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Risk Assessment Results for Mini-Split Air-Conditioners
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Japanese manufactures pioneered the use of A2L refrigerant with low GWP for residential air conditioners.
However, due to the issue of global warming in recent years, it is desired to convert to smaller GWP refrigerant. Therefore,
the Japan Refrigeration and Air Conditioning Industry Association commenced risk assessment of A3 refrigerant for
residential air conditioners in 2016. In this report, based on the risk scenarios examined for each life stage, the refrigerant

leakage simulation, identification of ignition sources, and planning of countermeasures were described.
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Fig.3 CFD model of balcony

MIOBED NIRRT b D, BEED~XT v
B L LIRVNIAR T U A B AFEET . AL 2
DELGENR B REL 2D70, T2 TIEHMNIART >
ZafGE LTz, Fiz, KEIZIE ¢ 50 mm FREE OHEK
OMRERITOENDN, ITCE-> T, TOEEIHF
DRELRNWZ ERGotziz, Pk T 72
Do dz. BHAMEOBEIEE & L C, i B X 5,
BEMRRE, #F PR BV RED 3 >OLE 2 E L.
AT R290 TR X 200g, 500g, 10009 & L,
WBOR 2 VIR 4 s E Lo, BAHaR O
ZERWGARE L VB~ NT D E L, AR

JRAIA INTERNATIONAL SYMPOSIUM 2021
Copyright © JRAIA

FEIEX R290 73 100 vol% & L 7=.

Fig.4 | ZfRtril a9, & 500 g D=IME A
PRI RRE L7256, Al Rk fse e 13 1900 #4125z
Liz. £/, KX VRESI V&S 0D &, B
FXIE T 1206 Fb, B FRM Y ERIET 939 B & kI
HEGERERI M < Ip o e, — 0, IRIEICERE L7255,
W E % 1000 g 12 LT, R IR ZE ARG,
MR 500 g DAL HEV EZREN -T2, Th
I%, IR 1000 g DG, IRMETEFIC UFL (Upper
Flammability Limit) LA EOREZER N ER SN2
CICERLTCWS B2 OND. B, /T 7
JRECTENET 7 BB L CWH A, mikE
1000 g DIGFEITKE L TD I, iR T/ S 22 Al kI o
BRI HERR ST

4. VROTFERRA VDA
41 YROT7ERRAVFDOTOER

VAT TEARX L MEE, BRICELV TV A%
AIREZRPR Y <RI L, WBHR WIS, R
D22 534 T > 2 ZEEITEEMER, B AR & R
WORREEREREE R CC, HAEREERT

Installation Leakage Amount 2009 500 g 1000 g
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Concentration
distribution
Floor mounted
Duration 776 sec 1900 sec 3546 sec
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Fig. 4 Concentration distribution, the duration and time averaged volume of flammable region within the
balcony for different installation conditions
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Table 1 Potential Indoor Ignition Sources
Types of Ignition Sources | Potential Ignition Sources
Cigarettes during Smoking (including
Lighters), Candles (for Religious
Event and Aromatherapy)
Oil Stoves, Gas Cooktops, Portable
Butane Stoves
High-Temperature Surfaces | Electric Stoves
Charges Static Electricity, Laser Printers
Brush Motors Electric Shavers, Printers
Kotatsu(tables with electric feet
warmers), Electric Stoves, Irons,
Toasters, Hairdryers
Air Purifiers, Dehumidifiers, Vacuum
Relays Cleaners, Dryers, Electric Carpets,
Rice Cookers, Microwave Ovens
Plugging/Unplugging  of  Power
Plugs, ON/OFF of Lighting Switches

Open Flames

Thermostats

Sparks

Others

i, HAEERVED. ZOHFEKENENEOR
T O SN2 MERITHRFTORR 10% & L7z,

FriE LT RFEN O K4 Table 2 (2”7,
RPN DRFE L7 KIRIE, KT =,
FAWMA =7, vy Yy, @iREmE TIEERA b—
7, AR=7TE V==Y o F—, BRI —
N— ERITED, XA N—7, TA4ury, K7
A Y—, ZERIGEHE, R, IRk, E o —
v b, R, BMPRA A vF, ar v ok
XELThoT. ZNHDOEFEKFIZONT, FA47
AZANHEBE LT, &8 KIRORHERERH & 56 4R
BERELL. —F, FESSEBETL I LICX
STEKFIZRORNEHBI LIS DIZE, my Y
7, arvua, REERE, K7 IS8l LR
AT oEES, BIH A A »F D ONIOFF 72 E2v
FTond. ki, HXKEOFEIL NEDO 7'm Y=
7 FOFFERER VB BE L TITo 7.

