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MBWR Equation of State of HFC-227ea
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Abstract: pVT experimental data of HFC-227ea published in literature were collected, and then
modified benedict-webb-rubin (MBWR) equation of state of HFC-227ea was fitted. Moreover,
the values of 32 parameters in MBWR equation were obtained. This equation is suitable for condi-
tions of the pressure from 0. 03 MPa to 53 MPa, density from 2.9 kg/m® to 1 800 kg/m?®, and
temperature from 204 K to 473 K. The average absolute deviations of this equation for gaseous

phase pressure, vapor pressure and liquid density are 0.296%, 0.213% and 0.148%,

respectively.

Keywords;: HFC-227ea; equation of state; refrigerant; pV'T property

FHARIR A Z A B T I 4k [
b Ao #4s. L RN e HFC-227ea(1,1, 1, 2,
3,3, 3-heptafluoropropane) & [E x| fx i 32 H 1) —
PR PR T 0T s BN by — PR AR A A B A 1 v 70
Ry, S H AR IRA TR 4ot F R502 Al
HCFC-22 AR, B, EPr_ L2 X HFC-227ea (1)
AT T — RN W5, pVT YL M
FZEAE 5K 7 DL K= L 4 B R 0 Fb e TR A
B EDRBERI 2RO A LR K
TSR 2] gy s — A aE T A X
HFC-227ea R AT R HEELR pVT $44Em
RIS bl = RS B2 I i T HFC-227ea 1R AN 2%
SESH pVT Bl LB RN S5 B S 4 )2

ks B 81 . 2006-05-25.
E R B &% 54 77 BhI H (50336020).

S BT A B = DAL G T AR B sl Bl 1Y IX
W ARSI ERER pVT W PE AR 5 0
FEHE RSOk AE R HEC-227ea (1) pVT SZEE K
A, 25 S T HEC-227ea () MBWR RS 7 2.

1 MBWR RS FFE

32 ZH Y modified benedict-webb-rubin(MB-
WR) R T FE BWR By #1973 4E iy Jacob-
sen Fll Stewart $#& H ™. 1% 05 Bl TR R AR S 14 37
AR R AR AR A A B R S RS
RERSAE) 12 B TRE L R 0 R0 %% B PN DA S 30 540 1) kS
FE PRI T B A M T, O BT A i A ME T fE
Hor g e R i i pR g, BRI

PEH A . FERIR1979~) 5 k2R s BRIER R RO L 5 202 B AR . BRI



38 (L7 R N S SR o541 %
R o T 18 2L R O AR T B T o
= 20 e 2™ D e e RS 2). A S KHRLET
Hep 0=p/p.» @y = RT RSV A8 7 B P 6 S . 3 2 T

a, =b,T+b,T' 2 +0b,+b,/T+0b. /T
a, = b, T+b, +b,/T+b,/T"
a,=b,T+b,+0,/T
=0b,/T+0b,./T
=0,/T+b,/T
— b, /T +b, /T
a, =b,/T"+0b,,/T" s a, =0, /T +0b, /T
a,, = by /T +0b,,/T" s a,, = by /T" + 0,/ T*
a, =b,/T" 40, /T +0b,/T
:—EQ'IP:IOC Al A B s R N AR SR G 0, (=1,
2.3,+,32) NETEAUS RS EUH.

2 MBWR 7R #E5

N TG I%TT R N SCHR P S R B T HEFC-
227ea fiy pVT HHE" Kb & Th EARER pVT
A R R A ) B T 1674
56 T E RS BEAR IR A 48 L7 R RLAR PR A, AR
— ORI ] AR A A R L HO BRI 4
R 2 W] AR A B i P HIFRAR 1 OSAZH K0
BEATIME PR {5 B L 1.

a5 — b139 aG

a, = b/ T, ag
_ 2

ag = bw/T s Ay

%1 AP R HFC-227ca #9 pVT SR 3%

- éﬁziﬁ% RETEH FEJiis R o
G/ /K /kPa

[4]  97/97  318.15~380.15 122~2832.9 S pVT
[5]  144/145  233.15~375.15 32.3~2 937.16 KEJE
[6]  18/18  326.56~375.05 999.2~2930.25 MR
(71 140/141 283~377  98.03~2454.86  SA pVT
[8]  84/84  243.03~375.14 54.05~2 936. 38 #ERJE
[9]  72/72  253.31~373.22 86.81~2 825.26 ®EK
[10]  89/104 204~383  407.02~3 185 S pVT
[11] 161/257 278~473 916~30 019 kAR &Ik 5 pVT
[12]  83/83  204.68~315.6  652~52 530 W pVT
[13]  81/81 393,423 220. 68~50 830 SR pVT
[14]  85/85  235.07~365.27 35.5~2401.5 HKERSM pVT
28 1054/1167  204.68~473  32.3~52 530 BAN XL

