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Table 3.1.1  Physical and flammability properties

of Low-GWP refrigerants®*?: 312
. LFL UFL BV MIE
Refrigerant GWP
[vol%] [vol%] [cm/s] [mJ]
R290
1.8 9.5 38.7 0.246
(Propane)
R717
. 15 28 7.2 21
(Ammonia)
R32 675 13.3 29.3 6.7 15

R1234yf 4 6.2 12.3 1.5

500

3.1.2 RGO AW I 2L — 3
BT B
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LaitE L, FIRGEEBARRE, SURIEE A0 25
EMFTIC L VRN L=, 72, FEfL—Ax
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Fig. 3.1.1 Mechanism of ignition
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DOETFERE LV, BESE U I3EEEA 2 v
7=. FEfANLV—LbLxT7 2 (LIF, RAC.) D
B4 Table 3.1.2 12, EAH~ALF =T 2
(LLF, VRF) OFHHESF1E Table 3.1.3 10 F &
Oz,

Table 3.1.2 Leakage scenarios for RAC.

. Flow
No. Position of Refrigerant Amount rate
leakage [a] [g/min]
1 V¥ig;2?3:§d R32 1000 250
2 ditto R1234yf 1400 350
3 ditto R32 1000 125
4 ditto R1234yf 1400 175
5 ditto R32 1000 1000
6 ditto R1234yf 1400 1400
7 ditto R290 500 125
8 ditto R290 200 50
g  Floor-mounted R32 1000 250
indoor unit
10 ditto R1234yf 1400 350
11 Outdoor unit R32 1000 250
12 ditto R1234yf 1400 350

Table 3.1.3 Leakage scenarios for VRF

Flow  Ventila-

No. Refrigerant Amount rate tion
kol gmy e Ve
1 R32 26.3 10 0 none
2 R1234yf 294 10 0 none
3 R32 26.3 10 0 exist
4 R1234yf 29.4 10 0 exist
5 R32 26.3 10 169 exist
6 R1234yf 294 10 169 exist
7 R32 26.3 10 0—169  exist
8 R1234yf 294 10 0—169  exist
9 R32 26.3 10—0 0 exist
10 R1234yf 294 10—0 0 exist

(1) BERMT =D D O 2\

BEHMT BN O O 2 W IE, 2.8mx2.5mx
24m O/NTREEET AL L. KI5 1.8m
D SITRE & 0.6mx0.24mx0.3m D = PIHEH R
& I 41, 0.6mx0.06m DO X H L 1 L 0 I
2T 5. I 20 5T, IAVWAE T L
IREAHTICEREZEL T IE TS, Fig. 31212
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S, 0.46mx0.045m DR E H L 1 & 0 N
20T 5. BRI 24 5T, IRA VA BRI
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XERNENLLDRAVOREEF LA RT.
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RTUFE I 0.5ms DENDH D . K& 1EIE
#1355 Td 5. Fig. 3.14 [CHEETF L ERT.
LlENE, RT A OHPKORCHE & O] 0 AR
DOBREIEBE L TR0,

4 ELA~ALFT arnbDRAN

VRF ORENLEIZA T 4 ANV—LEHEL,
ZOFEFREFE D ST 6.5mx6.5m T &
27m Th 5. MEORIFHEIZIL VRF 23 1 23
EINTEY, RKEMLADOKE I X
450mmx64.5mm , WVVGAZ O DK E XL ¢370
ThHY, WEHLOERVIAL O L ETENE
TRy s, £, KApmicix-HEn
200mmx200mm OFFR N EHER AR H D, 5
2, BEEIZIZ R BB INTEY, £OTE
W21 1500mmx10mm ORI RSTEET 5. 4
FHITKI 15 T TH Y, RE LA, WAL,
e D, R7 FREMDICEERZER I
TV 5. Fig. 3.1.5 IZ VRF OFHEET /L AR

Fig. 3.1.3
Floor-mounted indoor unit

Fig. 3.1.2 Wall-mounted
indoor unit
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BERMNT N, KiE X BN, EIMEOFHE
# B4 Table 3.1.4 12, VRF OFEH;H % Table
31512k LT, IV - O)ITFRER O KR L 17

ERHOBETHY, ZORXINBY Z7ITH)
o TL 5. LITF, Zha nfBREFZERE & MRS,

Table 3.1.4 Results of calculation for RAC.

