume, m?
w : refrigerant leak rate, kg/s
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