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Search for Next-Generation Refrigerants Contributing to

Global Warming Prevention
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Yukihiro HIGASHI (I2CNER, Kyushu University)
e-mail: higashi@i2cner.kyushu-u.acjp
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CENEREEHIN TS, 6L, FERLZE
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i@@fxﬁﬁ%f‘@t%ﬁénéz\%b%é. Mz, Ak
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HLEE LD, RAEPNITIERGI R - T 5D
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EMRETHD.
DX T RTOFEEFEMHE L LT, KfgT
EBIEEDFE 1 RA 7 UV —= T OHERT DR &
L C, McLinden & [2]23#5 L7-fER 423 11251 H
T 5. 51 NIST CREENAZERNIIFERT) O
BN 5 T I—T DA L R—TH Y, EEEW
PEDORNE I L OFHB O T, RV B & 8 70
RERL, 61T, BEEWMET — % X— 2D EE
FEYE L5 2 570 CVv % REFPROP[3] % /& B E L
TW5. HRDOHIEHE & b IIEEE H AL % FoAF
1Th->TEY, FITim X OFEMET —F _X— 2 L EH%
HEE L7, SEE CERHETE 28WMMEHRT —4 %
HHRFNLED DEH GHEEL T D, BED
NEDO Project & HEEICED->TEY, £ 1 OFf
L, IRV IABDOE Bt & L T3 bIEHT
TDHEEFRIIEZTND
ZLT, RIOFHEHOWEE L L2, HAE
W D1 B TR 0O 8 L 7o BV S IE &
#RB% % I L, NEDO Project 31 7 /v — 7 T H IZ
TV, ITO BHEEZE 2 RAZ Y —= 72550
R GWP MRS LTV IAATE.
(1) HFO ;2% (HFOs): R-1132a,HFO-1123,
R-1132(E), R-1234yf, R-1234ze(E),
R-1243zf

(2) HFC &M (HFCs): R-32, R-152a

(3) RAbL/KFE (HCs): R-290, R-1270, R-E170
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(4) ZDfth : R-1311(CF;l), R-744(CO,)
7k, ek, RREPE, PEREME, S HICITHERERSE
MREAT R THEE L C, B—WE T 2 2 k%
BRI IR TV D EB X TWVAHDOT, BURT
IHRAWIMAZ R LI D250, LzBn- T,
Al U7z 13 W8I R CRA WO mEE & L
THRFFLTW Z &t 5.

#:1  McLinden 5[2)I1C K 2GR0
Ui @UET:D

IUPAC name

AT Dl

ASHRAE designation
Hydrocarbons and Dimethyl Ether

ethane R-170
propene (propylene) R-1270
propane R-290
methoxymethane (dimethyl ether) R-E170
cyclopropane R-C270
Fluorinated Alkanes (HFCs)
fluoromethane R-41
difluoromethane R-32
fluoroethane R-161
1,1-difluoroethane R-152a
1,1,2,2-tetrafluoroethane R-134
Fluorinated Alkenes (HFOs) and Alkyne
1,1-difluoroethene R-1132a
fluoroethene R-1141
1,1,2-trifluoroethene R-1123
3,3,3-trifluoroprop-1-yne na.
2,3,3,3-tetrafluoroprop-1l-ene R-1234yf
(E)-1,2-difluoroethene R-1132(E)
3,3,3-trifluoroprop-1-ene R-1243zf
1,2-diflucroprop-1-ene” R-1252ye”
(E)-],3/3,3»tetraﬂunropr0p»] -ene R-1234z¢(E)
(Z)-1,2,3,3,3-pentafluoro-1-propene R-1225ye(Z)
1-fluoroprop-1-ene” R-1261ze”
Fluorinated Oxygenates
trifluoro(methoxy)methane R-E143a
2,2,4,5-tetrafluoro-1,3-dioxole na.
Fluorinated Nitrogen and Sulfur Compounds
N,N,1,1-tetrafluoromethaneamine na.
difluoromethanethiol na.
trifluoromethanethiol na.

Todine Compound

trifluoroiodomethane R-1311
Inorganic Compounds

carbon dioxide R-744

ammonia R-717

“This fluid has cis (Z) and trans (E) isomers; the predicted values of
both were the same.

4. ERAHBAKBSEDER
BIfEHEITH @ NEDO Project THEER DX —7 v
ME, HHRPFTIHICHTFENE L TN Z ENRTHA
Shin—bxz7a r HORBBETH L. 205
B ML L CiE, BLIR R-32 X° R-410A 23 A <
FAENTEY, HICR32 ITHE K20 TREE
BER Y VTS X<, BOERMERERHMIIZ 3B
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BERECEED-. PR LTFay LT
HOITEH D OMFPEE CTHEE TICH 21BN
ELZFEIECTH Y, FE#IEL, REFPROP10.0 Taf
BT 2RF RGBT SEMBE 2B L
b0/ d. ZOREY R-32 OfaFIzZESER
FICIE W2 BT 5 —mIEE 2T & R-
1132(E) & HFO-1123 35 & 72 5. FIX Z D 2 FifH
DOV BEITE 2 O NEDO Project TR S V7= [EHEER
BCH Y, REREBWMEE RIT T TICEE 5[5-8]
NABLTWD (E2). =72L, ZD 250 HFO
WL, GWP EIXKS, BJPmtEE & L Tidss
a7 U7 LTWAHD, BREEMES B E 0 ff S D IR
TH—MEEE L TR TE 2 algetEnd kv 2 &8
MBI L, BIESTIZZ D2 >OBIEEICE 2, 30
RO BE ARG LT IRAWEE S U C o 2 Mgt
EhTna.

6000

5000

4000

R12332d(E)

R1224yd(2)

3000

P/kPa

2000

1 L 1 L

280300320 340 360 380400420440
T/K

2 ARFA 70 5 E 0> B RN 2K AU TSR

EEN 2026 4E 1 A

2 HFO-1123 & R-1132(E)D A 22 Bl

R-32 R-410A HFO-1123 R-1132(E)

M (kg/kmol) 52.024 72.585 82.025 64.035
T (C) -51.65 514 -61.25 -52.65
Te (C) 351.26 344.49 33173 348.82
Pc (MPa) 5.782 4.901 4.549 5.174
pe (kg/m3) 424 459 504 435

Ps at 25C (MPa) 1.690 1.657 2.123 1.657
GWP (AR4) 675 2088 0.0054 0.0056
ASHRARE safety code AL Al B2 A2

# 3 R-1132(E)EA M OREKR 22 24 MEAE

R-474A R-474B R-479A R-479B
RII32(E)+  |RII32E}  |RI132(E)+ RI132(E)+
(*) composition is mass% |R1234yf R1234yf RI234yf+R32  |R1234yf+R32
[2377) [31.5/68.5] |[28/50.521.5] |[23/33/44)
M (kg/kmol) 96.677 91.527 77.318 66.921
T (C) 434 458 504 517
Tce (C) 87.8 852 795 77.6
Pc (MPa) 4.05 422 475 5.19
pe (kg/m3) 458 454 450 448
Ps at 25C (MPa) 1.07 118 1.46 1.60
GWP (AR4) 3 3 147 299
ASHRAE safety code AL AL A2L A2L
Telide at 0.1 MPa 7.39 7.4 575 246

5. R-1132(E) B &SIEDATREM
2025 4= 10 H D5 C, NEDO Project 4 3T 7
N—7 L LTI, 2 i RIBA W R-1132(E)+ R-
1234yf % GWP 10 LA F A2 BT 1 Eflimit s L
THE 2 CTUW5A.HFO-1123 (2B LTI, K72 ASHRAE
DR BHEOBENTETELT, FHIVKEDH
A DAY 2a—VEEZ, RHEERERNP RS T
L. Fiz, R-UB2BNIxET D5 2 iy Tl Sm it
& LTIE, HFO WD 72 TH B VBRI it~
DFEANHEA T R-1234yf 2B L7-. & BT R-
1132(E)+R-1234yf @ 2 plior RIRG WL, 97 TIi2 2
i o B A& W Bt , R-474A (23mass%R-
1132(E)+77mass%R-1234yf) & R-474B (31.5 mass%R-
1132(E)+68.5mass%R-1234yf) 73 ASHRAE @ R %5
ERSEATH DI & HEMERRBIRIZ R > T
%. 3 3121% R-474A L R-474B OREN 2 8W) Mk
il &, R-474 RIT R-32 &N 272 3 fly RIBA K
R-479A £ L R-479B DOIEMBENEFHR S £ &0
TR\, 723, &3 OBWMEEEHROFHE O —H
TlE, NEDO Project MBI 27 v— 7 THERL L 7=
F#H7D REFPROP 10.0 HiRE /37 A —% (FEARH)
o CEHR LIEZ I L T\, R479 %D 3
AT RIBAWIEIZEA L TIE R332 BNEEND 2D
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GWP OfED 10 UL FO&EMZH-7 2 L3 E L
W, LML, R32 BNEENDHI LT RAT4 2LV
SRR ETAZ EEAFFLTEBY, IRES T 1

F‘% R-474 RICHERT/HhESLTEDLEEZLND.