i, B AT & i HFC-227ea YIG A 25031
T3 2, HAR S WL SCk[ 6,12, 15-18 . SCHR[ 6 1 i

& Hh  SCHRL16-17 ] oy if 2 5 52 #4685 A SCRLH At
SCHRAA I 53 DR 2206 190 LAPY 5 SCHRL 15 1A Il 57
P RELE R s

% 2 WA HFC-227ea 16 A3
B e . e B
[17] 1992 375.95 2 943 580
[15] 1992 374. 83 2 911.6 620. 5
[12] 1994 375.05 2 952 592
[16] 1997 375. 95 — 580
[18] 1998 374. 885 2929 584
[6] 2002 375. 04 2 930 590

Pk P UL S 9 B R 7 p-T B L i 23 A
ULE 1 A1 AT RUE L B RS A T
TBORH DX AL AT L1 53 DX ARG 7 X P I X 2620
PERES B S AR T [l #5075 PR RE A T T T
BOR B AN ) .

TEAU A R P B0 /N R A LT VS R N
ARSI 053 P 2 BE X AN [] DX I R v 2 4 7 70 314
] SO 22 FEBR R A R L SR D /N ek A
SR A ST 1707 [k (DSFD) X A Akt B it 47
WRETTRMUE . Se i/ N " IRER BRI G  R e
BN 45 R AE R DSFD fifeid B rd f .

3 MBWR Ji RS 45 R S 22

24380 MBWR FRIA SEOLE 3G
B I ERAL Sy Pa, 5% BE I BRA R kg/m® iR E
IEAN7 S KGR, 2 48.900 1 J/(kg « K)).

K 2~ 4 454 HFC-227ea 1y pVT ¥4 Xt
MBWR J5 2 4 i 2.

Ml 2 BT LLE S SR 1R 25 B AR TE 0. 626
DL RS R 22 0. 296 %. HE 3 7T LLE H,
T FAZE SRR 22 FEARTE 0. 420 LA RS 34 s 22
h0.213%. f IR A FTLAE HY L RO 28 3 i 22 AR HE
0. 4% LAY » M ARSE S 22 K7 0. 148%. W 445 1
(2  TEALA I IF AR I SR L2119 %5l i 3%
FR A0 B 2t K, S XA B R AR R . A
JE A BB EE R 2 5 SO SCRk[ 21 1808 X 5 R



%1 TRk, 45 HFC-227ea 1 MBWR R A7 12

39

& 3 WAPTiF MBWR 742 2 4

7 b, i b, i b,

1 0.156 663 924 310 12 —0. 315 702 659 5 23 —0.537 036 580 7X10°
2 —0.855 957 599 2X10° 13 —0.121 578 434 5X107° | 24 —0.596 615 831 3X10°¢
3 0.135 992 307 3X10° 14 0.691 318 551 6X10°7 || 25 —0.494 711 513 2X10™*
4 —0.126 726 081 0X 107 15 —0.213 234 945 0X107* || 26 —0.362 571 826 0X 10"
5 0.622 247 443 1X10° 16 0.452 403 232 8X1077 | 27 —0.334 609 594 5X1077
6 —0.553 969 150 6X 1072 17 —0.172 176 045 6 X107 | 28 —0.252 490 672 7X10" 1
7 0.514 927 423 8X10 18 0.617 961 055 8 X107 | 29 0.495 267 272 0X1016
8 —0.175 180 483 1X10* 19 —0.129 272 020 0X107" | 30 0.539 710 572 3X107#
9 0.578 784 345 2X10° 20 —0. 313 609 652 2X10° 31 —0.508 009 513 8X 10~ *
10 0.234 496 672 4X107° 21 —0.144 623 112 8 X10* 32 —0. 384 634 982 8X 10
11 0. 201 850 153 7X 10" 22 —0.815 875 8250

v

O SCHER[4-6]
A SCHER[7-9]
# SCHR[10]
® SCHER[11]

R IR RS RS RS RS RS RS f <

360 400 440 480 520
T/K

K1 s R E S B TE p-T B oA

N
N

y -l
Py l‘xp)'P $,eXp
e e
(= [

o 3R [5]
A XHR[8-9]
* iR 14]