Presence time X(VeL*t) Z(VavrL * 1)
[min] [m?® - min] [m®- min]
1 4.01 1.18x1072 0
2 4.01 1.23x1072 0
3 8.01 9.79x10° 0
4 8.01 1.07x1072 0
5 1.03 3.73x10% 0
6 1.05 4.34x107 0
7 1473 7689 7688
8 473 0.258 0.161
9 111 136.83 136.81
10 309 507.82 507.50
11 45 43.01 42.50
12 93 62.54 61.53

Table 3.1.5 Results of calculation for VRF

Presence time X(Vg *t) XZ(VayrL * 1)

[min] [m?®- min] [m®- min]
1 157.85 1.622 0.021
2 176.47 2.152 0
3 157.82 0.831 0.011
4 176.42 0.661 0
5 157.82 0.702 0.014
6 176.41 0.583 0
7 157.82 0.725 0.011
8 176.41 0.592 0
9 8.36 3.14x10% 0
10 10.25 2.14x10° 0
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Fig. 3.1.6 (a) Wall-mounted, R32, 1000 g, 250 g/min
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Fig. 3.1.6 (b) Wall-mounted, R32, 1000 g, 125 g/min
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Fig. 3.1.7 schematic diagram of experimental
apparatus
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Table 3.1.6 Wavenumbers used for quantification

Material Wavenumber[cm™] Corresponding
bond
R32 2947 -CH,-
R1234yf 1356 Cc=C
HF 3877 HF
=3
4
sk
Abs s
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0 s i L _dd
4000 3000 2000 1000 400
Wavenumber [cm-1]
Fig. 3.1.8 Spectrum of R32 (12% in air)
s
al
E
Abs
2
1k
o
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Fig. 3.1.9 Spectrum of R1234yf (5% in air)
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Fig. 3.1.10 Error of calibration (R32)
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Fig. 3.1.11 Error of calibration (R1234yf)
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Fig. 3.1.12 Remain rate of R32 and heater temperature Fig. 3.1.16 Hydrogen fluoride and heater temperature
(dry, total 200ml/min. with air) (R32, dry, total 200ml/min. with air)
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Fig. 3.1.17 Experimental apparatus
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Table 3.1.7 Refrigerant and lubricant oil

Item Test substance

Refrigerant
Lubricant oil

R1234yf, R32
PAG(VG46)

BRERDa T Ly —ORR 0O ANDIRE
1%, RE (N 10mm O 2T v L A5 Ok
Bz W —%—1 T LIEE=Y fo—
Z7—1 THIEI L. a7 L y¥— (o
Tv) e —%—2 THEALEE=Y o
—7 =2 1CkY, REKDOWKADANHRE &
M CIEEEIZ 72 % X 5 il L7z,

FHNE, 27 Ly —o AD O OKIKIE
Ew v —ABEICELY, aryrFryt—HNo
JEF71EE 15 (6045A31 : KISTLER #) 12 L,
TR, W, A VRESET — X1
H— (F—H W 27 2 NR-2000 : KEYENCE
) L TRy aTNER LTz,

il U 7o v 8E & B N Table 3.1.7 IZ/R L7z
ORI, =22  OREER & ITRARE
THE B 2RI R & PR Z2 R b 2 FLYE S
L7z, VO CHO B O airfs s (SVC K
I K D) % Table 3.1.8 IZ/RL7=. PAG



(VGAB) DHELGHZEMAELIX 95 L 72 o 7. EBR T
A—2%, B, RAREOWRK A OA MR
B, A A ViR, mE S L.