RAWEZRET 25610, B—mBECIXfFEELR
mm5&74%ﬁaﬁ®@ SOBBPEREZ K T S8
% Z LU B EE S TV 20T, BREIZH
RETEZNE, ZOMFAY v MIRDIEFTTH
D FERINCIE, BREIHE &R O 2B 2 2Rk
HRGEEE S £ T EICRT 20 ERET D &
Bbid. GWP OREMEIZED L LWVWOHTFIT
HOMENI HLEZ#ERSINLTNIREITHA
7.

6. R-1132(E)+R-1234yf MDEMIEBIERER

BURE fUE TICARMFE= CTHIE L7z R-1132(B)+
R-1234yf IR AR IEIZ B3 2 S5 B O B G R D Rk
KA —EHIENT 5.

6.1 PvT tEE

PyTYERE &%, B L HestE (N &) &R
FED 3 RITD Bk 2 3BT, B R eE i i
DIbERE DT — 2125, Lk, KEX LT
PTHEOMGRERIT AN THY, Kb 7L
b ONHEKAEOREXNTHS. 20 3 20EW)
HEHIHET 5 Z EBRFRA OEBROBNTHY,
WIERMER O T= DI T — 2 2 WET 52 L1
fit7e & 72y, AEIHE L7z R-474A (23mass% R-
1132(E)+77mass%R-1234yf) > PyvT MBI E 5 T
—fle LT3 ICRLIZ. 22T, l¢0m®7
2y b, JIE Lz S I OSEERICH > THRD
NTERETH Y, FEHRIX, NEDO Project ¢ iaE
i 7 7L—7P T LTV % R-1132(E) +R-1234yf
@ REFPROP 10.0 HIRAET /v (BEMR) MW
+HIOFHBEMAEFES L O IR E TR LT
W5, L, ZORPFITIE, 2 DDA EEE, R-
1132(E) & R-1234yf OfafnAS U dhiig &, EHNFE
B IZ FE SV CTHERR L 72 B R8s o MBI & o
HERELRLTWS., ZOREY, BERTIEH
B0, VERR LTZIREET /LT R-474A IREGIED
PyTHEEZRELISHEL WD Z EBbd. £
L CARREARIZB LTI, iz 3 FEHOMAL T b [H
%®ME%%TLT%@‘@@W@WT®#%#N
REZRIRGET LV OIER B IEFRIZE A TV S,

EEN 2026 4E 1 A

R1132(E)+R1234yf
(23/77mass%, R474A)

7000 S73kg/m; C:zgkg/ms
6000 g
5000 #%§§/
g 199 kg/m3
D;? 4000 R1132(E) i
2 140 kg/m3
=~ 3000 ]
Q. b
}JJ@/@ 80 kg/m3
2000 gy -
1000 R1234yf:
0
300 320 340 360 380 400
T/K

3 R-474A (23mass%R-1132(E) + 77mass%
R-1234yf)> PvT P& {BUEF%
OFMTSEAME. +FNLFHH M.

R1132(E)+R1234yf
MRS EE At S}

323.15K

~313.16K

303.17K
4293.16K

7283.12K
273.16K
1263.17K

L Il L | L | L | s
0 0.2 0.4 0.6 0.8 1
Mole fraction of R1132(E)
------ ,/\ Vapor phase; ,O Liquid phase
R 64.0mol% R1132(E)
O ., A 51.7mol% R1132(E)
O , & 43.3mol% R1132(E)
O , A 19.5mol% R1132(E)
------ ,— PR-EOS (k;=0.028)

X 4 R-1132(E)+R-1234yf 2 oy RiIES DD
ST MEF%

62 [BETEIEE

REWEIC B W TR TEE OFFRITEET
0%, XA EEAEDBIFET D 2 HIFIRIETIE, &
FAEWEART, R L =N L WA, WHTO
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B LHRITRZR D, Z oM OEWEFHET DT
D O FEEEERP IR EEE Th 5. AWFEEICE
B EIECEHNE T, FTREE LIS Y0
B, EHZREIE L, REHIEH &N TNZEh
IADBOREEY T S L TCH A< b
7 7\ THEAGEZ1T 5 . & L CREAGNE &
T, Bz e BEIRE 2 5%E L2k, Ak FEEROH]
EZMEDIKLTITY . NEAGGETIE, 4 FEOHE
R CRIE T VA~ FEEZIT, ~A T A
10 T 5 50 CET, 10K AATHEZITV, 1K
#9723 WRRE SRR D PR RUCPHT DIRE /YT
A—H ki HRE LT, KR OBIRZ I 60N
LTWotz. anbbbhnd Lo, REAHEE
L, AR A ICIEWIERINEAMIECH D Z b
MO RENRTA=F ki b 0.028 &, 1ZEFERIC
VVME CTEEMNTTRETH - 7. & 51T REFPROP
10.0 THW B AL LR LY BNREER )N & D EH RS
REDHBL, MEICHAETELZ L 2MERLT
W5,

72¥, PvT HE & KR E LM, RAfFgE=s
TR G IO KR iR (R o fafn s I
YY), BAWEOERA, & U TR O
{71 % 2% 7B U O P E 38 KL OFH B O /ERL b
1Theol=Z L ZBR L THL.

7. BHYIC

B2, BPEEOEHEME & E 0T | EoiE
EL LTS REE WA, BUETAL
FIHEN T WY R Y 7 =T O
REFPROP 13, RAWEO & & & 2B 2
ARECH Y, MG T TR, IREWOFHAEE T
LI TEX DR ICENTFEY —LThHDH. L
L, W BENREZY—LTYH, VG2 EEZN
X, Mot /RRFZITOHEEZES Z LIt 5.
REFPROP TiRAWEEDEIMEGHE 21T 2 72 91T
X, MR E O @RS E ke L IRA WA O
BE/NTA—FNNETHD. Hi#EH D REFPROP
THIHTE B ME DREERICHOW T, 12 &
IWNENT ¥ —FNEETET L E 2 —2MThbi, %
BEIZEE SO TER SN IRERTH D, Lz -
TEEMEIIEFRICEWEEZLNRD. LN LIEAT
FINZE LT, Sk OFRMERR SN TWDH D

T, RA/NNT A= ARICHREZFIH L TWD
Hbdial . £2, W ODDORERTIE, &
ST AGDE DR RDIRG/NT A —F 2R
HLTWD5EALH 5. FHIEICE SV TV WE
HET ML, HL ETHAMICH ST, EMEREW
PFHENTERWAREMELNDH H. ZD XL i, Bt
BV RLICBE LI, Mmoo R RE T RE DS Ei
ETHR TEAREXTHLIONE VW) NL, HE
L7EWRARDIEAETTIVDIREG/NT A—H N3
HMEIZE S W TIRE SN /NT A—Z DL
2280, BTHEMCHELTE bW, £ L
THERE LAME 2 7o &b o 7235613, £ 0k
ZiRilk U7e B¢, BREHOMEREMATICRIH L T H 0
72\ . REFPROP &\ x E LMk Cldzanz &g,
IR LTBILERD 5.

728, AEFIXESIHFEREIE AT =R X— -
PEEB RGN (NEDO) O EFt¥#HE
(JPNP23001) DOFERHGEOLNTZHDTHS.

SE Xk

[1] KREFHR—L— (2025.9.1 FF)
https://www.jma.go.jp/jma/press/2509/01a/summer
temp_20250901.html

[2] McLinden, M.O. and Huber, M.L., J. Chem. Eng.
Data, 65(2020), pp.4176-4193.

[3] Lemmon, E.W. et al., NIST Reference Fluid
Thermodynamic and Transport Properties Database
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& GWP A (IZxt T BAAILLRILYBRE SRR DR

Development of Helmholtz Energy Equations of State for Low-GWP Refrigerants

TR 58 OUNEEFERT)
Ryo AKASAKA (Kyushu Sangyo University)
e-mail: ryo-a@ip.kyusan-u.ac.jp

1. [FL&HIZ

VTR ZEER 50 B CII I ERIE AR L AR 5L (GWP) A3/ &
WETHLGEE (K GWP IR ~DHRHARN T & 72 -
TWD. Fic 2B FERRIZIX, ZOREREWY
WFr—2 L, ZNOEH KRB TE DIREHE
KPMEARFR T D . REEF XD S TH)
WTC, FOWREEZ WY AT A OVEREFAM MRS
B PALI AR

W% < B X7 Y IERC F-gas FRH| 2 O FE R
RENE &, BTN T E O3S S AR I FE D
L LT, AfETIE, AR ESFFEROHERNE
X, INFETEENED > TEX =K HDOIE GWP 4
BT 2 RREH KO TR RIZ DN TR 5.

