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Due to low environmental impact, refrigerant mixtures containing C02 are considered
as candidates for a next—generation refrigerant. This work developed thermodynamic models
for mixtures of CO2 with R32, R23, R41, R134a, R125, R152a, and dimethyl ether (DME).
Additionally, models for mixtures with novel refrigerants R1234yf and R1234ze (E) were
also developed. These models are applicable to cycle performance calculations for
refrigeration and heat—pump cycles.

A IR TE R
(HHHAL - 1)
ELPEREEY ] & &t
200 9FE 800, 000 240, 000 1, 040, 000
201 0 500, 000 150, 000 650, 000
201 149 500, 000 150, 000 650, 000
FRE
FE
ik 1, 800, 000 540, 000 2, 340, 000

W8 - e
BB OSF - M E - R T - AT

F—1T— R :C02, HFC, 1% GWP, HHERIERE(L, SUE LM, IRAHE, BWMET —Z _—2, Ik

e e

1. WFZERRMEL IO 5

WA ED—> L LTHERENATWS
CO2 RIREWEEDOERLMIEL, T rEAD
AR BME R M OEA 7 E S R D
HEDHOLNTEY, —EORRIIFFFRFEIN
TWA., L LENG, Zhb oo i

LD L) EEMEOEVIREE G RAUIR
FREINTELT, RAEWMEOES T
DO FHE BT B IR 5 R oo Hifl
BAESEOWSM2TENHNLGN TS, =
DX REEET NN SHEE SN D W
B OREE X FEM R i 5 H IR+ CTh



VD, SBERILEZESICHELED TP =D
WX, KUK, PVT MHER L Ot EA K
BMWRH TEXHETANMETHS.

2. WMHEDOBEH
AWFFERBEO B, 002 RIBREHIEDE
BIEE WA NEE - Bl L, EnZic Liom
%E@%%ﬁ%ﬁ%%%?é Lizhsn, &
u,%<®ﬂn%_A%®%WMﬁkﬁé
DIz, BA% LR RIS < Btk
ﬁ#%/7%ﬁ17(ﬂ%$7 B AR_R— )
PRMTLS. ZoXoRY T M7 EHN
HZEIWZEST, b= RUITOHHEY A
IV D E TR AT ORR R N FIREIZ 7R B

3. WD Hk

— %72 Peng—Robinson 272 & @ 3 ALK
e E O TEEARS Th D0, HE
S5 BWMEE OE IRV, ARBFZE TR
FE % LT CIZBHSS B 2 D kg i
Helmholtz BLRAEFFE XA H W ZIBRETT L
PRRET L. oI RBREETAVERWE
B O F R IO THEECH D03, fafn
IRHE, PVTHEE, = o ZLe—, = et
—, EREAEE A SEIME O R HEDS S OFEEIZHHR
TAHIENTEAS.

4. WFFERE
(1) BEfFED CO2 IREWIEZ %4 28T 2T
IV D BH%E

C02-+R32, CO2+R23, CO2+R41, CO2+R134a,

C02-+R125, CO2+R152a 3 LN €02+ A F
JbT— T LRSS B B SRV o I
HHRAEIE - ML, 25 DIRAGECx
THES)FET IV ER L. C02+R32 B &
Y CO2+DME (29 2T /L& HWTERL
Toih e - BEAHAR & ERME & oA K 1B
L2 iIzENFENRT.

Q
3

CO, + R-32

343K
)

p [MPa]

0 0.2 0.4 0.6 0.8 1
Xco2

® Rivellot etal. © Adams and Stein

1 C02+R32 B & AED K&K T

;| COz+DME

377.57 K

0 0.2 0.4 0.6 0.8 1
Xcoz

® Tsang and Streett = Jonasson et al.

x Lausen et al.

X 2 CO2+DNME B& mEDRE T &

(2)R1234yf 3B LY R1234ze (E) Ik A Ik EE
FRABIREFNICESWEREBEET L
D BHFE
R1234yT 33 X OV R1234ze (B) 1AM E D

BRIGIR ICTE R 2 DD - HimiEcH v,

H BRI BZAVAR I DS K2 8D T/ S Wy & 5 B

RO, ARBFFERE T I D OB ﬂ#

HAIREEF XD L, ZRICHESWZIRS

%?w@%ﬁm%ﬁot.msmzwﬁé%

VV%mquﬁﬁlj;R%+RmMﬁ‘®ﬁ
c BN EEREE O TH D,

4.0

HFC-32 + HFO-1234yf

- mo Kamiaka et al.

0.2 04 0.6 0.8 1
Mole fraction of HFC-32

3 R32+R1234yf RESBEDRK T

5. FreREIRLE
(WFFEAREE . WFoE
=)

Gy HE o ONEEERT B8 12

st (RH 9
(D R. Akasaka, New Fundamental Equations



@ R

® R. Akasaka,

R. Akasaka,

© FRIEE, HRC /s X OB SR IEC

of State with a Common Functional Form
for 2, 3,3, 3-Tetrafluoropropene
(R-1234yf) and
Trans—1, 3, 3, 3-Tetrafluoropropene
(R-1234ze (E)), International Journal
of Thermophysics, 32(6), pp. 1125-1147
(2011). (&E#H)
R. Akasaka, Vapor-Liquid Equilibrium
Modeling for Mixtures of HFC-32 +
Isobutane and HFC-32 + HF0-1234ze (E),
International Journal of
Air-Conditioning and Refrigeration,
19(2), pp.93-97, (2011). (&FHA)
e, RkE, HZil,
HFO-1234ze (E) +HFC-32 JR-A M D% E 15
FOEEHBOHE, BARGRERH =
AwOCEE, 28(4), pp. 427-434, (2011). (&
HeH)
Akasaka, An Application of the
Extended Corresponding States Model to
Thermodynamic Property Calculations
for Trans—1, 3, 3, 3-Tetrafluoropropene
(HF0-1234ze (E)), International

