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WSR2 Gt PyT M, BORARRIE, fIFEE N O ERONEEITR-7-. PyTHE, ffmAs/TE
KOG SRE T OREICH W 2EE % Fig. 2.1.1-1 12, & LTI L, BRI K OGS E OREICH

VW REfE A Fig. 2.1.1-2 1ORT 1D |

Fig.2.1.1-1 Experimental apparatus for Pv7T property
measurements.

A: pressure vessel, B: pressure transducer, C: pressure
indicator,

D: 25 Q standard platinum resistance thermometer,

E: thermometer bridge, F: digital multimeter, G: PID
controller,

H: voltage transformer, | heater, J: stirrer, K: AC power supply.

Fig.2.1.1-2 Experimental apparatus for vapor-liquid
coexistence curve measurements. A: optical cell, B:
expansion vessel,

C: supplying vessel, D1, D2: 25 Q standard platinum
resistance thermometer, E1, E2: thermometer bridge, F:
digital multimeter,

G: PID controller, H1, H2: voltage transformer, |1, 12: heater,

J: stirrer, K: computer.

Fig.2.1.1-1 |\Z7R 3 PyvT PEERIEREE ClE, FTNEREE FaNCHE Lz AT v U ARE RN,
RELEWEEICRD X)) ICHBE LZEEOREHE 2 ET 5. ZOENRiE S EE & i
EERGEL, BREDONRTY X%l mK DNICHIBI L7723 U a4 A Va2 R &3 D IIREERICR L,
JESID/RT Y X%+ kPa INICR A E CRESH-OHDIENZRET 5. WEREIL, 25Q EYER S
PRBTHRER & ZRHNR Y » P TITy, ITS90 [ZHERL L CHIHT 5, sEHER X, REtoFmEE & &,
REIC X DB EZIT o I E IR ONEREN RN TE 5. JENHEIE, BEEROREMEEZITo 7
JEN o CHIEL, JESE Y ORBEERGHE S FANIKRIEL Th 5. JEDORHENZIL, HBiEoFHE
RNEERIC X > THE T OIS 523, IBEORIEARMEN SI1ZE10mK LA, JE) ORIEAMED X 13+1 kPa
VI, BEORIEAHEN SITH0.15%UN EHEE L-. £/, BRSO EEOMBRICE L T, TEEEOEL
THHL, 1mg ETONMREEZFF OB T RIEZEM LT, RIS 13£0.05% N EHEE LT-.

Fig. 2.1.1-2 1%, A=A ZADOHEHE WIR CEEEEIE L CRMEE LR EREZRET H2EETHD
TEEARKIL, A=AHAOBEEITI DI, Ly 7 AROM & BE R T 72 A, sUEH 2 P17
T 5L EIEAT RBMNERS, T L THEBARNOEEZZLIED & ESITHWDIRRRD
3 SOMFEIBIE R EMAE DY, EEHEOLICHE LTS, 3 DORWEHEH> ZLicky, —&
OREFHAT, i@ 8 N E TOREMNT O Z ENTE L. REOTHENE S TIXRWIRA BB ORIES,
RHARA LD L 5 IZFUEHMILE BIZIR Y 235 2 E ORI EITITD THRN 2 HiETh 5H. ZOHEEICE
T BIEEERIE S 25Q Y[ S RPUHIEAR TITV, B oFEEE L, BECI2BWEEZIT-723 20
JENRZRONERO L EEITEET 5. ZOREEIIIESRIERDRE SN TWRWO T, JiRO Fig.
2.1.1-1 &R L7 PvT WRERIEEE ZHWT, BEREDRIEIITR > T0Wd. AERBEITZENLZENOS
BRECHLE TR, LT, IREOHEREIXL10mK BIN, % EORIERE13£0.15%~0.2%LL
PIZILD TV A, FRICEEICEI L T, BRDOBEIC BT 5D T, TRENOREME T & IR HED
SFRARDZ LIRS,



2.1.1.2 R ELEE-—SERTES K

AR 2 X5 & UToARBIZE TlE, msidkiE & L CoMERREIT Tl <, HIBKEREEREX R & LT
I JEEAR S (ODP)E L OMIERIERE (LIRS (GWP) OEIEIC LIEE 2> TITHY BERH 5. 77,
R ZED TO<HIET, THBHUMMT S, BB, ABMEOS, IREMEOEGHS 2 & o mtE
BHEALTH, WHAMBOBIICKNIEL RDBERENH L Z Lo TE. b, MO ANFHE
bREQBEENTHD Z LML, FHEELBITT L 5FMTHRE LIWBEHT Table2.1.1-1 (2 &
Db D Lol

Table 2.1.1-1  List of measured refrigerants/blends.

Year Refrigerants/Blends GWP Ref.
HFO1336mzz(E) 16 3,4
2018 HCFO1224yd(Z) 1 56
R455A 151 7
HFC32/HFO1123/HFO1234yf [21.2/59.5/19.3 mass%)] 150 to be presented
HFC32/HFO1123/HFO1234yf [21.2/40.3/38.5 mass%)] 150 to be presented
2019 HFC32/HFO1123[additional experiment] — 8
HFO1123[additional experiment] 1 9
R465A 148 7
CFal 5 10, 11, 12
HFC32/CFsl [50/50 mass%] 355 13,14
2020 HFC32/CFsl [50/50 mol%)] 152 13,14
HFO1123/CFsl [50/50 mass%] 25 15
HFO1123/CF3l [50/50 mol%] 3.5 15
HC290/HFO1234yf [50/50 mass%)] 1 16
HFC32/HFO1123/CFsl [22/73/5 mass%) 155 to be presented
HFC32/HFO1123/CFsl [22/68/10 mass%] 156 to be presented
2021 HFC32/HFO1123/CFsl [30/65/5 mass%o) 212 to be presented
HFC32/HFC125/CF3l [49/11.5/39.5 mass%)] 744 7,11
HFC125/CFal [50/50 mass%] 1728 14
HFO1123/HC290 [80/20 mass%)] 1 to be presented
HFO1123/HC290/HFO1234yf [48/12/40 mass%] 1 to be presented
2022 HFO1123/HC290/HFO1234yf [32/8/60 mass%] 1 to be presented
HFC32/HFO1336mzz(E) [40/60 mass%] 270 ongoing
HFO1234yf/HFO1336mzz(E) [40/60 mass%] 1 ongoing
HFO1234ze(E)/HFO1336mzz(E) [40/60 mass%] 1 ongoing