2. NLLFRILYERREFFEN
2.1 M=

RLE A I NVBLOBETA I LDV AT
LFHIC, BAARHads, ARk, Bl % ORERER O
REHZIBWTIL, (FEHADOES 7R EERE, T/
bOHEIFIRIE &, - RE-RERIR (PVT BfR),
TUHVE—, BN, HES S S F S E RN
DFAA DRI R U TR E R L e i e
S, BEICKEL SNV AT A EHEET 5T
DITIE, VEBNBLAR O IR A8 & 2 SERIME & FFREE O R
NS TRHEATE S L9 REFEAN RO LN 5.
X BIZ, BN R — B MECE BEE E e D R ALE
SNDHT-DIT, B—DBIE TR M FE DMK RE il i %
FKHTEXDHZENREF L.

AL DRV ANRBE S TR (LA T~ L ALY &
EHET) X DO LD pER AT - TR RO
KDO—2Th Y, xfhIRRE B 2 % OB FR D I &
LTW5D., AR LEOMEZEHR L &, fafnzAR
JE, B, e EVE O s 7R E R S5 40 B TR
FEYERY IR RE TR OB L L TURLS ZIFAND
ALTE Y, 1SO17584 (MEPE) [110D & 9 72 [EFEHL
Bt — # ~_X— A REFPROP [2]IZ L &

BEN 2026 4E 1 A

ncnag.

—fIZ, ~ LBV RGTIRETE X Ok
(b L ITEEp) #MNiEEE L, ~VAKRLVY A
R R LX—aZERAER L L TRAD L D ITRKEL
Shb.

a=a(T,v) ¢
ZOEBORITE ) FIZBIT D 4 B O
(Fundamental equations) D—-2>ToH V), o EHED
HCHARREIC IS T 5 2 TOE) R E R % 8
HI2ZENTED. ZORP~V ARV Y D
KOFRES 25, HlzX, [FEpk X OERLEL
CITRAD LDl D.

da

p=- (%)T @
62

¢ =~ (6—T‘§) ©)

72720, 20X D e — BRI AR A & o Bk
BIROIFEZ R L TN DICT &9, B 72 BEOE
DEZONZRWRVHEE L TREEZSED Z &
IETE RV, B0 —EBUR O TESIALE T 5
AR YR BABE A 520 2 L N IREES
BRAHEROBMTHD.

B, ~NWARLYREANDLATHSTYH,
FFRRE DR EIZB W T, Wb 2 Maxwell
criteria (KURMFHDIRE, [E/1B X OF T 2AHH =T
KX —=PELWY) ZflE T 5 X5 ICRERRE BT
bz (BFREBEIIBIEAIIZ LR E 7220,
2.2 ~NILLRILVYBRKEAER OB
—E 7o~ LRy Ko ERITH (D) TH 5 03,
FEEOARRE F X OB IITR A D X H I2 Kk
fEENBEEERHN LN TV D NI E S E LT
ALY QEEOFNFENIHEICH S.

a(T,p) _ _ r
= = a(0,6) = a°(1,6) + ' (z,6)

2T B L USIFEN TN IR TR E I JOER
TEETHY, a®BILPa"lZTnENER T~V

4
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ABRALY HEHT XL X —aDBEABSEER I L
PRy (RIEMR L BAEREKE D) ThD.

—IZ, IBERB X OBEORK T/ RT A —H T
IR SR B KO EE LSOO D . HREE
B L ORI FE OB 1T A A SUES0% BE O B
ICRELEST L0, 26 DEOREITIRES
BADOBBICBWTIEFICEETH D, FFig, R
BT IEME R EDNHE LW =D SCEMEIC B IE S o
EVMRONIGENRH Y, Feidd 72 OB E IR
EETD.

ARG ER 75 a® 13l < D4y F DA, [mlERkS X
MIEENCRET A~V ARLY HHZ XL X —%
#FLTEBY, ®R%E AW THEHBESED EE L
QMMNHENTHZENTES.

hor  s? Tc
0 8) = ref*  “ref 1+1 __f p d
a’(t, ) _RTC R +In— ) —drt

)

BARRURD BB (T, BTG iR
Hroz R 556 &, ERAVITR O 72 KA H IR O
IMEN RO DGENHDH. £72, Joback i [3]7¢
EOfMHERMERIENRHVWORIEAELHD. WTh
DIFES RN SN RE WD, Zh bk
ECRGE LT 2 B EMm & L, HFilEC 2o FEHIE
DIEMICHEBESND L ITRKIICRESND.
R2d X DsPeel T2 N E T E O FEERBICB T 5
ko2 —8L0t= e E—DETHD.
EHERREITHRIG CCRO NS, Bl 21X, milk
TIE 273.15 K IZBIT gt =r # 1re—3F
LQtk=r hrE—RNZENEI 200 kI-kg!' BELD
1.0 kI'kg! K &722 X9 1Zh% eI K OsP DIE DN E
DHNAD. DL, ~VAHRAY R ITEL R
RICBT2HERLEDDLZENTEXD.

PR 13y TR 5~ AR LY B
T3 L X — 2 OfERICKB T 2H ThH 5. BLRFA
T, BRI IS THRE Ry & IEfEIC
BLCE D HIEIIMT L TE LT, BREMICRO BN
7 BISOR & ERE I &b Tk (7 4 v 7 4 v
7) THZEWZRVRESN TS, DF D, HE
PR TR OFER & U CHMCBLE S D ik
ReE, BE, il COBEMRIREBREIZESWTHE
BN RELESND. 20X T Fa—Fix, 4
TES1% (MD) FHEO XY IR T v x L
D B EAEH 2 B R D DR TFIE & IIAER

BEN 2026 4E 1 A

\ZHRRD.
PB4y O RBUIIR A O K5 22 BB A H W
BTV,

a’(t,8) = Z nThis% + Z n;tti8% exp(—g;6°)

+ Z n;ttid% exp[—n; (6 — €;)?

- Bi(r —v)?] (6)

FDIZEB W THRYO 132 EHIE (Polynomial terms)
EREEA, SRR KOS R IR DR R A KRBT D
THICHWeND., Fiz, 2 FHO D ITHEHE
(Exponential terms) & FRIEAL, mEXUAT L OYKIK
—ROREEZRBT HI-OICHY BN, 51T,
3 % H @ X 1% Gaussian *H (Gaussian bell-shaped terms)
EREEA, BRSO ORERE DO QIR B b A R EL
THEODICHWONS. 20 X5 RBEEIEERI
B2 b DO TH Y, IREBEOZEF) K IHN R T
TGO PRER ) 7o AR BL T .

(OB D IRELRBITZRITERE L WD
TRV, BlE, SO ITEDOEE TR
FUEZR B0, iU, BENER/NIESS &
& (TRobLHBAKKIREIZES LX), &2 TO
U TR (B2, 3, F4, ) BDnThbt
27 BT AL B2 & S B R R S
2 XD, 72, © OFHGITFEENRFINLG B O
O, ADOFEITRRIL TORE L RADO5E 2 1%
TBICSH AR & 725 72D iU THEsE T S5 H1H
MZdH 5.

—J7, R(O)DHFHREL ML T H2HBUIMEETH
D728, DO TUEEWEBLM: %2 KD 2 72 DI AREY
(ZIEEN 2 < I DS H o T2, 2000 FLARTIZEH
FEINTREHERXITITHR KT S0 HL DHEEE A
LWz (BIZIE [4]). LU s, NS
72 % & ERE O FIERIH & S 7 56 1l 2 o IE
DHH-DNRT ARSI D, fRELT
ZE LT AMEE (RRE O 2 /M 7256 O 258)h)
152 ONHEE L < 725 . Falt TIEREEOR O i ks
HEFr, 20 THLLTF DO~V AR KR — i) & 72 o
TWno.