FBR 1 135K &R ORAREICBIT 5 H
O KRBEZ T~ 255 T, FBREIEIE Table
3.1.9 (TR HPH T T o 2. Wi & E
FZEPREL & 72 % KO IZERGE L T2, [Bl#545 500rpm
OEE, BlERZER LAY O #% 100 &5 &,
%A 60~120 [ (L S HTHEDE D, W,
DB AP~

FBR 2 1T ER 1 2B E %, 225 & ik R1234yf
EEMEH ORA R OYE T, EBR S 1X Table
3.1.10 TR L7, MRPEEITZE VTR & i &
OFC & 0 MR T L7, Table 3.1.10 D7y
DRI EFHED 2~9 E|OFPHIZH - 5.

FEBR 3 13Z2K L I R32 LM OIR AR
DA T, FEBRSEMIT Table 3111 ISR Lz,
i R32 O EIT AT ED 3~9 Fhi=5. 7o
B, FEB 2,3 OFEFMOFEITEER R e
HEIITHERELL.

TR, PrEOTE, WRAICBITHRERK
ROFTE DR, BIEE, WSO FTITnT
— X EINER LT

>

Table 3.1.8 CHO component analysis of oil

PAG(VG46) mass%
C 61.7
H 10.5
0 26.2

Table 3.1.9 Conditions of experiment 1

Air-oil mixing gas

Rotational speed [rpm] 500~1500
Air flow rate [I/min] 6.3~18.8
Inlet air temperature [*C] 25~300

Oil flow rate [I/min] (5.1~25.7)x10™

Table 3.1.10 Conditions of experiment 2

Air-R1234yf-oil mixing gas

Rotational speed [rpm] 500~1000
Total flow rate [I/min] 6.3~12.5

Inlet mixture gas temperature ['C] 260
R1234yf flow rate [I/min] 25~125
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Table 3.1.11 Conditions of experiment 3

Air-R32-oil mixing gas

Rotational speed [rpm] 500~1250

Total flow rate [I/min] 6.3~15.6
Inlet mixture gas temperature ['C] 260

R32 flow rate [I/min] 5~14.1
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A D HUBIEIZ L0 Il L7,
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Fig. 3.18 Pressure changes for 500ppm
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FHe— bRy 72HNT Ry 7oA URBRER
Tz 328 I Fr v 7 A U RBOERE R
T K0 B AR ER AR 2228 50°C 22 6
75°C D4, HFO-1234ze(2)I12t: LT, HFO-
1234ze(E)»% COP I L UOMMEEE I 32 &8
3D, & 512, HF0-1234ze(E)IC HFC-32 %
5mass%iR T % Z &2k - T, COP, M#EfE
DTN HELHETEX D ENDND. ok, X
& 0 INEEE ) AR WG A 1L HFO-1234ze(Z) D
COP [X@EVMEL & 278, IEGE DO E & b
IZ COP [FAMICIKETT 5. T &I,
HFO-1234ze(Z) 13 ke g 2R IR L 23 L 0 iR o
BOOEESEAL LTHEL WD I E 2R L
T3,

3252 ZEMTZEMICE LZ K GWP IRA W
BEOZER

WEAREEIE, ZERSNZEampicoE L7218 GWP iR
AWBEOYERO T4 & LT, ABIFRMZETIX
—WEAEE £ THEMi L7- NEDO S FEhfsE oz
A AR LT, KEYRE — FARTE2HAW
T 2 W IRA I HFO-1234ze(E)/HFC-32 @ K
vy A iRER A A L, AR Y 50/50massYo
P52 IR A Wik HFO-1234ze(E)/HFC-32
1% HFC-410A OREERMmEE & L CTHEHIRIRETH 5
TLEMER L. LLAERD, ZORAH
1% HFO-1234ze(E) D'E 8453278 50%LL T & 72 5%
L, GWP fl72% 340 Ll EE725. 22T,
HFO-1234ze(E)/HFC-32 % 2 IR A IEIC &
HIZH 3y & LT CO2 2N L 7miiEic o
UWNTET ) ROV REMRNT A2 1T\, GWP 23 300 LA

