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Abstract

The vapor-liquid equilibrium (VLE) of alternative refrigerants was computed using the
Patel-Teja (PT) equation of state, and its validity was examined. The equation of state has
three parameters, and the third parameter is introduced to lessen a failure of two-parameter
equations of state in a prediction of liquid density. Expressions of fugacity, residual enth-
alpy, and residual entropy were derived first. It was confirmed that the PT equation of state
yielded reasonably accurate predictions of saturation properties for the pure substance of
alternative refrigerants. Relative errors of the predictions from the formula or the correla-
tion developed exclusivelry for the pure substances were less than 4 percent. In a prediction
of the VLE for the mixtures, values obtained from the PT equation of state showed a good
agreement with actual measurements. The maximum relative error of equilibrium composi-
tion or bubble-point pressure was about 2 percent. It was concluded that the PT equation
of state can represent the VLE of alternative refrigerants and their mixtures with sufficient
accuracy.
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T/N&w HFE # (hydrofluoroether, /N4 Fa 7t uxr—75)NV) BEHEINWTEY, 89k
EORERHRS 2 L ET CHEREIMES LTV 5,

1.2 XHROAR :

KW Cix, HFC B X O HFE O KB i % Patel-Teja R2c L D FHEL, BlIERRESB
FUBERERC L 25 EHER L OB EZIT). AR THR L T % R32, R125, Rl3da,
HFE143m % & ** HFE245mc OEEREH 2E 1 2R T,

Table 1 : Fundamental constants of HFCs and HFEs

Substance R32 [ R125 ( R134a | HFEl43m | HFE245mc
Chemical Formula CH,F, C,HF, C,H,F, CF;0OCH; CF,CF,0CH,
Molecular Weight [—] 52.024 | 120.022 | 102.032 100.04 150.054
Critical Temperature [K] 351.255 | 339.165 374.18 377.901 406.83
Critical Pressure [MPa] 5.7826 3.6173 4.0592 3.640 2.887
Critical Density [kg/m?] 424 568 508 464 509
Acentric Factor [—] 0.2769* | 0.3047* | 0.3268* 0.2879** 0.3584**
Reference (3] (3] [3] [4] [4]

*calculated using the formulation by Tillner-Roth et al.?
**calculated using the correlation by Sato. et al.*

Z 2w HFC#EHizc 2w Tk, B Tillner-Roth 512 & - T, Wwh® % Helmholz Bl D
REXBIREZI N TS, Helmholz BRI LHEHICB W TEWEE 2RO, AOS
FIHHEEE O L S RS B 1T 2 BIENALEDOREZERL Tw 55, —75, Patel-Teja =
% Peng-Robinson HD & 5 RILARERIC L 551E X, Helmholz BRAEER ICEERTIZ % i
FEIDIE <, BERVFCOEGTHS, GETICBU 2BELRELZLERLIOTYL R
WERY, NWHREBXTHER LTS BEREONS EFHIZ NS, KIFETIE, Patel-Teja
ROFER L Tillner-Roth &5 DIREERIZ L 2HER L DL 21T S,

—7, HFEBIZ DWW T, EHESHHE S DREEIESWIHBIRZREL T Y, 05
HfER L Patel-Teja iz & 2R 2 HIK T 2.

& 51, R32-R134a, R125-R134a 8 X U R134a-HFE143m @ 3 EEDEESY BT 2 [
1% Patel- Teja X SFHE L, FEHME L HET 2 Ldtic, Zho DREGYCHT 2 madi’s £y
FRMEFRRBEZRE S 5. '

2. REEsX

2.1 Patel-Teja =%
Patel-Teja (PT) RigXxHA TR 3,

RT . a(T) ' o ” 1)

P:'v*b v+ b)+c(v—0b) -
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22T, P, T8 vRENTHESN [Pal, BE K] B & UENVH4H [m*/mol]l THY, R
i — SR 8.31451]/(mol-K) Th 5, WEKEOER a, b BE U c BRUTO & 5 icHE
sns,
R*T?

a(T)=Qq, P o Ty), Tr=T/T. (2)
A T)=|1+FO—VT) | 3)
F=0.452413+1.3098200— 0.295937 o* (4)
b=k (5)
=k (6)

22Ty, Tew PeBEV 0 3ZhFNEREBE, EHRENSE X U Pitzer DR UOEFTHD,
QeBIVP QIR LI VRESINS,

Qe=38+3(1—28)Qs+Q%+1—3¢ (7)
Q.=1-3¢ (8)
£€:=0.329032—0.076799w+0.0211947 &? (9)
F72, Qs BEATD 3 XRARDOB/NERTH 3.