Table 2.1.1-1 D 3CHK (Ref) (12BN T, BEICFEREERSTUTIM L TAR LIEERE R LI, £z, Zh
HUAMZ, K7a 7 LA LAR— O 2018 FLEERR (FIFE) 226 2021 FERR RIFE) 126, BRI
BALTWD, AT, FFCRAHOERZ FICERD EEHDH LI LTEOT, BEOIL 7'u
TJUVALVR—=FEBZBICLTWEEE TN, 2B, RAEHRICEA L T, £7 —Z OFEFIAKNTE
RVNDT, RLR— N THAET —Z 0BT THiu,



2.1.1.3 CR] ZRNAKICEL SHNRESAEDORAFHEE

CFsl % R miic & de 3 sl RIBA I OB ) FHE 2 5+ 2 72 D12iX, HT 5 2 o RIS
WIEOB S W E 2 FHATICFE Ml L TR SERNDH L. SEASHLEEZ T IR RBEBAGEIL,
HFEC32/HFO1123/CF:l iR A1, KX R466A & L TD R F5 kD ASHRAE KZE STV % HFC32/
HFCI125/CF:1 {RAWEEIZ/2 2 DT, ®BRLE L TEZTENRITIIEWN T 220 2 o RIES W BT,
HFC32/HFO1123 {& &%, HFC32/CF1IRA @ E, HFO1123/CFsl AW, HFC125/CFsl JRA W,
% LC HFC32/HFCI125 IRAHETH L. ZOF T, HFC32/HFCI2S IREWEIE, R4A10A WEHE &
L7-FEST, T TICBANFAEEICET 2 HEHRNEN SN0 T, FHETE DIEHBIH-> WD, Fi,
HFC32/HFO1123 IB&EIEOE S 1M E L, B NEDO 2= 7 ORI ey =7 MIBW TRl 4
TV, HFC32/CF;l {RA WM OV HFO1123/CFsl {REHEEIZBI LTS, 2021 4FEIC/ER LIz e /L
AVAR—RTHI L, Table2.1.1-1 IZF LD ERGHTE L THAREATH D, AL, R4I66A DFF
L & 72 5 7= HFC125/CFsl 2 B RIEA I & 3 il RIB G ML D BRI DWW THET 5.

(1) HFC125/CF3l R A ¥t

2 WAy RIRA VI HFC125/CFSLIZBE LT, #HAkEE 50/50 mass%, JRE 305 K~400K, 77 1214 kPa
~ 6868 kPa, HJE 105 kg m3~1402 kg m> OHPH T P THEZHIE L, 8 KOHBEHRIZIN->T, 14
I O 2 PRI CRE 96 SO FERME 21572, ARG RO PvT HEORIER R4 Fig2.1.1-3 ® PT #X
FIZRd. Tay PAERETHY,  Fig2.1.1-3 WO REFPROP 10.0 7> b FHH S35 S5 i %
ALTWD, FERME S FHRELZ T 5 &, RO RERERZR L TWDLZ LBDND. 20D
JARD 1 20, CFl ORERICH DL D EHEE L TEY, CRl BEOBWMEORENERNTH 5.

HEC125/CEsI O3RN FE DOMIE TIL, #LALE 50/50 mass% T, A = A7 2 DMBEEIZC L 0 fafnRR
BT R, BRI 5 05, BAREEO S ITE 1 AORMEASZ. £, SEEROTTILHIN Y
5 4 R ORIFNE L 2 R Lz, WA E O K7 iR ) OY REFPROP 10.0 7> 5 #H8 S35 &
fEahfr & & big, HIERE % Fig. 2.1.1-4 (2" L7z, Fig. 2.1.1-4 OA L > PO hi#Es3 REFPROP 10.0 7>
b ORIEIAFIAROFH RFE R TH S,  Fig. 2.1.1-3 OEBERIFERIC, ERIE L ORI K& RER s
ELTWDEDNRDMNG. ZOFEENS, Bk REFPROP10.0 OFE TIX, Bt A 7 VEHE RO A
7V OIEEAIZ IS T D R EE O A OGRS b 2 &0 IRES D,

+
R125CF3I[5050] A00 R125+CF3I[50/50]
7000 ,
NHAWA i
6000 o8 f £.5 /o
mj/ O /EE 380 e N\
0
5000 / / iy SRV N
& [ :
¢ 4000 X360 |-fl g
Q ~ TP e
3000 340 / -?f o
W
2000 ir\
- 320 -
1000 ;
300 320 340 360 380 400 ’EJ \ \Eﬁ \
T/K 0 500 1000 1500 2000
-3
—R125 @ p=199 kg/m3 —+— p=1185(REF) p / kg m
o —— p=19%(RER) W p=1307 kgm3 . R125 L Critical Point ® Run_1
dh Ciical Paint @ p=301kg/m3  —— p=1307(REF) . R125  REFPROPI0(5050] © Run 2
| PRRER T eNRED) B p=1e02 kg . CF3 . REFPROPI0[5050] ® Run_3
DP(REF) @ =398 ka/m3 —+— p=1402(REF) -
o p=105 kgim3 —0—2:398(RQEE) ] 2:705 kgim3 CF3l B 50/50_PVT + Tom
—+— p=105(REF) O p=1185 kg/m3 —+— p=705(REF)
Fig. 2.1.1-4 Vapor-liquid coexistence curve of
Fig. 2.1.1-3  PvT property measurements of HFC125/ HFC125/ CF51 [50/50 mass%]. Orange line is the
CF5I [50/50 mass%]. Solid line is the isochores drawn vapor-liquid coexistence curve drawn by REFPROP
by REFPROP 10.0 10.0.