FRAEER 5> DBEIE O iz BV T, faFiREE
&, PYTRGR, B, B, vV 7 REESES
FRRRBEOFERMEIZT 4 v T 4 7D FIE
NS5 (Multi-property Fitting) . 7272 L, {RAE &
DOFEFEIZ L > TEAMEDO AN S ITRESELR D
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ZEICEETORNERD S, FlxE, KFEEEHIX
0.01%F2E DM A fEN S TRIET D 2 & N ATHE
THHN, HAOREITEITIETE T TIThbd7=
1% REORENS THET 22 L b LY. Lz
WoT, 74 vT 4 2 I DK FRMEZ T 1)
IREAIT R INRT TR DR,

2.3 BhFEHREESM

KODOBEEFILH < TR LD TH D0
O, BRMED &% A=k 217 2 &, REEdhm
DO RCHMFMEICIIEZ AT D, T D2, ~ILA
VY RO BB BT, IRRE it o B ) 521
et (B 2R IE LW EE 3 7 < & b MR
ICHBRESNTNWDLZ L) ZHRTH72D DL O
RGN Z AN U T2 St & B b 23 Thoin 5. sl
I, Wb % “Greater than and less than concepts”
IZHESWTIHMiEN 5. T7hebb, REHRANZ
DA ZE BB L TOIUE, O G UWITIE C a2
FTAT 4 &5 256 LEHEZTRZ L TWhiE~F
T LT THD. 2O LT ¢ 1TFERIE L& FH
B & ORZE &R U X 92 BBEIE D 5% 7257 Fn
WA SND. 22T, MREMEORF VT 4135
WEDORAEL Y bEMHTREL 8D LD ICEHEAMT
LTHLS. 20X REEICEY, BI)rotEaert
ZEA LI b M T, et A S R0
BEZHEERTE 5 & & IS, MERICIELL 20T
— B RWANDF—=NN—=T T T HET D LR
T&5.

2O RREHFEA O FILIX, Lemmon
and Jacobsen [S]IZ K > THID TRIE S, £D%RA
7R RS DFE EDFAR N TIT oA Tz, BILEDIR
He 7 FR BRI 3 THilE S 4 2 268 o — 451 % DA
TR

® [ IR AR O Al &l

® HiE - mIEICHIT D EER

® EAE, FEELE, HHEOFHEIRERE (~

NVATFRVY BT RALX—0 2 BEEBHIC
£%)

o fIFNRFHCE M (BT

B D)

® 52 FHIBLUE4LY TIREK

o HAHMA#R (ideal curves)

112, BERASEIRG 2 5 OEIRARE 2 — pftX
HioRT. W b %Ik 5 R1243zf OAREE SR
I DFE L= DO THY, B FEierEns:

Bed
>

& AIRIZR A

BEN 2026 4E 1 A

-10 -

B ESNTWD. T7hbb, BASEERIT, p <
PATBWTIEDOARB L NEOIELEHL, p=p,
WZBWTARB IUHFERIINTFAbEr LD,
P> pAlBWTIEOAR K L OEO/E L 7267
X 7e b7en. 70, ERAURE DL EOSERARERE
WICEDOARZA L, AV Z L —AKD
FRICHIT L CUOdnialEZg 57220,

FRROWMESEMTR D EARN L OTH Y, B
LGB TRE T AT o M52 605,
TP S ESERRESRMEEZETDHZ &
T, DR WERAEE S S THIAWIRE - £ 0%
PHCE) 2 IE U < BRNEd Bk fe 5 FE X & B %
5T ERARRICA - T,

3.6

IIIIIIIIIJIIIFII

—
o

p/(mol - dm )
B4 1 RI1243zf OIREEHRRA[6]BEFE LTzp—p
MR B 361 % B ARSI S OV

51T, IWEOERIZE > T, < OWMEEt%
W T RO ) NhIBRERHSL T
7o BB TR IO L D 2 2 MR A & L CRETE
T b D HFIEN L L TR, REEHF RO
BAFICE T 25 T LaT L 0 b 07> TET
W5, 70, WHERZITZ DBRENSFIEICR > T
X2 LD, kT LI X ADNHEIZ L -

J. HTSJ, Vol. 65, No. 270



ok - Aol - AESEZR 2 2K T & D H L ORHIlEFIE OB (R BEEI)

F 1 FHIHTERY EIF7-1K GWP o FAE #K
R1234yf R1233zd(E) | R1336mzz(Z) | R1132(E) R1224yd(Z) | R1243zf
CAS No. 754-12-1 102687-65-0 | 692-49-9 1630-78-0 | 111512-60-8 | 677-21-4
e (g-mol'l) 114.0416 130.4962 164.056 64.035 148.4867 96.05113
Eﬁﬁﬁ}g (K) 367.85 438.86 4445 348.82 428.69 376.93
e ARE S (MPa) 3.3844 3.5828 2.9030 5.1737 3.3340 3.5137
e R 2R B (mol-dm'3) 4.18 3.704 3.044 6.793 3.632 4.3
i DK 0.276 0.304 0.386 0.245 0.325 0.2595
=EA (K) 121.6 165.75 182.65 184.9 157.8 122.35
2 HE G (K) 243.692 291.28 306.603 220.512 288.004 247.666
SCiak [9] [11] [12] [14] [16] (6]
THEREMOEMAK b TN D. B &7z, ZoREFEAOBEEIEIL, %I
B S NTREEFRAXOHE L L THO LT,

3. ANLLRILYRKEAEXDRFIKR
W 69 2% ~ oL Aok LY AR BE 7 FE 0 B 38 IR
MEIR~RD. KETHERY T 5K GWP it AR
EHERICE LD TR L. SIRES R OB
T, ERMEORFBINE, SRS OFEM IR Y Uk %
ZH I,

LR A FRAPH T I W CTHEHE & 72 5 AU,
PRALIK M DIEEW G, OKRROA A A 72 L) 1ZH~
T RICFERNEE SRR SN TWD T8, D iRnE
TUAE 2> B A0ART 2 U TRV R « =) O FEPH TR S
LHRERETLEZNEND 2L THD. FDRDITIE,
ATET TR 7B PRS2 R T 5 72D DO
REMORIRSEAHFITBRARA L b e D,

I DOET ) FROMEE L, BRI SO R 1
WEd D H OO0, JUSIRREFEELOBLE S BAVTE
o TRy, Llal~REFEXD §EF) %
Ulo@EsZ & CEM EHahmBite a4 5%
FEER R T 5 Z N TE S, 2L, Kk
DANTIE & 732 2 ERERE BT ) PR 72 G PEDS R
T TWDEEITZDIRY Tz,

3.1 R1234yf

R1234yf (2,3,33-7 b7 7 A u7m~ly) 13k
HRWVEMECEAMEENTZIKGWP B DO —>ThH
D, MO R TE < OB IS AR S
TW5. BUER, A—=7a v Ame LTELL
THY, £722< O GWPIRAWBE O &
LTHHAVnLRTNAS.

ZOWMBEOFEAEAMICIL, Akasaka FH[7]X°
Richter = [8]MBHFE S iz, T D, IREFEXD
I L FEOE( & FREFROILFTIZ L - T, &
D BV MERENE A 459 % Lemmon and Akasaka #[9]2%

BEN 2026 4E 1 A

-11 -

5. £, ZoREGENL, 2022 FlIZWE ST
ISO 17584 (WBEMPE) [INICERR & AU E B e &
o TN D,

22, Lemmon and Akasaka =[9]/ D #tH L7z
EELAE ERME L & IR, — %I, EELE
VR AIC B W TEERR RIS B L, Z DU Tlim
KA Z 7~ 97723, fiRsd CTIEBARMES TR Z 0 X 9 7226
B RESFRERACERENICHIAT20IXIRETH
D, LIL7edn, 2 127”79 Y, Lemmon and
Akasaka [9]1%, BfF RIS O E T LBV D 258 A IE
MEWZHB L TWD Z ERERTE D,

393.15 K

413.15 K

6 8
» (MPa)
2 R1234yfZ%f9 % Lemmon and Akasaka =\
(917> & FFH L7z & E LB & F2HIME & o il

(®) Liuetal.[10]; (X, A, B ) Lukawski et
al. [11] REEFGRE TR 0I5 O & [E e B &
EHRZ1.8% CHILL TV A,

-
—
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3.2 R1233zd (E)

R1233zd(E) (F T > A-1-7 v 1-333-hU 7/uF
07y [IAREDOIR GWP i ChH b, K
A R245fa (1,1,1,33- X Z 7 vF a8 ) O
REMPLE L TH —AmBEeCERe — MR
2T 72 LA EA TN D,

ZOWmBEEOREHERE L TEIELL Mondejar
K[12]3 DN TE =D, ZORITEAFHI
2 FELEDME SR TV 72, Akasaka and
Lemmon [13]i% X W FHEMENSmHWERIET — ¥ %2 H
WCBIEE 2 ST 5 Z LIC XL 0, KAREE ISR}
LTHmWHBMEZ AT DRESFRAEZBHFE L
ZOIRBEF R G 1SO 17584 [1ICERR & AU E B4
AL 7o TWA.