Q3+ (2—-38)03+382Q,— =0 10

—%, RDEEHRF Z=PY/RT DIXRE L TERTSIELHTE 3,
Z3+(C-1)Z2*+(A—2BC—B*~B—C)Z+(B*C+BC—AB)=0 1)
A=2 B=1L, c=2L )

PTRIZ 3 E$cihiER TH D, Soave-Redlich-Kwong (SRK) 7% Peng-Robinson (PR)
% ED 2 ERRERICHANTYEKEFEOERS—2% v, —RiZ, 2 EBRERIIHAO LEE
WX A FENEEE 208, 3 EERER T, 3BHO NI A Y 2HEBHLE LTHNT 52
LY, BEOHEBICH L THERANLBENIGEONL IS IL TV,

RA)B L COIZRAARZTRYECR L TERSNATHY, KFETHRE T 2FHHGEYD
BizbZlDg O THEAL .

BEVD~OPTROBEMIZBWT, Patel 5 3RATHRINBZEEH] (Wb®W 2 simple mix-
ing rule) ZHREL T 2% FHETH ZOREEHO TREVICH T 2R ZHE LTz,

Cl:zzxixjaij (13)
aii:ai,ajj:aj,aij:ajz’:(l_kij)\/aia—j (14)
b= inbi (15)
c=2x:C (16)

ZZTC, xixENHEE [mol/mol] THY, BmZF I X BFHORS T AETHBE I L%
RN, RN BT 2 by BESTREEFERFRETH D, EE S FEOEHIE L DRESR/N
W3 EDWCHRET S, —RIE, kIZEBEREEZ2E-D.

2.2 BARKEEBOEH
PTRA» O 7HYF 4, BEIVINVEBIUVEEIY buttrEH T2,
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2.2.1 7HYT4
WMYTEDT7HYT 4 fBLOTH YT 4 BBOIIRARTEBEI NS,

mﬂfﬁm—maT P)— RT[( RTﬁP(T const.) w

T=const. BRALDOBA BT T B—FBIRInb L RLTWwS, PTROL I %
P=P(T, v) BROREXN»oHETE 255, ERXZ v 2EPRB LTI CEEHIN
ERA L7255,

1 RT
Ing=(Z~1)~InZ +7r (f;ﬁpyi a8
FRePTRZ2HEH T HLIEXRABESNS,
(71 _ a 2vtbtc—m

Ing=(Z—-1)—In(Z—B)+ RTmln20+b+c+m (19

T,
=,/ b*+c*+6bc 0

ThH 5,

—77, nBORS» OSBRI NDEEYD Nmol] BET 2 L&, ZOREVWHORS i D7
BT 4 [ BEOTHYT 418 6 IRATEESI NS,

71’(T9 Pa .1')
In x:P

=ln¢{T, P, x)

_ 1 [fRT fdP ~ ~
_RT,/;[ v N(&Ni)T,P,N#J]dU InZ, (T, N=const.) @)

22T, x=(x1, X235 "y T) BE S N=(Ny, Noy -, Ni) THYH, T, N=const. Z&hE
AOBEAEBOTTBLUNS—BIEN2Z 2R LTWS, ERICPTRZ2HEH I NI
RABESNS,

o b
Ing.=—In(Z—B)+—%5— {

(bb;+3b:c+3bc;i+ cci))v+ b ci+ bic®— bbic — bccz}
RTw[v*+(b+c)v—bc]

+[ 23 xia;  al(bb;+3bc:+3b:c+ cc;) }1 121)+b+c—m

RTm RTw’ Yoot b+ct+m

2.2.2 BEIYINE
MMEORBE L VY B ZRRTERESN D,
(T, P)=iT, P)—[n(T)—h(Tp)]
=rT(Z-1+ [ 7(95),~ P v, (T=const) o)

22T, To 3HEBETHY, LHRZFICIHESEK N T 2ETHSE I LERT, ER
CPTRZHEH T NIEXRANES NS,

R_ . a—Ta ; 20+tbtc—m
W=RT(Z—1)+ ln20+b+c+m (24
ZZT,
,_da _ o R*TS
@ =g =0 p F\Tp, )
ThH 5.