10



HFC125/CFsI[50/50 mass%]iZ 31T DIRA IO N %2, REBRFERICESE, XA =20 ZADHBAL

BROEER S R THIC L DECOEL N OIRE LT, TORESE, T.=353.79 K. P~3815 kPa, p~=705
kg m3 L 72po7, REBREICESNT, Fox ZL—70, 5k 7 v RGO RSB OFBEIC AW T
T HABE DD W TIRGE L7 BESVEBOMBUR A EO R R & Fig. 2.1.1-4 @ Tp#iX LIC b &
Mz T 5.

(2) HFC32/HFC125/CF3l 1BE41
3 Ay RIEA I HFC32/HFC125/CF3l Ti, R466A & LT ASHRAE DOWBIEEE B2 BUE L TV 5 #l

Rl EE 49/11.5/39.5 mass%Z DWW CHIE 1T > 7. i 300 K~400K, Fjj 1690 kPa~ 6715kPa, %% 101
kg m?~1105 kg m? OHFIPHT AT HEEZIEL, 7 ROFEELRITIH > T, 1L O 2 - TRt
79 HOFEREEST-. ARAZD PvT ME ORI EHE R % Fig.2.1.1 5 O PT X LR d. 7oy M
FHRMETH Y, Fig.2.1.1-5 WO EHRIT REFPROP 10.0 2> 5 DFHE S 55 EMR CTH 5. REFPROP 10.0

TlE, REARICEADDIRENNTA—ZOETFHRESNTE LT, HEOGEMEIIMRIETE 2.

HFC32/HFC125/CF31[49/11.5/39.5 mass%] DA FI# B OWPE TIEL, A=A B A OIEHBIEIC L0 fafnzk
KRB S R, BOFNRE L 7 R ORI R A 157, £, FEEROITILHIN U NG 6 R fafng
BB BRTE w_ WERE R, WA WE O KM IAT #ifR M OV REFPROP 10.0 7> 5 38 S 5 KR A7 i
Be L BT Fig. 2.1.1-6 IZ77 L T&H 5. REFPROP 10.0 OfE R, 7o v b TR UIZERFE R & K& A
N D Z LD, HFCI25/CFsl DIRE/NT A — 2 DAL NARTE TE TV WNWZ ERFKE LT
EZ2bND.

HFC32/HFC125/CF3lI [49/11.5/39.5 mass%|IZ 331 DIRA WO A%, A = A1 A OIEWEALE K OV
RE R K DBEODORETD T=351.34 K. P=5295 kPa, p=578 kg m> LIE L7, Z D 345y
RIRAWEEOREREROERE L, 4 F THED 2 ->72. REFPROP 10.0 [Z/R S LTV D EEFERIT
T:=346.28 K, P=5283 kPa, p=569 kg m> TH YV, ERFIREE THK SK, ERSAETIT 12 kPa, ERSERET
9kgm3 DFEWVRH 7.

R466A_REF10default 360 R466A
7000 T
o o
o ?ﬁ I
6000 - ® 350 - Mg .
= /0/( /O j— © . REFPROP 100
- 5000 . D/i 340 ) / *\b&und ry curve
. .
% 4000 g * 7 5/ A i
2
a ] 330}
3000 v /D
R32
2000 B£ S 320 ’
S CFal
1000 310 E//
300 320 340 360 380 400 0 200 400 600 800 10001200
7! p/kgm
—R32 @® r=147[kg/m3 B r=996[kg/m3 R32 " ora R —
Egls o riggﬂ | rfifgé?uE/F)s -+ R32 - CF3l O R466A(PVT)
I{b Critical(Point —0—:;202(RgEr|T:]) —o—:;1105(RgET:1) - R125 Ifl:,'ﬂ Critical Point © R466A(meniscus)
O  r=101kg/m3 O r=904kg/m3 @® r=579kg/m3 + R125 + R466A(REF10)
—+— r=101(REF) —— r=904(REF) —— r=579(REF)

Fig.2.1.1-6  Vapor-liquid coexistence curve of

Fig. 2.1.1-5 PvT property measurements of HFC32/HFC125/CF;1 [49/11.5/39.5 mass%=R466A].
HFC32/HFC125/CFlI [49/11.5/39.5 mass%=R466A]. Orange curve is the coexistence curve drawn by
Solid line is the isochores drawn by REFPROP 10.0. REFPROP 10.0.
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(3) HFC32/HFO1123/CF;l {BA 1

7000 R!32+R1 123+CF31[22/68/10]
6000 ; ; R32 /'
5000 Fé
T
o CFa
= 4000
S
o,
3000
2000
1000
300 320 340 360 380 400
T/K
—R32 o p=92 kg/m3 ©  p=785kg/m3
——R1123 —— p=92(REF) —— p=785(REF)
— CF3l ® p=180kg/m3 ® p=950 kg/m3
qp Critical Point ~—— p=180(REF) —— p=950(REF)

Fig. 2.1.1-7 PvT property measurements of
HFC32/HFO1123/CF3l [22/68/10 mass%].
Solid line is the isochores drawn by REFPROP 10.0.

