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Measurements of PV7Tx Properties of HFC-32/HFC-125 and HFC-32/HFC-125/HFC-134a
Takayuki NAMIKI", Takayuki KOGURE® and Kosei OGUCHI"

Abustract
The PVTx properties for the binary mixtures of HFC-32/HFC-125 and HFC-32/ HFC-125 /HFC-
134a were measured with the use of a constant volume apparatus in the range of temperatures
from 320 K to 450 K and pressures up to 16 MPa along the several isochores of 165- 443
kg/m’. The experimental PVTx property data were compared with the equation of state correlat-

ed by Piao et al.
the deviation of 150 kPa in pressure.

The data in the critical region agree with Piao’s equation of state within
The uncertainties of these experimental data were

estimated to be within =4 mK in temperature , ®=1.7 kPa in pressure ,=0.23 % in density
and +0.33mol% in composition. The purities of the sample used were 99.99 % for HFC-32 ,

99.7 % for HFC-125, and 99.9 % for HFC-134a.

Key Words: HFC-32, HFC-125, HFC-134a, alternative refrigerants, PV7x properties
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Fig.1 The effects of the heigt of the pressure vessel
on the accuray of density measurements.
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Table 1  Experimental studies of PVTx Properties for Binary Mixtures of HFC-32/HFC-125
First author Year Temperature Pressure Density Composition of HFC-32  no.of data
(K) (MPa) (kg/m) (mass%) points.
Weber' 2 1994 338-373 0.3-4.2 9-158 54.56(mol%) 17
Geller®’ 1995 280-373 0.5-4.8 14-207 45,60 111
Zhelezny™ 1995 280-338 0.7-3.6 20-184 25,35,74(mol%) 136
Piao® 1996 273-393 0.6-15.0 24-1260 20,40,50,60,80 533
Sato® 1996 320-440 1.8-5.3 63-125 50,60,80 156
Kiyoura” 1996 330-440 1.8-5.2 68-158 20,40 92
Zhang®’ 1996 300-380 0.34.6 3-151 50,70(mol%) 125
Table 2 Experimental studies of PVTx properties for ternary mixtures of HFC-32/HFC-125/HFC-134a
First author Year Temperature Pressure Density Composition of HFC-32 no.of data
(K) (MPa) (kg/m3) (mass%) points.
Fukushima® 1994 313423 1.4-9.9 52-800 30/10 7
Fukushima® 1995 330-430 1.8-6.0 77-401 23/25 28
Iwata" 1995 263-393 0.4-15.0 20-1307 23/25,10/30,30/10,
30/30,25/25 800
Nakamura“? 1995 323-393 2.5-15.0 208-1131 23125 194
Kiyoura” 1996 315-440 1.6-5.7 66-165 23/25,30/10,20/30,20/30 105
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Fig.2 Schematic diagram of the apparatus.
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Table 3 Calculated diameters and length of three pipes
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Fig. 4 Calibration result of the inner volume of the

piezometer
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Fig.6  Setup for mixing refrigerant.
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Table 4 Purity of sample
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99.99 % 99.66 % 99.9 %

Table 5 Experimental ranges of PVTx properties for
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2041 350450 4.6-10.6 441-443 9
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Fig.8 Pressure devation of the present data from Piao’s

equation of state.
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Fig.9 Pressure devation of the present data from Piao’s

equation of state.
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Fig.10 Pressure devation of the present data from Piao’s

equation of state.
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Fig.11 Pressure devation of the present data from Piao’s

equation of state.
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Fig.12 Pressure devation of the present data from Piao’s

equation of state.
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Fig.13 Pressure devation of the present data from Piao’s

equation of state.
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equation of state.

Table 6 Experimental ranges of PV'Tx properties for
HFC-32/HFC-125/HFC-134a

Compo. of T P 0 no.of’
X3z Xizs 5 Xizaa data
(mol%) (K) (MPa) (kg/m3) points.
38.66/18.12/43.22 330-450 2.5-6.6 198-199 7
38.36/17.70/43.94  350-440 3.8-8.4 295297 7

37.49/18.19/44.32  370-450 5.3-10.7 377-379 7
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Fig.17 Pressure devation of the present data from Piao’s

equation of state.
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Fig.16 Pressure devation of the present data from Piao’s

equation of state.
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Fig.18 Pressure devation of the present data from Piao’s

equation.