—%, BEVIORE LI VE h® ik
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hR(T, Ps -r):h(Ta P’ x)_hIGM(Ty .1')
=IT, P, x)=Zalni(T)—hi(To)]

=RT(Z— 1)+f[ (8T> P]dv, (T, N=const.) 26)

EEZEIND, LBRZTF IGM ZEESEREYICN T 2ETHS I L 2RT,

KODFEAELZRDOREL RO ETREICTHY, PTRZHEALERLAUNEF—
k5, d FREVICHT 2 a DEEMSTRIRERS R, fIZ1E, 2BRAEEwCHL
TRARBB LWL Y

a=a?+2x(1—x2)1—ke)Vaia: +(1—x)a, @)
Lighho,
o2 N1 p NGzt @2 | e
ad=adx*+x(1—x)(1— k) o +(1—2x)°d, 29

ThHb, 12770 ni=zx, r=1—xThb.

2.2.3 BEx> oy
MPE T 3RELY boE " RRATEHRS NG,
s"(T, P)=s(T, P)=[s"(T, P)=s"(To, P)]

=Ran+'[ov[<g—§,>v~—§jldv, (T =const.) 29
2T, RIZEEFETHS, ERCPTAEEAHL BRI
3R=R1n(Z~B)——~1 plttbotc—m )

20+b+c+m
—%, BEYIOST2BFEL boy s* i
s®(T, P, x)=s(T, P, x)—s"“(T, P, x)
=s(T, P, x)—Z‘xf[st(T, P)—si(Ty, P))—Rlnx:]

—RT(Z— 1+f[ (aT” P]dv, (T, N=const.) )

EFREPTAE#EA T NI ORAEL L A—DRERBZTFONS, 72720, AR TEHER
n3bOThFNIEESE (2 BMEEMOEE

3. BPEER

3.1 fHE

3.1.1 HFCH

R32, R125 B LU R13a icitl, PTREZ AW CEIIZRRE Ps, IR O AR of, fafz
K[OHAETE 0¥ B L OEREBEH AL 2578 L, Tillner-Roth & DREERIC X 2E L EEB L 72, #
HEE1, 2BXU3ERT. BEDRD, PRA»SHEUMEL TR L, Milligt
BE T,=TIT. THY, HHOD der B LV Ser 1E, 2R FNPTRB & 'PRR O Tillner-Roth
5 DRERCH T 2 HNEETH S, Thbb,
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Sop = Xp1— X1R_ _ Xer— X )
PT — XTR ) PR XTR
ZZTXWE P, v vV BLXUTARODWT O %EERL, THRAFPT, PREIUTRIZZN

ZNPT R, PRAB & U Tillner-Roth & DIRER W L 25 EHETHE I L E2RL TS, &Y
Bzt AL LTROZ EBE Z 5.

® R32: P BL U vV NE IR+ 4 BLIN, AL MR+ 5 BLINDEZ L ko2, v BEFEL

te @Bz ble o THOBUEDBRERE U, PBBLU v LT, PTROFEEIZPR

RICHRTHZEI N TS,

® R125: Ps, v" BL U ARDNFIZE 4 LW, 0" 3£ 5 BN EE ST,

® Ri34a: 3T+ 4 BUNDBEE -7, v- LT, PT ROFHEER PR ATH~RT

WEIANTNES,

BLE® X 3z, Tillner-Roth & DREERIZG T 2 PT ROMMERZ X, R32 D " 2ERWT+
4 %BETHY, ERALRTIRBETHS. 1PL, PRA»LOUEBEZERSELEKREL L
<, BIHEENELL 22K H 2, HFCEIZH L TPTROFABEBEOIHRIZ/NS W ZE
3.