7000

7000 R32+R1123+CF3I[22/73/05]
6000
5000
©
E ool J
= 4000
",
% ol 1
3000 ,g:é ot
2000 - P
1000 =
300 320 340 360 380 400
T/IK
—R32 <@ p=93kg/m3 @  p=796 kg/m3
—R1123 ——p=03(REF)  —— p=T96(REF)
—CF3l ® p=174kg/m3 @ p=947 kg/m3
&5 Critical Point —— p=174(REF) —— p=047(REF)

Fig. 2.1.1-8 PvT property measurements of
HFC32/HFO1123/CFsl [22/73/5mass%].
Solid line is the isochores drawn by REFPROP 10.0.

R32/R1123/CF31[30/65/5]

6000

'
f R32

i
ol }

;

4000 RL%?

/ -

CF3l

P/ kPa

3000 g
———

"

2000 %

e

1000 =

-

300 320 340 360 380 400
T/K
—R32 o  p=89kg/m3 @ p=735kg/m3
—R1123 ——p=89(REF) —— p=735(REF)
——CF3l ® p=176kg/m3 @ p=891kg/m3
9r Critical Point ——p=176(REF) —+— p=891(REF)

Fig. 2.1.1-9  PvT property measurements of
HFC32/HFO1123/CFsl [30/65/5mass%].
Solid line is the isochores drawn by REFPROP 10.0.




PLRGO NEDO 7'v =7 MIEBWT, AGC FLIC LV BRI 721K GWP Wit HFO1123 % 1 DDfk
il 3% 3 pl Ay RIRA I HFC32/HFO1123/CFsl Z %8412 L C, 3FFEDFEKLL (a) 22/68/10 mass%,
(b) 22/73/5 mass%, (c) 30/65/5 mass%|Z-D\VNT D 3 5y RIBE WD PvT HEORE 21T > 7o, HIE#iHH
%, IREEA IR O AR 400K £ T, H717MPa LA T T, ZRKMISEE R 2 R, WRINSERE IR 2 RS
HFCHEEIToT-. 728, fiROBIRIZT o= N —Z = 50T KA AZHESWTHRIE L.
ZO 3 RIBEEGEICE L TY, Pyl WERIES T TR, BREE L OB EORIEZ1TH =
& SPIEE LT3, HFO1123/CFsl iREWEOWE I, FEESRINEOREHIZERE L, Hl
TELEE (K ENA U D ATREMERN 2720, T 5 Z Loz, OB, BEREL THEERER
ENTWD. ZTDOHIZ, Fig. 2.1.1-7 75 Fig. 2.1.1-9 (BT, B FE EE AT T O R O E M
T&E otz

M OERBMEZ RT 7 0y b &, FEHR TR L7 REFPROP10.0 OFFERE R A, BEICERZIT2\,
B L7 ORGWIE L B L CA D &, RKEEGRTIEHEN LS —HLTWD. BERETRLD L, &
KTH 1% LN, K¥T 0.5 % LINORZEIZI E > TW=. Bk L7z CFsl IRE WO TOREH
HaEE U, Y9, bEVHERBERPFETCE VL0 L FRINTZOER, SEIO 3 SOk E b
12, CEl RNV, KY1E HFC32/HFO1123 @ 2 4y RIBEAHRIEOHBERE ITEFEL TV A D
TRV EHEER LTV 5. HFC32/HFO1123 @ 2 4R IBA B L ClE, H—mlomik NES
WL BT, TTICARFRET — LA TEI)FHEOMELZE TSI TEY 319, FHETE 2 REXL R
BRGA—HZDWRENFZET LTNAEDT, SED LI RFERL Ro-O TR EHER L TV 5.

2.1.1.4 25 %RBEEAIEHF01123/H0290 A 2 EE

2L13Q)YETHIRRZ L 91, NEDO Fu¥=/ b CTIXEFEGE & LT HFO1123 Z#H7-IZBH%E L
7-. HFO1123 (%, ok GWP WM b~ T & ERSEEE 25 Ll <, 27 E & HFC32 (Ziru
WD T, =7 a U AERICE LG LTHIRFTE 5. LL, REEIERBAET D Z LN
NTEY, ZNADREBOBREL >TSS, A7 uV =27 NTHLHRREKRFZTLETHIL—TRY R
I T AR NOFENGHIZEZED TWAD, ZOH T, HFO1123 |2 HC290 ZIRE 5 Z L2, R~
B2 B3 2 5 AR 3 ARF C & D A[REMEDN T & /2. £ ZC HFO1123/HC290 D :REF AN % — gt s
D7, KT N—7"TiX, HFO1123/HC290 {RAMBEOFHMN 2 5 L Tl #ir Z LT o 7.