BEtORER, W 200 g DA ITE KHRN
2.61x10 & 7 7 U LICHFRELL T & 72 o7z,
—J7, WEEED 500 g OEE, RIRREOE KiEE
THRMEEEZ T2, BEXIKRE LT 7 V%
179 2 LI Lo THEKIESRIT 1.32x101 L7020, FF
BAELLN & 7p o7z,

.

|

5.1.2 ENERABOEXNEEROHE

RSN 0 3 KR OB HITIE, 3 BEOH IR
FARDANEN S e oY Wl S L 2T
R L7z, A DRI L 52 R & LT



500 + Tokyo
® Sappoto
430 » Hurume
< Saleai
400 « Kashiwazaki
" ® Aorotl
350 2 0% Sendai
L - Ogaka
—_ 30 W ‘:—'_;::.. Toyonaka
& 250 4 it * Naha
g 'f..'.\( s ..I::".»-:Q Haka?‘a_.
g 200 g .“.; At Hachioji
P ) 2t o+ Fuctm
150 o A Fukuoka
oy o uf\'f v ."‘o.’.,. Toyohashi
100 4 g ——ra i T % | Nerima
e o.' . ‘"—vi',r Z *
50 -.; ,:“' e
T +
0 . "
L e A o1 on

Wind verocity [m's]

Fig.6 The appearance time length of each wind

velocity in

16 cities in Japan

JRAIA INTERNATIONAL SYMPOSIUM 2021
Copyright © JRAIA

X, RTUHOBETORM, BRRRENEZ LR
. ZDobh, EAEOREMTIE, EE, HARDE
WIRWTED, ZNNEKMERIIKREREEE L5 2
%. Fig. 6 (2 HARDOREH T I 1T 2 45 JBIH D 4 [H]
BRBEARKMZ T, SHIKICL > TEL2&1TH
5H00, BB L#F 1.0 m/sec 7»5 2.0 m/sec DD
BAEBERE. ZOT—20b, BREORKER
FEIX, 0.3m/s LL 23 25%, 0.3m/s & 0.5m/s LL A3
2.3%, 0.5m/s #8728 95.2 % T -7-. JAE 0.3 m/s,
0.5 m/s DEFOBIERZ VY 2 2 L—3 3 U HITW,
JEGE 0.3m/s BLF (0m/s TftF) , 0.3~05m/s (0.3
m/s TIRFE) , 05m/s#E (0.5m/s TRE) DRDE
KR 2T NETREHL, ZnooMEFEHE LT

Table 2 Identification of Ignition Sources
Height of Presence of Ignition or No
Flammable Space Ignition
Types of Ignition . . Heights of Ignition durin durin
P Sourc%s Potential Ignition Sources ) Sourcegs oper(ation/gs]top) oper(ation/gs]top)
Refrigera | Refrigera | Refrigera | Refrigera
nt200g | nt500g | nt200g | nt500g
Cigarettes 155 cm | Standing No/Yes* | Yes/Yes*
65 cm Seated No/Yes* | No/Yes*
Candles for Religious Event | 74-130 cm No/Yes* | No/Yes*
40-50 cm | Bedside No/Yes* | No/Yes*
Open Flames Aroma Candles 70 cm Wﬁ%w No/Yes* | No/Yes*
Qil Stoves 20-35cm No/No | No/Yes
Gas Cooktops 80-90 cm No/No | No/No
80-90 cm | Kitchen No/No | No/No
Portable Butane Stoves 40 cm Living No/No | No/No
Room
High-Temperature Electric Stoves 30 cm or No/No | No/Yes
Surfaces less
Charges Doorknobs (Stat?c Electricity) [90-130 cm No/No | No/No
Laser Printers 74-150 cm No/No | No/Yes
Brush . 155 cm | Standing /%)Z)%% m /%)E:)é%m No/Yes* | Yes/Yes*
Motors Electric Shavers 65cm | Seated AUEM RS20 M F0/Yes™ | No/Yes*™
Kotatsu(tables vv_|th electric feet | 30 cm or No/No | No/ves
Thermostat warmers), Electric Stoves, Irons less
s Toasters 80-104 cm _ No/Yes* | No/Yes*
Hairdryers 180 cm | Standing No/Yes* | Yes/Yes*
Spark 55 cm Seated No/Yes* | No/Yes*
Air Purifiers, Dehumidifiers, 30 om or
Vacuum Cleaners, Electric No/No | No/Yes
less
Relays Carpets
Microwave Ovens 80-104 cm No/Yes* | No/Yes*
Rice Cookers 50-100 cm No/Yes* | No/Yes*
Plugging/Unplugging of Power | 25 cm or No/No | No/Yes
Plugs less
Others 110-120
ON/OFF of Lighting Switches cm No/Yes* | No/Yes*
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Table 3 Ignition probability of usage
tolerable value; 1x10%0)