3.1.2 HFEH
ek 5 13 HFE HORIMARKRE Ps B L VSRR EE of i+ 2R U TR E2RBELC
W54,

TyinP,=A:(1— Ty)+ A(1— T))V3+ As(1— T»)*+ As(1— T,)® 33
3
oF= pc[l—I—B(l— T+ ;Bi(l — Tr)bi’s] 34

HFE245mc 8 & ' HFE143m 12343 2 WRADEH 2 £ 2 o~ d.

Table 2 : Constants of Eq. (33) and (34) for HFE245mc and HFE143m

HFE245mc HFE143m

A —7.73986 —7.476524
A 1.52151 1.641128
As —4.05631 —3.963606
Ay —11.0921 6.191351
B 0.324 0.325

b 2 2

b2 4 4

bs 6 6

B 1.43926 1.99909
b 1.69075 —0.355504
B —1.54018 3.30864
Bs 1.57395 —3.10010

PTRBIUVPRRA 205 PsB L Ut ZEHEL, ARBL UM B EELER L. &
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B2 4BLU5WERT.

HFE245mc & O HFE143m QW Fhicst L Th, Ps BEFELLERKICBWTE 2 %LAAD
#WETH S, —7, HFE245me D p* iI2 DWW TiX 0.6< Tr<0.85 BT+ 5 BLUNDEETH
255, T,>085 BV TIFEENKE L holz, £/, HFEMU3m @ p" DWW TREIE L4
BIZBWTEREIRS BUEE RS T,
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Figure 1: Relative errors of PT equation of state and PR equation of state
from the formulation by Tillner-Roth et al. for R32
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Figure 3: Relative errors of PT equation of state and PR equation of state
from the formulation by Tillner-Roth et al. for R134a
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Figure 4. Relative errors of PT equation of state and PR equation of state
from the correlation by Sato et al. for HFE245mc

0.01 | I T I ¥ l T
& O ——== 2222
£ e _— i
W& -0.01 pe” AL
L T/ Orm
. | ) l ) | .
002y 6 0.7 0.8 0.9 1

JL]II'I

08
T,

(b) density of saturated liquid

—

Figure 5: Relative errors of PT equation of state and PR equation of state
from the correlation by Sato et al. for HFE143m
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3.2 REDY

3.2.1 R32-R134a

Nagel 5 i3 R32-R134a B &Y O K FH B % 200K 2> & 350K ORE#HE TRIZE L Tw»
2°, B6 1%, Nagel 5> DHERER (Lexps Yexp) B E VUPTRD & DFHERER (Xeaty Year) & FNZF
NS L UM - LCRR LD DTH B, by BRIRTED THY, BEGHICIECT
SFEOMER A7z, 2o id Nagel &5 DEIERBR L DEESR/NERD LI CHEDIZETD
%, #A4WE, T, P, (Texpsy Yexn)s (Teay Yew) BE VEIBREROHEMNBEE . BLUS &%
EDTRLT.

PT R X 25 EEROMMNEZIZIZIZ 1 BUANTH D, FHEERIZIEE CE WL,

1 L] | L] l L] l L l LA
| R32-R134a J
08} -
g 06} -
a8
28 04 -
3
= L
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o2k 200250k @ 0O i
250-300K + A
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Xoxps Vorp [M01(R32)/m01]

Figure 6. Comparison of liquid compositions and vapor compositiohs
computed by PT equation of state with those measured by Nagel
et al. for R32-R134a mixture

Table 3 : k; values used for VLE calculation of R32-R134a mixture.

temperature range[K] ki; value
200—250 0.002581
250—300 0.001731
300—350 —0.0005906
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Table 4 : Liquid compositions and vapor compositions at VLE measured by Nagel et
al. and computed using PT equation of state for R32-R134a mixture