R1123/R290[80/20]
R1123R290[8020][REFPROPdefault 577kg/m3
7000 577[kg/m3 7000

9lkg/ Z f 403[kg/m3 203[Rg/
! j 9 ¢)
Kg/m 403[Kg/m3
665Ekg/I 3/[ /f (¢} / 203[kg/m3 5000 /./'
;ﬁ 153kg/m
{¢/
153[39/”13 5000 ‘ IQ/(

5000 . I W’
R200
g I[ & 4000 /5}
4000 i R1123 93[Rg/m?
E R1123 4 oskgms QL s —]
o : A —— 3000
3000 ; éﬁééf;},Aa/x;;ff
7 2000 ////,/
2000 //
1000
1000 300 320 340 360 380 400
300 320 340 360 380 400 TIK
TIIIK ——RI1123 © r=153Rg/m3 —— r=577(REF)
——R290 —— r=153(REF) @ r=665kg/m3
——RI1123 © r=153kg/m3 —— r=577(REF) qp CrticalPoint ~ ® r=203kg/m3 —+— r=665(REF)
R290 ——r=153(REF)  ® r=665[kg/m3 O r-93Mg/m3 —— r=203(REF) O r=403kg/m3
I{b Critical(Point ® r=203[Rg/m3 —— r=665(REF) —+— r=93(REF) © r=577Rg/m3 —— r=403(REF)
O r=03Rg/m3 —— r=203(REF) O r=403kg/m3
r=93(REF) O r=577Rkg/m3 r=403(RER) Fig. 2.1.1-11  PvT property measurements of

Fig. 2.1.1-10  PvT property measurements of HFO1123/ HC290 [80/20 mass%]. Solid line is the
HFO1123/ HC290 [80/20 mass%]. Solid line is the isochores drawn by REFPROP 10.0 modified by this
isochores drawn by REFPROP 10.0 project.
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2 ploy RIRE R HFO1123/HC290 (ZBF LTI, AHAKIE 80/20 mass%, % 300 K~4OOK J£77 2013
kPa—~6806 kPa, % 93 kg m>~665 kg m> OHiJH T PTHEEZHEL, 6 KROFEEERIZIH->T, 14
I K O 2 IR OFE CRF 67 RO Z 72, REARICEL TH LN PT HE 0)@ TERE R %,
Fig.2.1.1-10 XU Fig2.1.1-11 ® 2 5@ PT X IR T. 2025077707 vy MIFRILT—# T
HDH, KRN EBERICENRSH D, Fig. 2.1.1-10 TIE, —#%IZ¥E#E LT\ 2% REFPROP 10.0
® default WUZ X DEHERREZ L TEBY, —FHTFig 2.1.1-11 6i HFO1123/HC290 DIRA /3T A —H
ELT, A7uav=s FOBEEYERITET — % %2 VW CTHRE L2 HFO1234yf/HC290 DIRE/XT A —4
R LUFEERERETHD. ARThHIUL, A7r Y=/ FOFEREEZ VT, HFO1123/HC290 HHO
/ ARG A—=ZEPRELCHET2O0HETH 724, RUAR— MEAERE (2022 4 10 AK) 121X MH

EDRNoT. LInLRRG, #EECTHDHIREG/NT A —% % 7= REFPROP 10.0 default ARIZ A~
é &, WRROFETIE, FTRRITOT —% OFBMETm L LTz, #HEEFHREZFH LIRS/ 7
A =R ERWTGETIE, REGEOBEICEI->T, —&HLEZD, =LA77 h &W0) RikEESR
BT DAL, e e LT, ERT —4 _%o“b\f:ﬂ%i‘éﬁ{mﬁ%ﬂi%ﬁﬁﬁfﬁt?%‘é}:b\zé

HF01123/H0290[80/20mass%]wﬁ@%u?%r“ DORE T, A=A T ADIHBEBILNT X0 BIFAKEE 405,
BRI EE 5 05, RO 2 1 SoFEIMEZ S, £/, SBEEROTMN Y 15 5 S0/
%u)?ar“%‘:ﬁ%mbt i R E DR SAF AR & OV REFPROP 10.0 7B atRE S o Kt rmifi s & b
c_, HERER A Fig. 2.1.1-12 (- L7z, Mo FEAOFR)S REFPROP 10.0 default O 5K A7 #i#R O F

BRERTHY, AL Pohi#ay HFO1123/HC290 5212, HFO1234yf/HC290 DIRA/ T A —H ZilEG S
WIFHHEAERTHD. REOINFERT — XTIV EEBZ R L, EINTND I ENDND.

HFO1123/HC290[80/20 mass% iAW B OGS AL, A = AT A DIEBEALE K QR Z 37 ik b
BFEOOETIND T=334914K, P~=4392kPa, p=402kgm3 LiRE L7z, Z D 21y RIBSHE O R E
BOEBHRE LS £ TITHOI TV e, REFPROP 10.0 (2R STV S EREHUL T=332.44 K, P=4353
kPa, p=395kgm> Th VU, EESHREE T 25K, ERFETIT 39kPa, ERFEREET Tkgm? DENRH -7,
Fig. 2.1.1-12 121%, AEAZOEFEEF S FHIE S L TRL TRV,

R1123+R290 [80/20 mass%]
370 Y iy
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350
®  REFPROP 10.0
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REFPROP 10.0 Q\

/
300 j
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Fig. 2.1.1-12 Vapor-liquid coexistence curve of HFO1123/HC290 blends.
Blue coexistence curve is the REFPROP 10.0(default) calculation. Orange
coexistence curve is the REFPROP 10.0 calculation modified by this project.
In this figure, critical locus is also indicated.
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2.1.1.5 SR REAHIE HF01123/HC290/HF01234yf ME K4 E

WS BEDO BT BV TIE, HIBRIBIRILAREL (GWP) DMEWZ E N RDEME L > T0 DR, =
DFEMHLINT G, ZRVEOHENR, PRIEMEOIRHE R b EETH S, 2.1.1.4 HTHTZISFHMBATT > 72 2 AL
G RIEA I HFO1123/HC290 1%, HFO1123 O REHEEUGK R BRI LT B X2 L HIRER TH H N
A2 BT % HFO1123 12 A3 o> HC290 ZIRET 20T, BREEMERBIIMR L T\, Zoxf
RE LT, WO A THE Z UL, HFO1123/HC290 SRIZIRBEVE DR BEE 55 3 OWmi s L CIRET 5
TERBIZLND. 2T, AT AL BIEETH D HFO1234yf Z M 2 7= 3 0 RiRA i
HFO1123/HC290/HFO1234yf OFHMiiZsE T L7z, HFO1234yf & EEIEFERNEIET A TH Y, 227N
BRIGTE T2V, ATFMORSZ2EBE L CGEIRL.