28

# 323 Fuy 7o iR BROBRIR S

Water Temp. Cond. ['C] 075
Eva. 45539
Degree of superheat K] 3
Heat transfer rate [kW] 1.2~2.4
T
R1234ze(E) o)
R1234ze(Z) A
R1234ze(E)/R32 (95/5mass%) M i
o A D o
S o
%a P “ ° o 0o 4 -
O A
A
5 A i
Il Il L Il
1 15 2 25
Q [kw]
328 Fwmy A L aBROMR
# 324 FHESM
Condensation Temperature ['C] 30
Degree of Subcool [K] 0
Evaporation Temperature [°C]
Degree of Superheat K] 3
Efficiency of Compressor [-] 0.85
# 325 HAROBEE S
Condition A B
GWP < 300 <200
Temperature glide < 10K < 15K
\Volumetric capacity ratio >0.8
COP ratio >1.0
LR DRt AERE LT

AAEEL, WEAEEICHE X, HFO-1234ze(E)/
HFC-32/CO2 @ 3 i/ iRG WmIEIZ >\ T, &
324 IATHERMEOL LICE— MR TY
A 7 NV OBI I FRIVERRAT 2 LD THT o 72, &
LT, # 3.25 [TRTHAUE ORESIFITHESN
T, GWP {2 300 5 & 72 2R G W H A

(HFO-1234ze(E)/HFC-32/CO2 : 53/43/4 mass%)
BELU GWP fE2S 200 55 & 72 HiIRE ML B

(HFO-1234ze(E)/ HFC-32/CO2 : 62/29/9 mass%)



FIEE L.

¥ 3.2.9 (i ERE R A2~ 7. KHPI2iX, GWP
AFENOWBLIRE 3T~V (A2 I 2 IR
Z4k), HFC-410A IZxf¥ % COP fbis LI
HFC-410A (Zxt3 2 KFERE) LA R LT 5.
K OAREIR L OVFHINZNEIVUREHBIEEA R
OB THA.

326 £&0

AR TIX, SRS L 7= NEDO 2R %t D
—HEEA LT, SFEEETOMEICLY
HFO-1234ze(Z) D# EHE A1, BRBEM: 36 K Ok
(BT B AR IMEE NS N E ol £,
BRI K OMEOMEE S A S D 2T e o
. A%kiE, BELE RORS G
HFO-1234ze(E)/HFC-32/CO2 Z H.lr & L T, By
PERIE, (REVRFERERE KOV 1 7 LM RE RN
EEETDHTETHD.

29

R1234ze(E)

GWP

COP ratio

Temp. glide —_—

Vol. capacity ratio. ————-

3.2.9

RS L R R R

R32



38— 3. MARRERKFDEH

~EBWFUFITE DU A2L BED T4 DAL N —R R~

SHKRE, ZElES
AR RERKE
331 FLHIZ

HERBREE (R E DB G, FREFHZEERC
GWP (MhERIEAZE(LA%%K : Global Warming Potential)
D/NS WA SR L L 5 LT 28 3R
JER-STWD. K, K GWP BB pEkm itz
RTZRNVF—MICRLEETH DT, kit
EHLTNS. LE-> TR GWP Sl D 5EE
ZE R~ OBA DT OITIE, EBRTEZY 9 5
BT U A U2, T o AN — RRE
ZEESNZY 2R 7 NN L 725

AT ERROERICIESE, R

il S Tz ZE RS O F 0 U A2 EE L

ZHICESNE T ¢ D h Y — REMA B &
LC, —HOMREEEmL TWD. 2T, #
PRUE Y A 7 G712 Citiim LIE L7 4 DD
BT HTONT, AL BHED T 4 DN
P R % FEBRIIZFHM L7 R oW Tk % .