T l P ” ZLexp Zeal ‘ Ox ” Yexp | Yeal ’ Oy |
202.874 29.47| 0.7780 | 0.79886 2.681 | 0.9324 | 0.93954 0.766
203.016 14.82 ) 0.2302 | 0.22849 | —0.745) 0.5796 | 0.57877 | —0.143
203.078 22.841 0.5143 | 0.52030 1.167 | 0.8233 | 0.82393 0.077
206.058 27.48 1 0.5139 | 0.51786 0.770 ) 0.8151 | 0.81837 0.401
212.881 41.23 | 0.5155 | 0.51709 0.308 || 0.8085| 0.80837 | —0.017
213.188 54.36 | 0.7780 | 0.79223 1.829 | 0.9268 | 0.93212 0.574
213.248 27.96 | 0.2302 | 0.22600 | —1.826 || 0.5521 | 0.55004 | —0.373
222.775 70.38 | 0.5129 | 0.51290 | —0.001 | 0.7912 | 0.79221 0.127
223.136 71.80 | 0.5139 ] 0.51413 0.044 || 0.7927]0.79248 | —0.028
223.150 92.38| 0.7705| 0.78674 2.108 || 0.9203 | 0.92497 0.507
232.901 | 115.74|| 0.5150 | 0.51210 | —0.562 || 0.77751 0.77798 0.061
233.133 | 149.25| 0.7700 | 0.78168 1.517 || 0.9134 | 0.91767 0.468
233.293 81.62| 0.229210.22632 | —1.256 || 0.5010 | 0.50618 1.035
233.844 | 120.67 | 0.5120 | 0.51000 [ —0.391} 0.7740 | 0.77532 0.171
242.676 | 178.67 | 0.5136 | 0.50980 | —0.741 || 0.7625 | 0.76335 0.111
243.180 | 231.18| 0.7698 | 0.77656 0.878 | 0.9068 | 0.90998 0.350
253.095 | 342.781 0.7686 | 0.77367 0.659 | 0.8998 | 0.90344 0.404
253.200 | 195.95) 0.22850.22797 | —0.232 || 0.4591 | 0.46869 2.089
253.402 | 274.91| 0.5102 | 0.50753 | —0.524 || 0.7445 | 0.74733 0.380
262.845 | 390.43| 0.5099 | 0.50711 | —0.548 | 0.7312 | 0.73441 0.438
263.140 | 494.07 | 0.7679 | 0.76941 0.197 || 0.8934 | 0.89536 0.220
273.077 | 689.16|| 0.7669 | 0.76551 | —0.182 | 0.8862 | 0.88703 0.094
273.427 | 558.04 | 0.5077 | 0.50199 | —1.125( 0.7144 | 0.71613 0.241
273.791 | 417.55| 0.2260 | 0.22610 0.046 || 0.4212 | 0.43023 2.144
283.146 | 941.18 | 0.7670 | 0.76190 | —0.665 | 0.8788 | 0.87819 | —0.069
283.265 | 567.72| 0.2246 | 0.22461 0.003| 0.4041 | 0.41249 2.075
283.398 | 763.41| 0.5062 | 0.50079 | —1.069 | 0.6998 | 0.70129 0.213
293.107 | 1253.10 || 0.7655 | 0.75888 | —0.865 || 0.8707 | 0.86907 | —0.188
293.632 1 1025.50 | 0.5025 | 0.49639 | —1.216| 0.6823 | 0.68289 0.086
303.009 [ 1321.80 || 0.5021 | 0.50039 | —0.342 | 0.6686 | 0.67189 0.492
303.174 1 1013.10 | 0.2217 | 0.22553 1.726 || 0.3711 | 0.37952 2.270
303.389 | 1649.70 || 0.7642 | 0.76007 | —0.540 || 0.8619 | 0.86239 0.056
313.051 | 1700.90 || 0.4980 | 0.49574 | —0.454 || 0.6497 | 0.65183 0.327
323.129 | 1680.00 || 0.2187 | 0.22110 1.099] 0.3380 | 0.34160 1.065
323.151 | 2159.40 || 0.4945|0.49271 | —0.362| 0.6316 | 0.63160 0.000
323.151 | 2664.10 || 0.7619 | 0.75644 | —0.717 || 0.8427 | 0.84070 | —0.238
323.191 | 2163.80 || 0.4966 | 0.49402 | —0.520 || 0.6331 | 0.63270 | —0.063
333.192 1 2699.70 || 0.4930 | 0.49063 | —0.482 || 0.6122 | 0.61027 | —0.316
342.868 | 4083.60 | 0.7581 | 0.75999 0.249 || 0.8174 | 0.81563 | —0.216
343.000 | 3319.40 || 0.4896 | 0.49063 0.209) 0.5911 | 0.58821 | —0.489
343.159 | 2633.80 | 0.2143 | 0.21810 1.772 | 0.3041 | 0.30287 | —0.406
343.300 | 3342.70 | 0.4903 | 0.49170 0.286 || 0.5919 | 0.58846 | —0.581