3.3 R1336mzz (2)

R1336mzz(Z) (cis-1,1,1,4,4,4-~F ¥ 7 /L4175
V) IO GWP I TH Y, R1233zd(E) &
D HEWIBEEET D20, X0 EWIRE &2 T
He— MR TIREEBENELZFHT HHET
XA 7 VOEERERE LTERMMbINTHS

McLinden and Akasaka [14]i3 = OB DO AR r
PVT B L OIS EH 2 R ICHIE L, ~/L AR
Y RLREE SRR AT L., ZoREFREAD
ISO 17584 [1IZHRIR S NEFAEHER L 7> TV D,

F72, ZOWREEHFFEIL, McLinden and Perkins
[I5Z & o THIE S A7 S b @ O E CF
BT 5. K3, ®HEEEOFFEME L FRIFE15]) &
DIRZED SR Z 7R3, BUREAL T, RS IS5 L
TEWEBMEZAT2RIR SN TV D20, i
HFHAEEEEZRET A-ODREFENAE LT
LAWVWLRTWND

0.2 T T T T

0.1F
0.0
-0.1

100 (Wexp — WeOS) /WEOS

X 3 McLinden and Akasaka = [14] 5 EHE L72#K
FEH I & FEHME[15] & OFExHR 2. RS RRUTIR
FHH 3 O FEHE 2 IR 2= 0.023% CTHELL TV 5D

BEN 2026 4E 1 A

1 Pc 10 100

3.4 R1132(E)

RII32(E) (F T v R-12-Y7 AT ) &
R32 DBEHEED—>TH D, R32 1TV AKIESE
BT HEERBETH S . Z OWBEO ERIERERITMH
D TRE STV DA, Akasaka and Lemmon [16]13,
R1234yf (2% % Lemmon and Akasaka =\ [9]% #fif
LLTHWS Z LIk o TEA LB ERMES
Ao hHREALHE L. ZoREFREAT
% Bz H] Iﬁ%«@m%ﬂ%ﬁéhfwé
R1132(E)/32 3 LU R1132(E)/1234yf RAWBEDIR
HETN AT H#EHA I TN D
3.5 R1224yd(2)

R1224yd(Z) (3 A-1-7 1 12333-T b7 74
17 a0 ) [ IRRE DR EGAEETH Y, R245fa D
REL LTH—RmEEemiie — MR 7 HEA~
DISHDEE > T 5. Akasaka and Lemmon [18](,
RI1234yf 1295 928 L L, W< 20D
Z BN L CHRBIMEMENE L & HICE O TIRRES
PR A B L7,

3.6 R1243zf

R1243zf (3,33- U 74 v a2y ) (ki
ZHTHIEGWP ML TH Y, BIRLPNTIRA Vit
DO—psr & L TORMMEDBRE STV, idTfFED
EREIZTR> TSSO, FER RV B T
MEDOWES > 7ANmELIZZ L b H Y, DK
GWP MBI R TEWERMEE HR AR E S 41T
2.

Akasaka and Lemmon [6]1E, Z 15 OSEHIERED
BIRRREAMENE N LR L, RI1234yf X
ONZ DD T8 & 72 2T IR ie R & B
L7c. B e BBOY O B gazIL, B s r
AT HAEKE, BFREE, PVT BfR, XM -
wmﬁﬁx;UWWmﬁ%miwﬁﬁ%w%hk.
ZOWREFERXOBEEIEIZSZEE IS H =72
REFEXOHE L E L THWOND TETHD.

4. SHEORE
%F‘gWLJKé%tt»VVAﬁVV/FHk%iﬁiT
X, BIRZETIRERR D S AT ARG« Al s

&kwgﬁwﬁﬁn_ﬂgﬁﬁﬁﬁ%ﬁ?ékk
%u.%ﬁﬁﬁ% BT 2 @ OB A 2 E MR
i BHEE LT AMEZEh 27, B TR L
t% ﬁ&t , VTR ZEE 08 CIR < VBTV
% REFPROP [2]~D#L A IA I 3 A RE7RTE TR &
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NTEY, K GWP B0 A LIZE T D HAEE &
HER L T 5.

AREETILFER Lo 7203, IBE W BT 54k
el (BRAET V) OBF BT L THD TV
% BURERUE CICA ER U im i O RIE R
BIRITIZIER T LTEY, 5%IE, b 2850
HE DR IZLRMIRGWIEET VO &EEEIT
TW TETHD. IBERICHT 5 ERIMEFEHRIZHE
—IRIELL BICIRE SN D 728, MD FHE SOk~
WZE BT —Z LB AN TS, £72, W5
% E RIS K S D720, A% L ERSES
i A il U TR IR Eh & ke L T < ETEC
H5b.

72, AR TR R DL I XESLHFFER R L
N 3L — - EEEHINR A BTN (NEDO)
DEFEEY (P18005, P23001 %) Off & LH
SNT-HLOTHS.

SE Xk
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1B GWP BEDH A 7 JLIERE

Cycle Performance of Low-GWP Refrigerants

R A OUNERRY) R ET (RIRKE)
Sho FUKUDA (Kyushu Sangyo University) Chieko KONDOU (Nagasaki University)

1. [FC&HIC

HIERIRBEALINE] D72 OIZ1F, WO BRI 721R
=3 5HE (GWP: Global Warming Potential) D 773 &
7, EERICHE D CO HEH 7 & DRfHE BB A
MbBETHLENSDD. LIZR->T, E—hR
YT A TN OMERRIE, BREEAM O/ SV A
BIET D L OO TEHERBIE L 0D AF T,
BWPEL YA 7 VIEREOBIRIZAEEH L, 1K GWP
I OBEREHI OV TR 5.

2 /B LY A U IVIERED R E
2.1 RETEVDELHAVIITKROLNDEYHE
t— MR TV A I VOREDFRIE, BT
WIEDOBS I L > TIRES LS. FHEBED
YA TN TIEHEFEBENEL D720, HEOYME
SRR R ORE 2 729, EMERE - B A ERT D
72012, WEZIZLL T OREARD 5 5.

PERER E D72 DI FE LWVERE -

- BARIRE 80% FLFE CiEdx nlRE 72 iF AR E

© K& IRARIEIT BN

CRWRRE

- W7 e (JEREAE S & BBV ORI % 5-)
CEWWEEMYE (BMEE - EJEKICEE )

- Mg & oY) e RN
BEVEDTZDIZLE F UWERE

- EWVERHEAE

- AR BEME RS K OME M

s EWMETFERZEME (B O MRIGZ R Z Z7e0)

FRICHEARIE, JEHEHE Y DB B O EAR AR O
BREZFET 2 ECEERRTA—FTHDH. &
VOB BIE, #1127 7 ASHRAE B LW
ISO[1 DRI S &, FREM 2T
LAl F700F AL R EICERA STV 5.

S HIGEFETIE, BOOfEIE (REMERIS)

B 202641 H

-15 -

DGR Z BB LT Bk T ADEAL K
FENTWD., BOSMKISR]E I, miREmESR
T THIES FRT RN X—%Z T - Tz
Bfh L, & O ChtH S iz =1L ¥ — 23
WIS E G S 28R THD. ZORE, /&
RN ET D) AT NDD. ZDOV AT %
PG D720, BERWE L OIRAICT L D6
IR BN BRI SN TV 5.

#1 ASHRAE 34/1SO 817[1] CH¥E & 5 1%
Betk & mhEc b o 2tk s 7 A
LFL* = 35
iy or A3
SRIE HOC*?* = Propane, Isobutane L)
19000 kJ/kg
» LFL*! >3.5 A2
HABENE vol% R152a B2
and KRIEHORIE < 10 cms at 23 °C
okt HOC* A2L B2L
< 19000 kJ’kg | R1234yf, R32, Ammonia
, Al B1
R R134a, R410A R123
PRIGEVEIX 55 RF M 1
at 60°C, 101.3 kPa OEL**>400 ppm | OEL**<400 ppm
LRI TIRIUREE,  vol%)
*PRBET LXK — (kI/kg)
*30EL (Occupational Exposure Limits : Jik3% 5% & FR i)

)

o3

o

¥ 1 RI1234yf & OH 7 Vv & oIS (/)
LAY TFA (Tri-fluoro acetic-acid, CF;:COOH)
(F). K&, K&, Bf, BLXORAITZENENL
7 v H, RE, KF, BERTERT.
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& B |ZITHETIX, PFAS (per- and polyfluoroalkyl
substances) HfllNEREFIH & 70> TV DH[3]. milk
DREHFA~RER L7235 E, OH 7 Vv & DORIG
2 K0 EH R RN ET L, FOERMD—D
L LT PFAS TH D MY 7 LA u FilE
(TFA: trifluoroacetic acid) MR T HLENH D
[4,5]. TFA BARIZHED AMEIIHERE S LTV R0,
Wb < ELMERH OFTREME S FRE R TH Y, Fz
HARICELZE CTAKRICEB LT W &b,
NLRRIC L 2RE ERORENRESINTND
[6]. ZD7=, BRINTIX TFA & ek b
PFAS 7 /v — 7Bl DX U E 6D % J7 1] T 43
EDHNTND.

2.2 RBEAEOHHMEZTLOBES
RAGETIE, THEICRBWTEREAR GRE
7T4R) BDEL, YA 7 VORI E K
SHELAREMERH D, BIEER THD 2507 1
AT 4T a—T AR A H AT 55, i
EARLIER 5 K LINICH 2 ALk &2 IR 5
TEREE L. BIREA TR, BE—mt oL -
LA DM 7 FEB LI ol m BT R EE T, &
L VERED R T U R % B LI IRA IO il
MR RO SR TN D.