332 MELLFH TV A

3321 U4 #1

A2L AP LT ZEaibk R &, AT 7
—H =GR =T O, %
A7 22 ClRIFERE ) L7258 07 4 A
P— REFHMT5 2 & & L-. FMESEE & LT,
FEN ORI BED 5 K K RASTRRAE, B4
A (HF) AR ER L.

3322 FUAF #2

Pt « AT F o REDIEEZEIZIBNT,
A2L ISR L7237 T C, MR DL oD
DI DE T 7 A X —%EH LIZGED 7 ¢
CHNANP— RERMET D L& L. 2oy
U ATIE, HKAREMEZH S oS Tl L
T OWGEFEBR AT o 7.

3323 ¥ UAF #3

Bl S| U B dh— LR, B DNk L 7- 45
B LT, TS D A2L BB L 73

30

VATLIFE BWORATLIZEH

BDOT 4 VAN — REFHETHZ L & L.

i, EEAETIEERO R ST, FIIE s —
=7 ay LS DR SR — A TOHE R Y

I FRDlr —ANRE 2 bNDLERLT VA TH
L. ZOYF VAT, AIBRERDS oI
READ0, FTz, AR E KIRDMFAE L
A, BEBIZY Yy MAREKT 20 ED
WZOWTHRET L=,

3324 FUF #4

B ZAXS B D K 5 Zph—Ee R - AT
VARERNT, ISR LG E 0T 4 UL
NP—REFMT S e Lz, 2Oy F AT
1%, B R T T AN DRI D 35 K F BT
%AH LT

333 T UA #1l OEH

3331 A=

FHUAHL TIE, LTFD2 2087+ 4%
BRIE L, KRAGHEZEN K OVRBEA SRRt & R~
7=,

@ V7T UA A BEESRAEHL TWHE
IS, ZERRRERS/ O AL IRBEANRIR L 7= 5A

(b) V7 F U A B A2L SN < R L T2 =R
W, BBESRZEES TG4

3332 F

FEBRIEE OPE & Fig. 3.3.1 12T, FEBRSIT—
i1 2800 mm DOSLHARIZIR T, 4 B fDJFFEZER O
KFECHYS T 5. HHIRO 6 B Hzeigsz, 4T
700mm, {RIEEEDS S 1400 mm ONEICRE H L O
OHILNED KO IR E L. S 7 a2 K
PRIVIZEAS 6.35 mm DA 1 OB, 2 228
Fa—TEFHALT, ZEFEOER N 2@ LT
BEA R ST, R BARER CIIEsMEI TR E Y
T, ZEFIEEROME D T SNSRI MRBERFE: &
OVBRIBEAE R 3 AR R L R E BB DN T DA
L7z



2800

L—— Air Conditioning System
@
] ©)
0
o~
o
=1
- (g
Ng 1400
~N
©)
< o
@ 2
o -
]
— @ ©.
o
54 CCD Camera ~|

Heating System Unit: mm

@ concentration measuring position

Fig. 3.3.1 Schematic diagram of experimental
setup on Scenario #1.
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Fig.3.3.2 Time history of the refrigerant concentration and HF concentration at the front of the heating system.
Heating system: Fan Heater, Refrigerant: R32, Capacity of the experiment room: 22 m?
(@ Air conditioning system non-operated  (b) Air conditioning system operated
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Fig. 3.3.3 Comparison of HF concentration with the leak rate and operation of air conditioning system.
(@) using aradiation stove (b) using a fan heater
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Fig. 3.4.1.1 Wide variations of published E;,
values for flammable refrigerants.