T:[K], P:[kPal, x, y:[mol(R32)/mol]
61:(xcal_xexp)/xexp X 100, 8y:(ycal_ yexp)/yexp X100

3.2.2 RI125-R134a

Nagel & i3 R125-R134a AWK L T H 200K 5 & 350K 0 iR & ¢ [ s o Hl E
BToTw3°, K71, Nagel & DHIEMHE(exps Yexp)B & U PT KT & 251 EME (Xeat, Yea)) %
FhENBEIS L O L CRRLIBDTH B, k3RS KRTEY THY, ZOREH
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LCHEEGHEIGUCIEEDEEZ AW, 612, T, P, (Texps Yexp)s (Teats Year) B
XU EEROEEE . BLU S, 2 E LD TR,
HEEBROHNEZIZIFIF2BLUNTHY, ZORKKT LT PTROFHBEZEEICR
FThs.
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Figure 7. Comparison of liquid compositions and vapor compositions

computed by PT equation of state with those measured by Nagel
et al. for R125-R134a mixture

Table 5 : k; values used for VLE calculation of R125-R134a mixture.

temperature range[K] ki; value
200—250 0.0009723
250—300 0.005148
300—350 0.004290
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Table 6 : Liquid compositions and vapor compositions at VLE measured by Nagel et

al. and computed using PT equation of state for R125-R134a mixture

| T P Zexp ZXcal 61 Yexp Yeal 6y
206.109 17.20 | 0.2707 | 0.25499 | —5.803 || 0.5728 | 0.56288 | —1.732
206.264 30.03 | 0.7491 |0.74188 | —0.964 || 0.9121 | 0.90734 | —0.522
206.296 23.59 1 0.4988 | 0.48785 | —2.195| 0.7799 | 0.77340 | —0.834
223.156 76.94 | 0.7489 | 0.75367 0.637 | 0.8979 | 0.89857 0.075
223.188 61.66 || 0.4984 | 0.49842 0.004 ) 0.7490 | 0.75100 0.266
223.246 47.30 | 0.270510.26557 | —1.823 | 0.5326 | 0.53396 0.255
233.557 | 102.30| 0.4992 | 0.49858 | —0.124| 0.7320 | 0.73395 0.266
243.161 | 157.71) 0.4970 | 0.50662 1.936 | 0.7142 | 0.72476 1.478
243.214 | 193.29| 0.7472 | 0.76064 1.798 | 0.8795 | 0.88625 0.767
243.254 | 125.22| 0.2698 | 0.27373 1.457 | 0.4907 | 0.50152 2.205
263.135 | 278.77 ) 0.2687 | 0.26510 | —1.340| 0.4535 | (.45883 1.175
263.157 | 343.18 | 0.4955 | 0.49486 | —0.129| 0.6819 | 0.68478 0.423
263.197 | 412.98 | 0.7460 | 0.75266 0.893 | 0.8612 | 0.86356 0.273
283.003 | 659.33 | 0.4928 | 0.49279 | —0.001 | 0.6500 | 0.65349 0.537
283.060 | 548.33 | 0.2670 | 0.26576 | —0.466 | 0.4195 | 0.42588 1.520
283.062 | 781.17 | 0.7433 | 0.74786 0.613 11 0.8426 | 0.84425 0.196
303.137 | 983.80 | 0.2642 | 0.26548 0.484 | 0.3879 | 0.39355 1.457
303.152 | 1162.10 | 0.4887 | 0.49024 0.315) 0.6188 | 0.62143 0.426
303.163 | 1360.50 || 0.7409 | 0.74163 0.098 | 0.8227 | 0.82233 | —0.045
322.987 | 1628.80 | 0.2614 | 0.26100 | —0.153 || 0.3585 | 0.35849 | —0.004
323.155 | 1902.40 || 0.4840 | 0.48388 | —0.024 | 0.5862 | 0.58410 | —0.359
323.315 | 2214.70 | 0.7378 | 0.73417 | —0.492 | 0.8010 | 0.79503 | —0.746
343.204 | 2569.30 || 0.2575 | 0.25777 0.106 | 0.3279 | 0.32270 | —1.586
343.293 | 2960.60 | 0.4789 | 0.48273 0.800| 0.5491 | 0.54424 | —0.885