HIE L7 R DU Tid, HFO1123/HC290/HFO1234yf (25 L C, (a) 48/12/40 mass%, (b)32/8/60 mass%
O 2 FFEEZRA. 7ok, WIERF T HFO1123 OV 7 /URRRE L, BINOMGEARICAE DT, fgfn
B RO EOREICE L TE, ALR— M TIXEIcEbhroT.

3 B4y RIRA IEE HFO1123/HC290/HFO 1234y [48/12/40 mass%] 2B LTI, #EJE 305K~400K, J£/5)
1650 ~ 6888 kPa, # /% 88kgm>~804kgm™ DHFH T ATHEEZWEL, 5 KOHEEERIZIH-T, 1
FRIE R O 2 FRIE O CRF 55 MO ERIME 2 57, RIEA RO PvT HEE OWER R % Fig2.1.1-13 © PT #
X FIRT. Zay MIEBETH Y, Fig2.1.1-13 NOERIE REFPROP 10.0 7> 5 5t R S 5 S5 FE )
ZRLTWS. ZORARICELTY, AIETHH LZ@Y T HFO1123/HC290 DIREG/3T7 A — X |3k
EETHY, HFO1234yf/HC290 DIRE /T A —F ZHWTEHE L TW\5.  Fig 2.1.1-13 THKT 5
FRY CiX, EBREEFHEMEE OFBMEITES 20 TE 5. 4k, KURCEET — & MR 72 R
T, BENRTA—ZERETEIUE, IDITHEEDR LA TE 5724,

3 %4y RIRA W EE HFO1123/HC290/HFO1234y1]32/8/60 mass%](ZRB9 L T, EJE 305 K~400 K, £/
1387 kPa~ 6888 kPa, ¥ 101 kg m>~804 kg m3 O T PYTHEZHE L, 5 KOEBEHRIZIH-
T, 1ABERL O 2 FRIR R TRt 56 SO RRME 2 157-. ARG RO PVT YEE ORI ER R % Fig2.1.1-14 ©
PT X FZ7”3.  Fig. 2.1.1-14 % Fig. 2.1.1-13 L s 2 &, TR & GHREO 2, Foik
MOEBERTTNADHD L IICHZ D, AR Lk 512, BIEATIHRA/ ST A —X Ok g4
TIER2VWOT, HEOBEBVWRBNTZOTIERWNNEZ X TND.

R1123+R290+R1234yf[48/12/40] R1123+R290+R1234yf([32/8/60]
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Fig. 2.1.1-13  PvT property measurements of Fig. 2.1.1-14  PvT property measurements of
HFO1123/HC290/HFO1234yf [48/12/40 mass%]. HFO1123/HC290/HFO1234yf [32/8/60 mass%].
Solid line is the isochores drawn by REFPROP 10.0. Solid line is the isochores drawn by REFPROP 10.0.
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2T, BT AFEI25m, N 0.53mm, JFEE 20 um OAET, O TRENOF R IR E R O
IZE D IRAIEES LTS HOEORIZERE DS E OFE A, MITEOME N &E2/RTZLI2kD,
GC O 195 Vt K S WE O HFEST 3 (area%) MG HILD. ZOKMEE, BIEETER LI REfin
o, fHAK (mol%) %455, 7ok, MEHIREIFREIHIIZBWT, BA M) =T R JEABIC X
> T()DHTFENNICEB S Z RN FIHE U CTERT 5. v U 2 —1E 300 em®, [EffEL 4 THY, &
Ma 2 A= IE T D EN 2RO DD REEBE DML > TV D,

ps P
R (A) Liquid thermostat bath
V26 H vie V20 (B) Air thermostat bath
e }g% 3 Va1
V13 4 55
cr
¢
i
7

(C) Optical cell
(D) Circulation pump
(E)Platinum resistance

P2 P3

X var thermometer
(D) Safety valve
G (J) Vacuum pump

n  (K) Expansion vessel

\ (L) Sample container
(M) Stirror

P (N) Pressure gauge

0 vas (Q) Heater

@R . (R) PID controller
E (S) Digital multimeter

Fig. 2.1.2-1 Recirculation-type vapor-liquid equilibrium apparatus.
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Fig. 2.1.2-2 Distributions of the calibration data. < : Toyama prefectural University, O : Kyusyu University.
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¥, AREEBEORERHE S, WLEAHENSICBIT2EEREE =2 & LR e LT, WE
0.03K, J£710.60%, BXOHEK 0.5l mol% TH 5. RHENI DY = bF% Table 2.1.2-1 (2777,

Table 2.1.2-1  Expanded uncertainties (k = 2) and uncertainty sources for the measurements in the present work

For the temperature measurements

ur1 temperature fluctuation 0.01 K

ur2 uncertainty of the sensor 0.01 K

Ur Expanded Uncertainty 0.03K

For the pressure measurements
upi uncertainty of the sensor 0.28%
up2 uncertainty of the dynamic strain measuring 0.11%
instrument
Up Expanded Uncertainty 0.60%
For the composition measurements

U 1 repeatability of the GC data 0.214 mol%
Uy uncertainty regarding the present calibration factor 0.136 mol%
Ukisopentane ~ Expanded Uncertainty 0.51 mol%