Journal of Refrigeration, 33(5),
pp. 907-914, (2010). (&FHAH)
® R. Akasaka, K. Tanaka, Y. Higashi,

Thermodynamic Property Modeling for
2, 3,3, 3-Tetrafluoropropene
(HF0-1234yf), International Journal of

Refrigeration, 33(1), pp.52-60, (2010).

(EHA)
Viscosity Correlation for
2, 3,3, 3-Tetrafluoropropene
(HF0-1234yf) Based on the Extended
Corresponding States Model, Journal of
Thermal Science and Technology, 5(2),
pp. 200-205, (2010). (HFHH)
K. Tanaka, Y. Higashi, R. Akasaka,
Measurements of the Isobaric Specific
Heat Capacity and Density for
HF0-1234yf in the Liquid State, Journal
of Chemical Engineering Data, 55(2),
pp. 901-903, (2010). (HHH)
Applications of the Simple
Multi—fluid Model to Correlations of
the  Vapor-Liquid Equilibrium of
Refrigerant Mixtures Containing Carbon
Dioxide, Journal of Thermal Science and
Technology, 4(1), pp.159-168, (2009).
(EHA)
'S a
Helmholtz ALREE HFE & B FME
OFE L, B ARBEZEH =i CE,
26(1), pp.1-15, (2009). (&)

K] G141
Ak

asaka, Fundamental Equations of

(%
@® R.

@ R.
Model for the

® R. Akasaka,

State with an Identical Functional Form
for HF0-1234yf and HF0-1234ze (E), The
23rd IIR International Congress of
Refrigeration, Prague, Czech, August
21-26, (2011).
Akasaka, Thermodynamic Property
Mixtures of
Difluoromethane (HFC-32) + Isobutane
and Difluoromethane +
Trans—1, 3, 3, 3—tetrafluoropropene
(HF0-1234ze (E)), International
Refrigeration and Air Conditioning
Conference at Purdue, West Lafayette
IN, USA, July 12-15, (2010)

T. Tanaka, Y. Higashi, An
Application of the Extended
Corresponding States Model to
Thermodynamic Property Calculations
for Trans—1, 3, 3, 3—tetrafluoropropen
(HFO -  1234ze(E)), Sustainable
Refrigeration and Heat Pump Technology
Conference, Stockholm, Sweden, June
13-16, (2010).

R. Akasaka, Y. Kayukawa, Y. Kano, K.
Fujii, Fundamental Equation of State
for 2, 3,3, 3-Tetrafluoropropene
(HFO-1234y1), 2010 International
Symposium on Next—generation Air
Conditioning and Refrigeration
Technology, Tokyo, Japan, February
17-18, (2010).

Y. Kayukawa, K. Fujii, R. Akasaka,
Thermodynamic Property Measurements
for HFO 1234yf and Its Binary Mixtures,
2010 International  Symposium on
Next—generation Air Conditioning and
Refrigeration Technology, Tokyo, Japan,
February 17-18, (2010).

K. Tanaka, Y. Higashi, R. Akasaka,
Thermodynamic Properties for Low GWP
Refrigerant HF0-1234yf, International
Workshop on Environment and
Engineering 2009 (IWEE 2009), Yokohama,
Japan, November 24-25, (2009).

R. Akasaka, Vapor-Liquid Equilibrium
Modeling for Carbon Dioxide +
Difluoromethane (R-32) and Carbon
Dioxide + Pentafluoroethane (R-125)
Mixtures Using Helmholtz  Energy
Equations of State, AIChE Annual
Meeting 2009, Nashville, TN, USA,
November 8-13, (2009)

R. Akasaka, Simple Multi—fluid Model
for Correlations of the Vapor-Liquid
Equilibrium of Refrigerant Mixtures
Containing Carbon Dioxide,
Thermodynamics 2009, London, UK,



September 23-25, (2009).

© R. Akasaka, K. Tanaka, Y. Higashi, A
Practical Equation of State for
2, 3,3, 3-Tetrafluoropropene
(HF0-1234yf) to Calculate Saturation
Properties, 3rd IIR Conference on
Thermophysical Properties and Transfer
Processes of Refrigerants, Boulder, CO,
USA, June 21-26, (2009).

(XF) Gr2h)

D R. Akasaka, Y. Kayukawa, K. Tanaka, Y.
Higashi, JSRAE Thermodynamic Table
Vol. 3 HFO-1234yf, H KM ZEHHF*%,
(2010).

@ R. Akasaka, Y. Kayukawa, K. Tanaka, Y.
Higashi, JSRAE Thermodynamic Table
Vol. 4 HF0-1234ze (E), HARMIZEM T,
(2011).

6. WFIEHmR

e =
#RI 5= (AKASAKA RYO)
FUNPESE RS « TR0 « W
7EE %5 60369121