3.4.1.1 {HREEHEOWE

HRIEEEOME X, Table3.4.1.1 (Z/RL7, B
Witk R 5 10 FEOWE 255 s L. =0
PNaRIE, fFn HFC (R-32, HFC-143, R-143a, R-152a,
HFC-254fb) , il HFC (R-1234yf, 1243zf)
F7 vFE R (R290, R-717) , AlAARIR A it

(R-152a/134a (50/50 vol%)) T 5. ZHHITH,

Table 3.4.1.1 Quenching distances of 10

compounds
Name Formula Swomae o dy?,

cm/s  kg/m®  mm

R-290 CsHg 387 121 1.705
R-152a CH3CHF, 236 132 2.33
1243zf CH,=CHCF; 141 140 3.33
HFC-143 CH,FCHF, 131 145 3.58
R-152a/134a  CH;CHF, 11.7 145 4.08
(50/50 vol%) /CH,FCF;
HFC-254fb CF;CH,CH,F 95 1.49 4.83
R-717 NH; 7.2 1.08 7.85
R-143a CH3CF; 7.1 1.46 6.51
R-32 CH,F, 6.7 1.38 7.35
R-1234yf CH,=CFCF; 15 153 225"

a) Values were by DC spark in the horizontal position
of the parallel plates (see Fig. 3.4.1.2).

b) Measured in microgravity (u-g) environment.
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Table 3.4.1.2 Calculated minimum ignition
energies
Name  Syma cCalc. Epin,  calib. Epin,  €Xp. Epin,
cmls mJ? mJ” mJ
R-290 38.7 0.79 0.20 0.2469
R-152a 23.6 20 0.51
R-717 7.2 82 21
R-143a 7.1 48 12
R-32 6.7 59 (15) 159
R-1234yf 1.5 2000 520 <5007

a) Calculated by Eq. (3.4.5).

b) Calibration was performed so that E, of R-32
may become 15 mJ.

c¢) From Lewis and Von Elbe (1987). d) This work.
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Fig. 3.4.1.6 Comparison between calibrated and
experimental values of E ;.
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Fig. 3.4.1.7 Comparison of MIE between our

estimation and experiment by Lewis and von Elbe.
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Fig. 3.4.1.11 d¢ for R-32 measured by circular
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Table 3.4.2.1 Temperature dependence on
flammability limits for typical 2L refrigerants

LU RS RS
TR TIE RS TR
R-717 -0.0086 | -0.0095 | 0.0208 | 0.0189
R32 -0.0070 | -0.0064 | 0.0091 | 0.0133
R143a | -0.0051 | -0.0038 | 0.0080 | 0.0093
R1234yf(d) | -0.0133 | -0.0029 | 0.0102 | 0.0052
R1234yf(w) | -0.0045 | -0.0028 | 0.0098 | 0.0071
R1234 ze(E)| -0.0104 | -0.0029 | 0.0174 | 0.0061
(w)
Z 2T, THMEX, White HICESWT TR

RERERFRIZONWTENLEFNEGE LN
O_KTHELEZMETHS.

100C
L:L%%f p*a—%%
Lo -Q (3.4.10)
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U= u25{1+ P (t—25)}
% (3.4.11)
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Fig. 3.4.2.1 Effect of humidity on flammability
limits of R1234yf and R1234ze(E).
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Table 3.4.2.2
non-flammable refrigerants in the conditions of
60 °C and 50%RH

Flammability  limits  of

L TRRA EPRAY
vol% =+ vol% +
R134a 115 0.3 15.9 04
R410A 15.6 0.2 21.8 04
R410B 16.3 0.3 20.9 0.4
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Fig. 3.4.2.2 Flammability limits for NH;—
R1234yf system.
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Fig. 3.4.3.3 Results of thermal decomposition of
R-1234ze(E). R-1234ze(E)=7.8vol% ( ¢ =1), total
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Fig. 3.5.1 Schematic diagram and pictures of experimental apparatus.
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Fig. 3.5.4 Measured pressure profile for R32
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Fig. 3.5.5 Measured pressure profile for R1234yf (¢
1.2-1.35).
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Fig. 3.5.6 Evaluated flame speed (upper direction
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and side direction for R32 (¢ 0.9-1.2).
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Fig. 3.5.7 Estimated burning velocity for R32.
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Fig. 3.5.8 Estimated burning velocity for R1234yf.
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Fig. 3.5.10 Pressure profile difference between dry
and wet condition (R1234yf, $1.35).