2.3 A9 ITELAARAHHEL E COP
20%, VA7 ANTHAL DR WHERLEZHS
MICHEE TR L s X Th 5. T/ 5 KIT,

——— Refiig. r 2
e Refrig. w/o pressure loss P
----- Tiir» Troem f
Ly 3
]
—TT 1
Leong 1
lod 1
= ;
B~ i
______________________________ i i
Lo A

/
.

s [J'kg'l'K‘]]
B2 TR BICHRND YA 7 VN OR AR LK
KIERDEBEDIRAE, FHIFERR AN NI BN E 2 % %
UGB OWBEOIREE, AR 2N BRI E %
IR

B 202641 H

FRIELER L ORI DI EGERE T4 U DR %,
JEfER L ORI AR CA U H4EKL, WmIEELENT
U DMEMRR TH S, IREWEOWRE 2B K
WG A ITITBVROIRE & DENIENRD, FHERE
L CBVRBINT 5. mit & BVROEE =%
—EfRD Lorentz VA Z VN BREINTWNDHD
D, ZELREVEOGEIE, Wik BRERENKE
SEBRY, ERWNESHBNZH I TWS T
WIT, FEEHZEFE CEBNE LV ONRBIRTH
5. B SR OMIE A AR 2 5 “drop-in”
WHAZRREET D010, BEARI /DI WG
EEAEEN TN,

3. Ry Yy—=24
3.1 fAEICE (58 COP

MBI LB B & Rt 57291, #* 2
(2”9 50 FREE DML & L CELEG COP DOFH R %
Fha Lo, PRSI L ORBEREEZZN
ZH40°C B IN0°C & L, ZA%EH O miiiEa
B (X2 o T-Ty) B LU H O B4
B (X29F0D T3-Ty) #2FZNEN3 KBLU0 K
LT £, EfaEER X OEERRIITE
NExTy e EEMfBL O ZLERREE L,
JESHI B EB L TRV, £, COP I37&%
HNO =2 Z OV B (h-hy) % TERERE A O = o &
JLE E(h-h) TR L TR LT,

B 3 (ZAEBES) (BT 7)) 1233 % COP 7R
. VEBE D23 s EE COP MEWME A 238 5 .
ZAUEAEENE 2N @S BEE C BRI ST\ O IR C
EEh 32720, BNV T 5720 Ths. 22
TWICARTEEHA O T Z L E3E(h-h) IS kT 5
COP %X 4 |~ d . ZAFIRHAD = Z L 70
KEWVHBEIE E COP NEVMEFNZ & 5 A3, 784
HAD T Z L E D 500 kikg F2E % B — 7|2
COP [ ZIEANZ 72 > TV D, ZDT=, ARIEE
PR RKE W TIE COP BNEmL b vz
V. F T, ARREBDE L 2D LR R Ek S
BWTEHEZ U LVEEIZRT 2= baog
(B RE L 72 5 - OJEMH D HIRED E5-L,
T-s M EICBWNTHL ) —F A 7B D XL
MREL 2D, 20D, RIFEZ X LEICK
THTY hrEOEIZIERT S, ZOZITHA
BMLEBEADIZL > TIRED. £ Z T S5 ICHHE
(Co1) LB (hi-ha) D FEIT KT 5 COP % 7”9, BHZEL
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EERDHNKREL 25 L COPIFIE T 5. Lo
L7 s, BEACEAO K L/NSWYE TH
% Water X COP MKW, F72, X3 LIX 4 OfE R
EHEE LT, BIECBIT D RTY X HNEL o
TWb. DF D, Water O X 5 772 e % bk
&, WAL DA 7 UERE R _EITIIEE
THADLNEETHD.

#2 A7V —= T ROMYE

RI152A R32 R236EA
CF3I R40 R245CA
R1130E R41 R245FA
RI1132E R113 R365MFC
R1234YF R114 R1216
R1123 R115 R1224YDZ
AMMONIA | R123 R1233ZDE
BUTANE R124 R1234ZEE
DME R125 R1234ZEZ
ETHANOL R134a R1243ZF
ISOBUTAN | R141B R1336MZZ7Z
METHANOL | R142B RC318
PROPANE R143A RE143A
RI11 R150 RE245FA2
R12 R161 RE347MCC
R21 R218 WATER
R22 R227EA
8 T T T T T
7 i
z [B3e
< ° o
§ 6 °° o o -
= ° 4
<
5 5k o .
-vg o
o
Q
4L i
3 L Il L Il L Il L Il L Il

0o 1 2 3 4 5 6
Peond (T=40°C) [MPa]

3 fEENETICHKT S COP

B 202641 H

-17 -

8 T T T T
L 06?;9@ 008 °o 4
- o 0.0 o
= 5P o y
5 % °
£ o
Q
al |
3 P R | L PR e |
50 100 500 1000
h1-ha [KJ kg1
M4 ZEFEEHAD T ZILEFEICEIT D COP
8 T T T T T T
1 ° 8 1
=l " TR,
< ° °.
f\:l 61 o o o b
%’ o
O
al ]
L Il L Il L Il L
3 1 2 3 4

cpT-(h1-ha) ! [-]
X5 PEHEAE DK D COP

3.2 ZHEOHMERRE

ATHT CHR 7= AR 72 B ARIBIERICIN 2, 3T
FECIREPRES BT 291 7 4 kfe (FriC
COP) ZHRIEL LTomEAR 7 U —= JHFZEn it
REETHERIITON TS, TOMREN 6%
PLFIZRT.

Halon %[7]i%, HC, HFC, HFO 52 24 fifg D
MAEER L OEN D A BT 2 A5y« 3 ik
IHRAW LA RS L, MR 10%%] %4 C 44,915
Y ORERYA 7 NV ERFHE L2, EOREE, R1311
ZETIRBWEEN R b E COP ZoRd Z &3k
HENER, FRRHAEFERIZEEMEN 2 & B
bne ol WWT, RI234ze(Z2) B L O
R1233zd(E) % & TIRA R @\ COP ZoR L7273,
RFERE AN I BT D T i T it T
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V. BREIIIZ, R152a/R1234ze(E) (70/30 mass%)
23, @ COP & A2L 7 T ADREENE, BL =
A NHEDONT U ANPLHERE SN, KKEL
THBEEN AR X o KL 3 iR & L Tr%
%

TDEIRAT ) == TRIFED L L T
REFPROP |2 X 2GR A H VBTN D.
L7 L, REFPROP |[ZIXRBEROME b % < T71E
L, FRAETNVOZEERRGE S LT
BabH o, ZTROORREE Y - THE
EWIETDHZ LIIIEELZET 5.

McLinden © 7' /b —7[8,9]i%, PubChem 7 —
A _R— Z [0 GE TV DK 60 TR
BFhaRBICAZ )V —=0 T E Lz, A7 —
=27 B @il LI ROV, FRE 2
AR L= A 7 VBT T K DR AT &2 1T
STRER, FERRIENOIK GWP ORI E IIF(E
LAEWZ ExMELTWS. — T, BAGEIC
L AFRENEIIFR SN T WD b DD, PERE - 224 -
BREEAMT O ZFHWNT v AR5 OB BEEFICE
JHFEERETH D LRSI TN D,

3.3 BB Y FOMERE

HAEMNTIZ, NEDO 72y x 7 kb TR
GWP &0 F2 LI 81 7= i b SR v B 22 S B ity
DEAFE) ITBWT, HFSTHERE - R A —
T1— « WA — T —NEE L, RIS JE R 7
W7 v BRI OERNED 5TV, LLTFIZ,
ZDRRBED—EERBNT 5.

R1132(E) (cis-CHF=CHF) ¥ GWP 7% 0.0056
[11,12] & s TRV S, B e RS D Y A7 3
BRI Tnad. Zhickk L, ZEMEICER GWP
HAKVY R1234yf (CH=CFs) B X OEWIA 7 v
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(a) acoustic-microwave resonator, (b) microwave antennas, (c) acoustic
transducer, (d) pressure vessel, (e) acoustic emitter preamplifier, (f) acoustic
receiver preamplifier, (g) acoustic emitter amplifier, (h) acoustic receiver
amplifier, (i) acoustic resonance frequency analyzer, (j) microwave resonance
frequency analyzer, (k) pressure sensor, (1) pressure monitor, (m) evacuating
device, (n) sample cylinder, (0) standard platinum resistance thermometer,
(p) AC resistance bridge, (q) centrifugal type stirrer, (r) DC power supply, (s)
external refrigerated circulator, (t) sheath heater, (u) sample admission valve,
(v1-4) valves, (w) main thermostatic bath, (x) outer thermostatic layer
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sensor controller, (c) pressure transducer, (d) pressure
display, (e) oscillation U-tube densimeter, (f) hand piston
pump, (g) sample cylinder, (h) platinum resistance
thermometer, (i) temperature display, (j) temperature
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pump, (m), heating-cooling circulator for piston pump, (n)
liquid thermostat, (v1-v5) valves
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1. [FC&HIS

HIRZE TR AR 1T 31T D I MERE IS, B PRI
KA YA 7 NAMRROFFEIC LY 93 Fm s
%, WEEE Y, TO%OITIRTH D RO HL
R Et, TR b b RAEE KO RFEDOFRIZA
AR EIRD.