BN TR — RERIERKIR A EE I EIEE IOV TGRS, AREEOFBIIAREETHY, B
FEHIPH 280 K~600K, J£/J#iPH~30 MPa £ CTOHIFHICIIT 5, KK FHEIEE I L OHET 5 Pelx MHE
DOFEBHENFER T 5. AEEOWEX A, Fig. 2.1.2-3 1277, KHUETIE, HOLNLOEEBLD
RALZMARZRCTHE - S LR 2B L, ZOFHREZ N0 — AR5 A IR L- BT, R
(Ar=200 CREEE) (TR —XNICEE 2 L, A0 FRERI% OE &R X OFEE ORI O
FARD T A7 v~ N7 7 7L DHGE RS, N"e—XNIZBIT 2 E RS L O 2 EET 5.
D%, EEIRER X OENTREIOREA B L7z LT, REOMKEE DfFEE 02 n L CHIE « FHH
T5. BEITREEE LG E NOEET S, 2Tk, Polx HENEREICHIACTX 5. #HH
EITHRR ECRGTE L2 000, ERESBIEAAIZEHIL, fafRiEICI T 25RO AT R0
5, RURTEEIEE (A X ORFRRERE) 2455, B L7-FHE O PofiK B2k 1) B oAk i
BITRT. ks, AWFRIZERT AMERBEIL, IBERENS (=2) & LT, BEREIZOWT 3 mK,
JEDREIZDWT, 1.43 kPa (P < 7 MPa)$ L 11 0.06% (7 MPa < P < 30 MPa), L OVEEHIEIZ OV T
0.11%Tdh 5.

RER 25MPu ) U (A) Pressure vessel and
o 200 MPa
(A L% [ LI Bellows

200 MP3 V7 V16 -s —Ivw (B) Platinum resistance

0 | . & i N thermometer
- [ Joe——— S (C) Thermometer bridge
19% i ' (D) Magnescale
(F) Difference transformer
(G) Data logger
g (H) PID controller
{L‘ (I) Thyristor regulator
~ (K) Sub heater
(L) Main heater
(M) Cooler
(N) Vacuum pump
(P) Electric pump
(R) Pressure gauge
(U) Safety valve

R X

Fig. 2.1.2-3 Bellows variable volumometer type vapor-liquid equilibrium property measurement apparatus.



ABFFEIZ 51 D R4, Table2.1.2-2 12F &3 %, FEZ HFC32/HFO1234yf/HFO1123 R A R IZHOW T
%, WEAKT 2 3FEFED 2 o2 L3 i RIBEEMIZOWT, &F 621 SOFENIE 215, &m0
ELTARLE. LUTICEEMICOWTHET 5.

Table 2.1.2-2 Present measurement data for the binary and ternary mixtures

Mixtures Temperatures(K) Pressures(MPa) Data points
HFC32/HF01123%0) 300-330 2.1-44 22
HFC32/HFO1234yf'Y 300-330 1.0-2.9 56
HFO01234yf/HFO1123%2 300-330 1.0-3.3 116
HFC32/HFO1234yf 303-328 1.9-3.2 32(Poub, Paew) ~ Same as
/HFO1123(1) ¥ 7 (p) AMOLEA
150Y4,5
HFC32/HFO1234yf 278-328 0.9-6.4 53 (Pbub, Paew) ~ Other
/HFO1123(2) 13 14(p) compositions
321 (PpTx)
303-333 1.8-3.9 30 (Poub, Pdew)
HFO1123/CF |
HFO1123/HC290 303-333 measuring

X LI 2 iy RIEA Y HFC32/HFO1123, HFC32/HFO1234yf, 35 X O HFO1123/HFO1234yf O I &
RAWET 5. AFETIE, 502 B RICHOWT, 1R 300K~330K, £/ 1.0~4.4MPa, X
OE /L4 3R 0.1~0.9 DIRFE - rjj %J:U\n’*ﬂﬁkfi B D, FEMOENIE AR X O ST OWE
% ?71 ARERED Px #E I o34 % Figs. 2.1.2-4~6 |[Z~7. £7-HE L LT, Figs. 2.1.2-7
~9 |2, #H D REFPROP 10.0 (Kuntz Wagner{ﬁ'/\ﬁ') D6 ORI L OER AR @Taxffﬁfﬁ#%vﬁ“ 54
#1 @ REFPROP 10.0 X4 [E14] D TH: B A 7= & FERIfE IS ﬂaénﬂ\iﬁu\t 2, —HEBDIRERIZOWNT
BERMRAENROND . ZOREOZEMEZIREET 272012, {EIE Peng-Robinson RAE U L oA
FERME~ OB 2 5 7=, AWFFE CTHIRE L 72 (& IE Peng-Robinson (K AE T 2%, LLF D Egs.2.1.2-2~7 I
R

RT a

b= Vin—b B Vin(Vin+b)+b(Vin—b) (2.1.2-2)
ZZ<T
2 .
a; = 0.45724a; Rpr‘ bi = 0.07780- (2.1.2:3)

a;(T) = [1 +o (1 - \E) +c, (1 - \/%)2 + ¢ (1 - %)T (2.1.2-4)

FH L7-BARNE Treo@y Th 5.

a = Zi Z] XiX;Qjj (2.1.2-5)
aj = (1 - kij)‘/aiaj (2.1.2-6)
b =Y x;ib; (2.1.2-7)
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Table 2.1.2-3 Parameters of the modified Peng-Robinson equation of state

Ci C Cs Kij
HFC32 0.85 -0.92 3.0
HFO1234yf 0.83 -0.77 2.7
HFO1123 0.78 -1.00 5.3
HFC32/HFO1234yf 0.042
HFC32/HFO1123 0.039
HFO1123/HFO1234yf -0.006