Refrigerant R290 with countermeasure | R32
Category Mini-split AC (wall mounted)
Refrigerant 200 g 500 g 1000 g
amount
Usage (indoor) 2.61x101! 1.32x101! | 1.68x10%3
Usage (outdoor) | 7.03x104 1.15x1011 | 1.38x10%
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Separation of
indoor unit and
outdoor unit

Disassembly at the - ot
recycling center ransportation

Fig. 7 Flow of disposal

down or safe

Refrigerant pump »
refrigerant release
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Z OMEBEEREMEOA LRRICH LT, VAT E
A AL NTIE, Fig. 7 ICREHRTTRT R I H D
ROEINE L ESMEDBEFE AT O MEEE LM
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5.2.5 BUEXRT—COENR

FNEEAT—VTOF I AZMEL, HAEE
FhH U 72, 72055 KIR O Refe s ] & 38 /E R 4% Table
4 TR T. BAEERT — U TOIEO 5 KR I EE
FRELRE. 72720, BN TOMEERHNCIIEET L

Table 4 Ignition sources of work

Ignition source Motion | Number of remarks
time (s) | motions
(times/day)

Number of smokers 1 / person / h,

Common; | : lighter ignition 5 seconds,
OINETSOTal 4.5<10' - time/h  yopcoo red fire 40 seconds,
smoking rate 28.2%

Transport (wagon car) 2 hours, 2 workers
Key after rubbing the seat,
door contact 3 times / person,
time/person After undressing key,

door contact 1 time / person

Static electricity 4
(contact of key and 1.0x106
door handle)
Storage

(small warehouse)
il stove

2 hours, 2 workers, 15 m?

Usage period 120 days / year.
0l stove usage rate 25%
1 hours, 1 workers

3.6x10° 2

Install, repair, removal
Ignition source
during use

live-line working 5.0x10%  1time/h

See “lgnition source during use”

Occurrence rate of forgetting

to check breaker / energization 10+
Attaching and detaching screws.
Incidence 50%

Removal and installation 2times

electric screwdriver 3.0 2
Brazing burner 1.2x102 2
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BAETDE L. RERIZITAMA =7 21T
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5.2.6 BUERRAT—COBEREEOHARY
REWE

FAFERAT —V OFKMEFREZRIL L. #5%, 7F
PEZBZ 2720, BERERE Lz, AlRIES
BEDFE KON TOHBITMZ, Wik - (REAT
— YTl Table5 4%, #art, &8, MEAT

Table 5 Safety measure for transportation and storage
| Safety measure |[Method  _____ ________[Procedure |

Label for fire A fire caution label is displayed on All

attention the air-conditioned outdoor unit. procedure
Elimination of Education to eliminate ignition sources  Storage for
ignition sources in the same room in the warehouse warehouse
according to guidelines etc.
Use of portable Regulations for ensuring ventilation, Transportat
leak detector reducing the refrigerant concentration, ion by
and carrying and using a portable leak wagon car
detector by opening windows when
a refrigerant leak occurs.
Measures to In order to prevent discharge ignition Transportat

prevent by a charged human body, a metal ion by
CERGIEIOLIE LI start key is insulated, or a discharge wagon car
FEORTUNIRUCKEIM plate is installed near the key cylinder

on the vehicle body.

Table 6 Safety measure for installation, repair and removal

Safoly measure [Mathod

If refrigerant leaks during work, the
combustible area is reduced by ensuring
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.

Prohibition of using a brush motor type
electric screwdriver that is an ignition
source

Use of portable leak
detector

Wearing work gloves
against static
electricity

Prohibition of using
brush motor type
electric screwdriver

Table 7 Ignition probability of working with countermeasures
(tolerable value; 1x107°)

REHIEIET A ) R32
countermeasures

Category Mini-split AC (Wall mount)

Refrigerant amount 2009 5009 1000g

Logis- Warehouse 5.1 X103 1.1 X 1010 2.3X 1014
tics Van 8.9 X 101t 1.8 X 1010 5.1 X 1013
i 1.2X 102 19X 1010 3.9 X 1024
Installation
out 85X 102 45X 101 2.7 X 1015
Service/Rep  in 2.7X10%5 42X 10712 1.9 X 107
air out 26X1010  26X10%° 20X 1012
in 2.7X107%2  1.3X10%2 2.2 X 1016
Removal
out 92X 10  2.3X10%2 4.7 X 1015
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