FEH O ORI N— 7T, RIS AR T H
% HFO A OHEER L O DREMIZHOWT, Bx
WA L UOWSEORIE, TR ET VORFH 21T
S TWD. AfETlE, WHERGBIEOBYRERL LW
AEEEICONT, FEEZEOOR TH DB ORE -
FEETNVORBRIUZOWTHENTT 5 & & BT,
AW THWZHE FEL LOTRIFEET VIS
DWTHEHRT 5.

2. RERHEOHEMEEDRERR
F 1 TARWFGE S N— T I BT B IR O B R
B L OHEE ORIERDL, FHEET L OFAmIRILIZ S
WTELEHTWND. BIEEOMIEEOFREIZIX, 7 4
U 77 O NIST 2324k L TV REFPROP Ver. 10.0 [24]
D LEEEREVE SN, ESHWLRTWS.
KHPIZIE, ZNENOHEIZ%T 5 REFPROP Ver.
100 TOHHEOAFICOVWTHERLTWS.
REFPROP Ver. 10.0 Tl, —#HBEIZEI L CTAMIZE
TN—T OB EFERICEASNTEE AT A—ZD
TN ENTWD. RO © IR V—T
DRNEREF 2 FLIZFHFR /ST A — & % NIST B3RE L,
AL TWAHMBETH Y, AlX REFPROP Tkt
BEHEAWETHDIN, RTA—E T 4T 4T
DR ST WEERFHREN N S5 m I T
b5, XHNIHHED & Z 5 REFPROP (ZUUk SN T
WRWRIKZ R LTV D, 723, Bt E I 5
REFPROP OFHHAMIX, FHREXIGWE OFHT— ¥
DEEZED ZORENINPRELS B L7-0E
ERLETHD. 1 I% REFPROP @ Fluid
information W[ T 5. AW 1L FHE KRG D % T

EEN 2026 4E 1 A

-28 -

"R12341e(Z) - CHF=CHCF3 (cis) - cis-1,3,3,3-Tetrafluoropropene (CAS# 29118-25-0) X

Molar mass Triple point temp. Normal boiling point Gas dipole at NBP
[ 114,04 kg/kmol [ 2380k [ 2s288K [ 29debye
Critical Point

Temperature Pressure Density Acentric factor
| ek | 35308 MPa | 45617 kg/m3 [ 0327

Range of applicability
Min. temperature
[ 238.0K [

Maximum density
[ 13636 kg/m3

Maximum pressure
34.0MPa

Max. temperature
400K [

INIST Rec: ECS Extended Corresponding States model (R134a reference) for R-1234ze(2). LI
** ESTIMATION METHOD **NOT STANDARD REFERENCE QUALITY **

Huber, M.L., "Models for the Viscosity, Thermal Conductivity, and Surface Tension

of Selected Pure Fluids as Implemented in REFPROP v10.0," NISTIR 8203, 2018.

doi: 10.6028/NIST.IR.8203

Fits based on fit of preliminary unpublished data of Miyara, Saga University, Japan, 2018.

Uncertainty for viscosity in the saturated liquid phase is 3%, 4% for vapor over 300 to 450 K, higher at
higher pressures.

Uncertainty for thermal conductivity in the saturated liquid phase is 2%, 3% for vapor over 300 to 430K,
higher near critical and at higher pressures.

The Lennard-Jones parameters were estimated with the method of Chung.

Link to publication: DOI: 10.6028/NIST.IR.8203

Equation of State | E Viscosity Thermal Conductivity |
Surface tension | Melting Line | Sublimation Line |
Cancel | Copy | Copy &ll I Print |

QKI

1 REFPROP [ (Fluid information)
Z 3 L7, [Substance-Fluid information] % i3

WU, TORZ L EZMTT 52 LI 0&EWHEME
RN ((FETUD MET—XD Y —2A
ELBITHERTHIENTE S, X 11X R1234ze(Z)
DY T HEHRTH Y, R1234ze(Z) DFSED
REFPROP FHHEAHED S IR T 3%, ZKK T 4% & 7F
liENTWDZ Enbnd. FlT —XBeWnigsE
DA ST 20% & FEH SN TR Y, KRBT BLA I
OFFFEIZIIEEEET 5.

3. REARNEOHEMEEDREFE

D WMEARE, FEH S % DR IR WS T
DT —ZBFRRO LD . EEEEIXEEIZ L D
BAEM R E W=, AFFEE CIXIREICE L Cidm
TN S-40 °CFLE £ TORES NS &R e — k
N T DU E RIS AT RE 7R 200°CFEE £ T&H W
N—=LTW5.

X 2 VZAMIIE 7 L— T 3G B kG R I E S
WS T 5. REEITRHIER L — 7 TH Y, Wil
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K1 WS BEOEEMEEIE - FH5RE 7 VAR

Thermal conductivity Viscosity
Refrigerant (Fluid) Exp Calc Calc%latable Exp Calc Calmlljlatable
name data model REFP}EQOP data model REFP};{OP

Pure fluids

R1234ze(Z) [11[2] [1]112] © [21[14] [15] ©

R1336mzz(E) [3] [3] X [16] X

R1336mzz(Z) [4] © [17] ©

R1132(E) [5] X [18] [18] X

R356mmz [6] [7] X [6] [7] X

R1224yd(Z) [8] A [8] ©

HECPE g <] o .

CF;l [10] AN [19] AN

R1123 [11] [11] AN A

R1233zd(E) [12] © [20] ©

Mixtures

R474A X [21] X

R454A A A

R454B A [22] VAN

R454C [13] AN [22] VAN

R1123+R32 X [23] X
BRT (FTNT TP —=RTELFTTY g — i
VR T) 1T £V R E IS TS . BER .y wien N0
(72 b7 va ) RERMNEBICEE ST —TETDE ' i
Y, FTEOIRET—EIRIZND. WEETIZT A Mgl 5 D
e >a v IR OEIRMENEBIZERE STV | R
27 F 2 L= FNEOREEZ~Y 7 AT AT _[==a==
JEL, #ELTWD., REEDOT A Mk va v
TREDORRD 2 ROH T AME M EHEHER S
NTEY, HT AMENTMEEZ @R TR 2 L1 — — ——
X0AEUCLBENBELEEZREL, FX (1) 12X Yks D. Pressurizing device E. Pump F. Corioris flowmeter
Jic n PEHT 5. G. Thermostatics viscositybath ~ H. Thermostatics oilbath 1. Lauda

J. Differential pressure gauge K. Thermometer L. Pressure gauge
M. Cooler N. Heater O. Stirrer

_ m(a4p, — a54p;)
Sq(Ll - Ls)

(1

[ 2 b IR A v A
ST, Ap g LB LV a iz EhENMETED w
DR K, MEEOBRENRE, U7 AME DR DI T AED long, short &7 LT\ 5. 728, (1)
X

BROWFEZRLTEY, RAF [ s 132K KVMLINTH LMY, KEOREEIT AT T A HE

EEN 2026 4E 1 A -29 - J. HTSJ, Vol. 65, No. 270



ok - Aol - AEEZR 2 2K T & 28 L ORHIlEFIE OB (R BEEIT)

P
P, = — Measurement virtual pressure gradients
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BUZOWTIRAR D . MR OHBE D b AR CTIXFHA T
EOBMEORZEI T 5. FFEMICE L TIT sk
[25] ZZMW & 2.

PR REFEE  (Extended Corresponding State)
LU, BRI G AR ORIE D M O FERIBEA T
o DS D EDIRIEIZHIGT 2 E2 R L, &
FRPRAR DX IRBEIC 35 1T 2 Rh E « BRI R D 3R
REFEFMRIMIRICHE L TRDHEDOTHD. B
K, HREIRBEOEE p BLIOEE T
Mo, ZRIKDTINEE po BEIORE T, & T
Q2 BLY Q) ITLkDd5b.

a"(p,T) = ag(po, To) 2

Z(p,T) = Zy(po, To) (3)

22T, af BXO Z ixEnERERTTH AL A
VY HHE TR LX —DOEEKMAIES L OEHE KR
T ThHD. ZRIRKROREIITRICI Y RkD S,

1n(po, To) = 1" (To) + An(po, Tp) )

KDIZBTD n* BEIY Aoy ZFRENAHER
AREBLIUOERETH D, AR ARIEIT pp >0 O
FRRIZ IS 1T DREE CER SN, IBEDAL O TH
5. R@ITKviBonsd Anlp,Ty) PiE%E, T
G XV EREAGIIED An(p, T) IZHHET 5.