T:[K], P:[kPal, z, y:[mol (R125)/mol]
Bx:(xcal—xexp) /xexp X 100, 6y:(ycal - yexp)/yexp X100

3.2.3 R134a-HFE134m ‘

iRk 5 i3 R134a—HFEI3m B EW O B UL F1 % 280K 2 5 350K O R EHP THIE L Tw
%4 &K1, x, T, EHES OMERHR (Poew, RIUFMFICBT S PT A TORHERHR (Po)ea
B L UBHEREROMNERE 6 2717, I RTOFRMFICB VT £;=0.0069445 & L7z,

AR OMNBRERZ 1 % UATHY, B THEER ZOROWBRAENZFRITE TV L
W25,

3.3 2o

PTREER % > THESEYE T H 5 R32, R125, R134a, HFE245mc 3 L ¢f HFE143m
DRI RETE L, BERERB & CEHIE & Qg » & 7 OF 42 MEE L 72,

R32, R125 B & U* R134a x0T, MEMASKHE, SMKROILARE, MR KOLAEES &
UERBRELTEL, WEEEOREX» SHE L E LB L .. —F, HFE246me 8 & U
HFE1l43mc 2 DWW Tid, fAfIAKES L RO EE 2HE L, KHECE D SHEX» S
RO/-EEHB L, Zns OHED» S, R32 OREMKRILEE 2R W T, PT ROHEMEEIZE
F_ERTEECTEE /NS W & 2HERL )2,

R32-R134a IBEE X UF R125-R134a IBEWIZ DWW T, [UIETFETHLR O EE & =HHME %
U7z, &7z, 134a-HFEM3m BAEMCDOWT, BAENOFEME L ERELZHER L. b
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Table 7 : Bubble-point pressures measured by Sato. et al. and computed using PT
equation of state for R134a-HFE143m mixture

X T (Pb)exp (Pb)cal 8
0.2496 | 279.989 340.4 | 340.3943 | —0.002
0.2496 | 289.988 473.4 | 470.9534 | —0.517
0.2496 | 299.987 639.2 | 636.6080 | —0.406
0.2496 | 309.986 843.7 | 843.0525 | —0.077
0.2496 | 319.986 | 1094.3 | 1096.3813 0.190
0.2496 | 329.985 | 1396.5 | 1402.9965 0.465
0.2496 | 339.985 | 1760.5 | 1769.8234 0.530
0.2496 | 349.984 | 2188.4 | 2204.0937 0.717
0.4988 | 279.989 | 354.2 | 353.4671 | —0.207
0.4988 | 289.988 491.9 | 489.7279 | —0.442
0.4988 | 299.987 665.3 | 662.8363 | —0.370
0.4988 | 309.986 879.5 | 878.8254 | —0.077
0.4988 | 319.986 | 1141.9 | 1144.1621 0.198
0.4988 |°329.985 | 1458.9 | 1465.6535 0.463
0.4988 | 339.985 | 1839.8 | 1850.6745 0.591
0.4988 | 349.984 | 2290.2 | 2306.9412 0.731
0.7454 | 279.989 362.5 | 363.0005 0.138
0.7454 | 289.988 505.7 | 503.9206 | —0.352
0.7454 | 299.987 685.0 | 683.2692 | —0.253
0.7454 | 309.986 908.2 | 907.4204 | —0.086
0.7454 | 319.986 | 1181.1 | 1183.2253 0.180
0.7454 | 329.985 | 1512.3 | 1517.9211 0.372
0.7454 | 339.985 | 1908.8 | 1919.3773 0.554
0.7454 | 349.984 | 2379.6 | 2395.8762 0.684

x: [mol(R134a)/mol], T:[K], P.:[kPa]
6:[(Pb)cal_(Pb)exp]/(Pb)exp X100
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