3.5.1.4 JBIETERE R Ko ORI

Table 3.5.1 Summary of evaluated properties for refrigerants.

] Ko Flame speed S¢ Burning veloicty S,
Refrigerant E‘g‘;‘;lz)“t (15 . (100k_f>a m S o St S, Suo Suo
s7) (cms™) (ems™) (ems™) (ems™) (cms™)
0.8 6.5 9.4 - - - 2.87 4.80"
0.9 7 9.2 41.4 39.8-53.3 5.13 4.03 593"
R32 1 7.4 8.1 52.4 51.6-63.1 6.15 5.29 6.55%
1.1 7.6 8.7 586  56.4-63.3 6.76 5.24 6.69°
1.2 7.6 8.9 56.0- 54.4-58.6 6.5 5.38 6.39"
1.2 3.9 1.5 - - - - -
R1234yf 1.275 1 0.6 - - - - -
1.325 6.2 5.6 - - - 1.18 1.625"
1.35 0.2 0.2 - - - - -

a From Ref.3-%10

b From Ref.**', Obtained data under micro-gravity(Syo.yg)-
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Fig. 3.5.11 Illustrative drawing of ASTM E 659
autoignition test equipment.

354 HAREKIEE

B IR KRB (TR BEE I DS KU B U
THN D DIERCK R 72 ENZ L D= H L F—
A2 LICE KT 2 &IRIRE CTH D, A2L2L
IO B ARAE KR & 3l 2 72D, ASTM E
659 FRBRIE 23N - R A FHE LTV 5.
ARFRBRIIA G | KAEIRARR, FTRMEE AR I BE
DRBIETD, AGERIE % ATAE T A0 % 16
L, X DICABIE TIIKS OIFES, fillft s L
THE SN DB BOFIEI L DR EEZFHET 5
TETHS. ¥ 3511 IR TR E TR
1000C £ TOEEEAAHE L TREFL TR Y, &K
EEICEAN - EHTHTPEL RS> TND.
A2L2L I &, MO REA 2 FIE AT A & D
21T 2B CTH 5.

355 F&®

A2L/2L Vol DI FRIE B 7 4 D h L
Y — R & AT o 72, KE RO %
Z W2 TRA R KRR L0 KR AGHRRES
WABEHTE, Ko (5, BIEES) P 72 & 2R L,
E VRN ORI O, BiEY I 2L —
VA v ORbOIRBEE TV, AR KIREICE



L TR 21T o 7o A2L2L IR DR it &

P2 72, o> ATBRIE AT A DRRBEIR E Of%

Table 3.5.2 Comparison of P,.x, Kg and other parameters with other gases.

FRAIPH O L 21T > 72

Flammable P K¢ Burning velocity  Flammability Detonation limits(%)
Material (100kPa) (100kPa-m-s™) (cmes™) limits(%) Cofined tube Unconfined
Acetylene 10.6 1415 166 2.5 80.0" 42 50.0
Hydrogen 68" 550 3127 427507 18.3—58.9
Ethylene 80" 2703607 3321470
Diethyl ether 8.1" 115" 477
Benzene 48" 1.3—7.9" 1.6-5.55
Ethane 7.8" 106" 477 3.0—12.47 2.87—12.20 4.0-92
Propane 79" 100" 46" 2.1—95" 2.57—1.37 3.0-7.0
Butane 8.0" 92" 45" 1.8—8.47 1.98—6.18 2.5-5.2
Ethyl alcohol 7.0" 78" 3.3—19.0" 5.1—9.8
Methanol 75" 75" 56"
Methane 71" 557" 407
Ammonia 547 10" 7.2% 15287
R32 7.6° ! 5 13.3—29.3"
R1234yf 6.2" 1 6.2—123"

*1From Ref. *>% Table E.1 (0.005ft3 sphere; E=10J, normal condition).

*3From Ref. %%, Detonation limits obtained for confined tube.