An(p,T) = Ano(pows To) Fy (0, T)

Pov(P, T) = po,(p, )Y (p, T)

22T, R ) IZMIREORER L OEE %
FENE & L7 BRAR O WL 36 L O R FE o
BETHY, YOI 74T 4T RT A—
AR E LEBEEBLOEECLEATHY, F
BRCEONIMET — 22T/ T A —H &2k
ET D, BRI GIEOKRRT An(p, T)
ERWTR@) ZEHEAL, KEEZRD L. HEDHE
BT — 2 B WEAIZBW T, BUMREE G
HIER(QR) B) Ik W ZRTIKRORREEZ KD D =
ENTE, Y, T)=1 & LTESRIEDEEEN S
FEREAROREEZRDD Z LN TEDH. 2D X
9 72355128 1) 5 REFPROP Ois 8 D FHHL A e
MEIHRKRT £220% FBRETHSD.

BVRER G R L RO FETHET D Z LR
TX570FEL, HEEAOARRRL . BYRELD
T Ve SR TE O BT IORE E O 7 P SR TE S L B C

)

BEN 2026 4E 1 A
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1. Type of paper: An article with either one (or more) of the following category(-ies) in the field of thermal science and

engineering

(1) Technically original research paper

(2) Technically original document of numerical calculation consisting of the major part of unpublished source code

(3) Technically original document of new measurement or data processing technique with its details to reproduce the
results
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be accepted for publication in other journals
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(6) Well-organized review paper
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science and engineering
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4. Categories and length of the article:

(1) Research paper: Technically original research paper or document of the author(s) that has neither been published
nor submitted to publicly accessible journal or publication.
Research papers presented at symposiums and other meetings of HTSJ (Heat Transfer Society of Japan)’s can be
submitted as a Research paper. Also, a research paper published in other publication, such as, the proceedings of
symposium or other meeting except for HTSJ’s, proceedings of university or research institution, newsletter, and
relevant publication, with limited distribution and public access can be considered in the same manner if the paper
is amended or modified by adding new research results or discussions.
Length of the paper must be prepared so as to sufficiently inform the contents to the readers. It is not shorter than
2 pages, but is not limited with maximum page number.

(2) Short note: Less than or equal to 4 pages in general in order to publish the preliminary and quick report of research
result.

(3) General paper/article: Other paper or article in general, such as, discussions or comments on other article, article
on research activity in general, or paper that has already been published in other journals or etc. if it is submitted
in legally appropriate manner. General paper/article has no length limitation.

5. Copyright: The copyright of technically original paper or article shall be transferred to HTSJ, and subject to its
copyright guideline. HTSJ in principle shall not prevent from the author(s) to use in future the contents of the paper
or article in his/her own academic publications. (Please refer to the copyright guideline of HTSJ’s.)

The author(s) must get permission prior to the submission to TSE of the use of any part of the paper or article of which
the copyright had been transferred to other organization(s), such as academic society(-ies) or publisher(s), from the
organization(s).

6. Submission: The article shall be prepared in MS-WORD format and be submitted through either one of the followings:

(1) Convert both the manuscript and the Submission Coversheet into pdf format in order to review and to confirm the
printing format, and then send it to the Editor in Chief in “9. Submission address.”

(2) Submission from the proceedings of the Symposium (annual National Heat Transfer Symposium of Japan,
organized by HTSJ) shall be prepared by following the Symposium’s proceedings format, and the author(s) is
advised to submit to TSE according to the guidance of Symposium’s executive committee.

(3) Send hard copy of manuscript (three copies) and the Submission Coversheet (one copy) to the Editor in Chief by
mail.

Please note that an electronic version of MS-WORD formatted manuscript and the signed copy of Submission

Coversheet shall be submitted by the author(s) if the paper is accepted for publication.

Submission Guidelines, Paper Format and the Manuscript Template can be found on HTSJ’s website (Home ->

Journals -> Transactions of HTSJ “Thermal Science and Engineering”.) Please contact the Editor in Chief if the author

has any problem in submitting the manuscript in the above format.
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7. Paper publication fee: Free (Please see the pricings for the reprints and color page printings.)

8. TSE Editorial Committee
Committee Chair (Editor in Chief): Yuji Suzuki (The University of Tokyo)
Committee Members (Editors): Yutaka Tabe (Hokkaido University), Fujio Kuwahara (Shizuoka University), Yukio
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Kurata (Kyushu University), Takehiko Yokomine (Kyoto University), Tomio Okawa (University of Electro-
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Houra (Nagoya Institute of Technology), Daisuke Shimokuri (Hiroshima University), Hiroyuki Kumano
(Aoyama Gakuin University)
Secretary General: Minhyeok Lee (The University of Tokyo)
9. Submission address
Yuji Suzuki, Editor in Chief (The University of Tokyo)
Dept. of Mechanical Engineering, The University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo 113-8656
e-mail : tse@mesl.t.u-tokyo.ac.jp TEL&FAX 03-5841-6411
10. Color page printing fee
(1) 1 -2 pages: JPY40,000-
(2) 3 -4 pages: JPY60,000-
(3) 5 -8 pages: JPY70,000-
Contact HTSJ for color page printing fee of over 9 pages.
Color printing shall be used so as to effectively express the contents of the paper and not be intended to the use, such
as to color-coding the data in a graph.

Above pricing will be effective beginning from the submission acceptance in September 2009.
11. Reprint fee

(1) Black and white pages only: JPY8,000/50 reprints JPY15,000/100 reprints

(2) Including color printing pages: JPY12,000/50 reprints ~ JPY20,000/100 reprints

Please order the reprints after the acceptance notice prior to the publication printing process.

Above pricing will be effective beginning from the submission acceptance in September 2009.
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B CAPTEC #t HA#HE M MEDTHERM {8 ARRFE/E W ITI #i§ A BRFE/E
@ LtHd, WMEOBERMERD, BAA-DI—0BH AR ECIRHBLTENET,

[CAPTEC # (75V2A) |

CAPTEC (Fv7/79D) #t(3, B OSEHEMICL), BERERTERERRRR VYR -HEBLTHNFT, RERENIEILLT
HREREC—ET BHRRECHHV-EETEEREICHALET,

BH Y3, EHNROAHEFHATIEHMLB YT, 8 FERIKERSTHNET,

BREREIY— wateY—

H4X: 5% 5mm~—300 % 300mm H4X: 5x5mm—50x50mm
Ed#: 0.4mm (FEMA-EA) =— [E#: 0.25mm

"’____TT_____ SRE#EE: — 200-200°C 4 ﬁffffﬁf SRE#EE: — 200-250°C

s ISEEE: #9200ms ' - ISZHRE: #950ms

< k= F7vay: BEMARESNE g F7vay: BEMARES N
K EXAR-RAR-AR K EAR-RAR-AR
Wi BRA-SER-KINT BRI RO AR+ RS

[MEDTHERM #t (7 AU) |

MEDTHERM (3 FH—L) %1, TNET 30 FEULLICHED, S RBORRE RUVBESRICEOHEXNEIRELTEWELE,
MZEFE - NK-RESFICBIPEEREBEALCVET, ARIIGU, HABBIR - EHOM RE &R EETT,

BRET ERGTRT

BRIREE: 0.2— 4000Btu/ft’sec(ZIL AT —IL) ISZ5EEE: 50ms LLTF*

H4Z: 1116 412F (9 1.6mm) —~1 1 VF (#5 25.4mm) BRIt 20.5%

EeEuaE: 200°C (KAL) ~1500°C (7K A4) BIERE: £2%

HAES: 0— 10mV(DC-#RHH) A7vay: EHE-RHAEESE
B 2% TIAT—IUIxLT) SRR BIERLY VLI TRANET,

AEBMBERER S, F1REFOF1-TOPICE2RER] VM- DMEA SN REBHEECE TVET,
E2BEXTM1V—(E, [EH 0.0005 1 UF (£ 0.013mm) DS HEG I3V THEBZG I—T1 T ENTNET,
TO-TJHImDRENER, BEH 1-2I00V0ERBEETEEZABENTED, RS 1V(IOROGEREERHRLTNEY.

(L RA#E] [BAER 1] R E#E)
FERBERVREEARRETA TE R/ IAVAVEY) — 270°C~ +400°C
ERREE-TVIYIUVA—-I 7Ty —%  JE (% /2VR3V8Y) — 210°C~+1200°C
E & (HOAL/IVARYEY) — 270°C~+1000°C
[&R/NTO-TE] KE (HarL/7ILAL) — 270°C~+1372°C
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