728, K/3T A—H % Table 2.1.2-3 (TR T . AR D OFHEMAERIL, EiLOMZERK Figs. 2.1.2-7~9 |2
FER () BIOWERR (BR) LLTrry hLTEY, BHICHETE TS Z Ebnd. AKX
IZEH LTV A IRAHNT 72 Lorentz-Berthelot IZAHITH VD, /3T XA —F X5 RIBEMIZ DN T
1 DOHTHD. HICKRAERNNS, AREHAENES ) FRNCEHEOBEOHAZE 2R L TWD 2 ERb
5. 723, Akasakaand Lemmon [ IAFEHIEZ ASIME L LT, #7272 Helmholtz BAERNREE 2L (DL
T Akasakaand Lemmon =\ & BEEE) # B3 L7=. Z DFF /LI REFPROP ORI/ N—2 g o ~DEHENN
E LTS, —fil& LT Akasaka and Lemmon .7 6 D7 % Fig. 2.1.2-10 (2~ 9. BAFHZHHEI S V7
B BHEMENRH EL TS Z ENHERTE 5.

4.5 35
40 3.0 313K
35 25
o 3.0 s 2.0
E 25 E 15
a a
2.0 1.0
15 : : L . 05 ) ! . .
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
XR1123r YR1123 XR1123 YR1123

Fig. 2.1.2-4 Distribution of the present VLE data for HFC32/HFO1123 binary mixtures. (4<>) Toyama prefectural
university, (#0) Kyushu university, (— --) bubble and dew point pressure values from the Akasaka model?
calculated with the REFPROP 10.0% software package. The left figure shows measured data at temperature values
that were close to the integer values in absolute temperature, whereas the right figure shows data at temperature

values that were close to the integer values in degrees Celsius.
40

330K

P/ MPa

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
XRr32: YR32 XR32: YR32

Fig. 2.1.2-5 Distribution of the present VLE data for HFC32/HFO1234yf binary mixtures. (4 <>) Toyama
prefectural university, (#0) Kyushu university, (*, -, +) Literature data, (— --) bubble and dew point pressure
values from the Akasaka model® calculated with the REFPROP 10.0% software package.
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Fig. 2.1.2-6 Distribution of the present VLE data for HFO1123/HFO1234yf binary mixtures. (4 <>) Toyama
prefectural university, (— --) bubble and dew point pressure values calculated with the REFPROP 10.0° software
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Fig. 2.1.2-7 Deviation plots of the present VLE data for HFC32/HFO1123 binary mixtures using the Akasaka
model?. (<) Toyama prefectural university, (#0) Kyushu university, (— --) bubble point pressure and vapor
phase mole fraction values from the present Peng-Robinson equation of state modified by Mathias and Copeman”).
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The baseline represents values from the Akasaka model® calculated with the REFPROP 10.0%.
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Fig. 2.1.2-8 Deviation plots of the present VLE data for HFC32/HFO1234yf binary mixtures using the Akasaka
model (with the vapor-liquid equilibrium properties calculated using the REFPROP ver. 10.0 software program).
(#<>) Toyama prefectural university, (e0) Kyushu university, (%, -, +) Literature data, (— --) bubble point and
dew point pressure values from the present Peng-Robinson equation of state modified by Mathias and Copeman”.
The baseline represents values from the Akasaka model® calculated with the REFPROP 10.0%.
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Fig. 2.1.2-9 Deviation plots of the present VLE data for HFO1123/HFO1234yf binary mixtures using the REFPROP
ver. 10.0%. (#<>) Toyama prefectural university, (— --) bubble point and dew point pressure values from the present
Peng-Robinson equation of state modified by Mathias and Copeman”. The baseline represents values calculated

with the REFPROP 10.0%.
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Fig. 2.1.2-10 Deviation plots of the present VLE data for HFO1123/HFO1234yf binary mixtures from Akasaka and
Lemmon model®. (@O, A A) Toyama prefectural university.
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Fig. 2.1.2-12 Composition distribution map of the present measurements. 4 @, compositions of the present data;
—, the case where the composition of R32 is fixed; - - - -, the case where the composition of the
R1234yf/R1123 binary system is fixed.
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Fig. 2.1.2-13 Absolute (left) and relative (right) pressure deviation plots of the present bubble-point pressures by
the bellows method from the Akasaka and Lemmon model® (with the vapor-liquid equilibrium properties
calculated using the REFPROP ver. 10.09 for R32/R1123/R1234yf ternary mixtures). ®, (Xrs2, Xr1234yf, XR1123) =
(0.335, 0.331, 0.334); °, (XR32, XR1234yf, XR1123) = (0.197, 0.304, 0.499); <, (XR32, XR1234yf, XR1123) = (0.198, 0.400,
0.402); ----, values from the REFPRO P ver. 10.0°.
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Fig. 2.1.2-15 Deviation plots of the present VLE property data versus estimated values by the REFPROP ver.
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A: Equilibrium cell; B: Pressure transducer; C: Digital pressure indicator; D: Thermometer bridge; E:
Standard platinum resistance thermometer; F: Temperature controller; G: Platinum resistance
thermometer; H: Main-electric heater; I: Sub-electric heater; J: Temperature controller; K, L:
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S: Computers; T: Sample cylinder; U:Hexagon valve; V: Magnetic circulation pump; W: Thermostatic
bath; X: AC/DC converter

Fig. 2.1.2-16 Schematic diagram of the vapor-liquid equilibrium measurement apparatus at low temperatures
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Fig. 2.1.2-19 VLE measurement
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