*5From Ref. 3517
T This work.
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Fig.4.3.1 Risk assessment map

Table 4.3.2 Probability of occurrence of harm

c region: 1 13
Acceptable

0 B A I I A region: 25~30

B region: 14~24
Acceptab\e

Probability of occurrence of harm

Industrial-level product (adoption)

Frequent .
-3 Number of accidents :
consumer goods:10
5 once a year

industrial-level pmduct:10_1

(per 10 units)
(case/unit per year)

Probable
4 consumer goods:1074

industrial-level product:1072
(case/unit per year)

Number of accidents :
once a year
(per 100 units)

Occasional

consumer goods:10”° Number of accidents :

3 _ .
industrial-level product:10 3 134 times a year
(case/unit per year)
Remote
2 consumer goods:10° Number of accidents :
industrial-level product:1074 14 times a year
(case/unit per year)
Improbable
1 consumer goods:ﬂf7 Number of accidents :
industrial-level product:1075 once or twice a year
(case/unit per year)
Incredible
0 consumer goods;:1078 Number of accidents :
industrial-level product:10™® once or twice ten years
(case/unit per year)
Table 4.3.3 Severity of harm
Qualitative .
representation Severity of harm
v Catastrophic Fire of buildings
LIl Critical Fire
I Marginal Fire and ignition of product
1 Negligible Smoke generation of product
0 None No injury
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Wall B: back side

Wall A: right side
Wall D: left side

Wall C: front side

Fig.4.3.3 Air-cooled chiller model for analysis
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Table 4.3.4 Flammability of refrigerants**'0#3-1)

Limit of Burning Mlnl.n?um e
flammability | velocity lgnition Dn°Fu.5|‘on
Refrigerant 43.10) 43.11) e?grﬁy coefficient
\I;:II‘,/: t’;; cm/s mdJ ocm?/s
R32 13.3 | 29.3 6.7 15 0.135
R1234yf 62 | 123 1.5 500 0.075
R1234ze(E)| 7.0 9.5 - - 0.074

4.3.4.4 LRI O fEAT ZEAH

BRI B AR > S IR AME I35 £ TO R
ERRNT L, RIERZERE O IRFE & Frigee i & SR
7. fEMrIL, Table 4.3.6 1Z7Rd 3FEDOATICH

WTC, 77 —A%FEE L, 5.

Table 4.3.5 Weight flow of leak

Case of refrigerant leak

Slow leak Rapid leak Burst leak
R32 1kg/h or less 10kg/h 75 or 200kg/h
Leak Rate R1234yf 0.9kg/h or less 8.9kg/h 67 or 178kg/h
R1234ze(E) | 0.7kg/h or less 7.3kg/h 54 or 145kg/h
It is unknown
Probability of occurrence whether it is Occasional Remote
capable of
detecting
Pinhole, Welded Cracking flare ;Ilpplng—out
- part, " accident from flare
Position of occurrence 5 , Flare welding part I
Brazing part, Cauterization part fitting joint
cauterization part |’ P , Pipe fitting

Table 4.3.6 List of analysis

i Machi i
chiller Case of refrigerant leak achine (Alr‘flowlgm/'s]) Refrigerant
Case| type ke/h] or Ventilation type
(kg) area[m?] | airflow[m®/h]

8

9 75 R32

10

T Burst leak

12

13 , R1234ze(E)

1 water 10 545 R32

2| -cooled 7 22 545 R1234ze(E)

3 9 545 R1234yf
(o] “® | Revid ook |G BRI 0 O RIZ04ze(E)

14 10(R32) 972 R32,

15 7(ze) 6 162 R1234ze,

16 9 (yf) 0 R1234yf

17 1(R32), 3,267 R32,

18 Slow leak | 0.7(ze), 22 545 R1234ze,

19 0.9 (vf) 0 R1234

20 Burst leak 75
ar Slow leak

—cooled

(11.7ke) Burst leak

23 Slow leak
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[ I 1
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refrigerant leak(#2)| |ventilation and detecting instrument

Fig.4.3.4-b Probability of ignition
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