16

P (MPa)
IS

0.0 0.2 0.4 0.6 0.8 1.0
HFC-32 (mol fraction)

@ This work
— 400 kg/m® ~77" 383 kg/m® 77T 441 kg/m®
Fig.19 P-x diagram.
6. BbhIC

ARFFE T, HCFC-22 (REWMELEM TH 22 DIRE
/A HFC-32/HFC-1254 X O3 IR A 1 EHFC-32/HF C-
125/HFC-134aD 5 AR 33 1) 5 PVTxBE % % il BE320~450
K, [E$258~15.7 kPa, #E165~443 kg/m’ D% JlE &
BHCER L, HFC-32/HFC-125122>W\W T #5948, HFC-32/
HFC-125/HFC-134alz- >\ T2 1 O E Rl % 15 7-.
ARFZECE LN EREIZIE-SW T, Plaokia HW Tt
W A 1T o7, TORR, BENE 2D R-TC
PiaoFh> b DIRZEN K E < Ao TW A &R L7z,



20 ) TREASWIZeeE  B-22 (1998)

0.0 0.2 0.4 0.6 0.8 1.0
HFC-32 (mol fraction)

@ This work
T 400 kg/m® T 383 kg/m® ~ 77 441 kg/m®
Fig20 P-x diagram.

F 7, HFC-32/HFC-12512B 1T 3 ENICE 2 A KO
FEY, HFC-3203880F 512472 W PlaoR & ) AREJIE
NiE@mL< B> TWHMAE R L. LER-T, BRE
FEAEIZ 38T, HFC-3223 004 5 (o O AR EHIfE 1L B
EETHE SN TV DPlac LW bEWEAERT Z L
BHLNER o7, Sk, IR WIEHFC-32/HFC-125D &
BRIOMERLERL L Bbh 3.

RBIT, HRARE MEADHA KEE, S BE,
FR SHEFE, B AELEORM LEERBLORE S 2
BELTCWEEWE=ZHT 2R 7en b I haskte
thicx LR BHOBES R L7

TR

(1) BAGEEGSMm, RR2MBEARRE, (1975).

(2) Weber,L.A. and Defibaugh, D.R.,Int.J. Thermophysics,
15-5(1994),863.

(3) Geller,V.Z. Bivens,D.B.,and Yokozeki,A.,The Fourth
Asian Thermophysical Properties Conference,(1995),
327.

(4) Zhelezny,V.,Chemyak,Y.,Anisimov,V.,The Fourth Asian

Thermophysical Properties Conference,(1995),335.

(5) Piao,C.C.,private communication,(1996).

(6) Sato,T. Kiyoura,H.,Sato,H., and Watanabe,K,Int.J.

Thermophysics,17-1(1996),43.

(7) Kiyoura,H.,Takebe,J.,Uchida,H.,Sato,H.,and Watanabe,
K.,J.Chem.Eng.Data,41-6(1996),1409.

(8) Zhang,H.-L.,Sato,H.,,.and Watanabe,K.,J.Chem.Eng.Data,

41-6(1996),1401.

(9) BBIEAN, =AHFK, REEEIE KS=%H, $156H
HARBMME S VR DT LR CE,(1994),22.

(10) BEIEA, #H16[E A ABMME S R v LR
#m 3CEE,(1995),157.

(11) FEFEIL, FFR, HFOES, $20@E2EKMA -
MR A RIE AR, (1995),29

(12) HAHEE, HEEL, FEKR, EEEL, BlomE
AN S RO Wl CE, (1995),165

(13) /NEE FEZ, W TRRHELRIL, (1995).

(14) Kell,G.S.,E.Whalley,J.Chem.Physics,62-9(1975),3496.

(15) Saul,A. and W.Wagner,Physical and Chemical

Reference Data,18-4(1989),1537.
(16) RBILZ, FREAE A, S0 T3 K74 %5 3,(1984).

(17) LB, HERRA, KAFIH, HHFHk,
Hetnfe =, AR TR RN FAEERL, (1979).

(18) AAHEMFESMR, FHMUMORHE) S, (1987), L.

(19) £ FpR, FRRBEE B AR EEH S F kRS HR
FWICEE, (1996),129.