‘._
=
b

B
-
X
=
=
—

240 260 280 300 320 340 360 380 400
T/K

Bl 3 HRIZE SR A T4 R 5 S B (14 i 22

AT T LR 2~ 8 4), 45 ik H A P AR
M 2~& 4 fm2E A v] LAE S Ui 22 R 2. A
FREIEJE S0 0. 03~53 MPa, % fiE k2. 9~1 800
kg/m? EEE R 204 ~473 K (4705 N H A R w5k

* SCERL10]
® SCER(11]
o r#k[12]
< Ekl21]

gZFEFT
A —————
PO = bt = W
— s 0o O
Pt

eeJ %O
W i e

Vel 4 YRR R A TS SR ST O i i 2

JE AT DA R TR B AR

S5SCHRC2 )45 R He g AR T RRAE T R
I EE B 5 HIEACR 2. SCk[ 2 45 5 fE
Helmholtzs sEUE X AETHE — 2 5 B R 8



40 [ 7Y PN i1 941 4%
JofE AR pVT SRR FB (8. th T 1999, 44(6) 1402-1405.
NIST REFPROP 6. 01 # 3 £ 3% F 19 5t && MBWR [8] ShiLin, Duan Yuanyuan, Zhu Mingshan, et al. Vapor
FRIEE, 7T LR NIST REFPROP 6. 01 ¥ i pressure of 1,1,1,2,3, 3, 3-heptafluoropropane[ J .
4 B 3 T e B B S Fluid Phase Equilibria, 1999, 163(1): 109-117.
[9] Wang Weizhong, Duan Yuanyuan. Vapor pressures of
4 éljil: i/l:\; 1,1,1,3,3-pentafluoropropane (HFC-245fa) and 1,1,
\ - ; . 1,23, 3, 3-heptafluoropropane (HFC-227ca)[J]. ]
ASCULSCRRL 4-14 Tty HFC-227ea Hy pVT Chem Eng Data, 2004, 49(6): 1581-1585.
LR Bl X HEC-227ea By MBWRCRZS [10] Gruzdev V A, Khairulin R A, Komarov S G, et al.
FEHATHLG A8 T 5 R 32 DS EE . % T Thermodynamic properties of HFC-227ea[ J]. Interna-
HEJIM 0.03 % 53 MPa, Z M 2.9 2 1 800 kg/ tional Journal of Thermophysics, 2002, 23(3): 809-
m’ YA 204 2 473 K. FiZ 5 BEiHE HFC-227ea 824,
1 pVT B 5 Se i K e sl 11 S E 1 iR [11] Thmels E C, Horstmann S, Fischer K, et al. Com-
FE O 22 78 1% LU N, S 4 B R 22 0. 296%, pressed liquid and supercritical densities of 1,1,1,2,3,
RIS S R MR R 22 7E 1% LA 7Y S 29 4 %1 3, 3 - heptafluoropropane (R227ea) [J]. International
2% 0. 913% S M R 25 7 1%L . Journal of Thermophysic.s, 2002, 23(6): 1571-1585.
i’{lé@X{F{ﬁ’f/ﬁ%j@ 0. 148%. B EA A [12] Klomfar J, Hrub?f J, Sifner O. Measurements of the
(T,p.den) behaviour of 1,1,1,2,3,3, 3-heptafluoro-
B FT LA A TR V581578 22 propane( refrigerant R227) in the liquid phase[J]. J
Chem Thermodynamics, 1994, 26(9) . 965-970.
§%Iﬁﬁ [13] Patek J, Klomfar J, Prazak J, et al. The (p, psT) be-
[11 BOmii, skpkdy. HFC-227ea #4705 A 52 2 Ji& [ . haviour of 1,1,1,2, 3, 3, 3-heptafluoropropane HFC-
¥4l » 2003, 24(3) . 45-48. 227ea measured with a burnett apparatus[ J]. ] Chem
Duan Yuanyuan, Zhang Qiufang. Research progress Thermodynamics. 1998, 30(9): 1159-1172
on thermodynamic properties of HFC-227eal J]. Jour- [14] Giovanni DN. p-V-T behavior of 1.1.1,2.3.3.3-hep-
nal of Refrigeration, 2003,24(3):45-48. tafluoropropane (R227ca) [J]. ] Chem Eng Data,
(2] Brutif. fRlfe. &M PR X HFC-227ea R3S 2003, 48(5); 1332-1336.
FRRL)] TIPSR, 2003,24(1); 22-24. [15] Beyelein A 1., Desmarteau D D, Hwang S H, et al.
Duan Yuanyuan, Xiu Jianfeng. A new equation of Physical properties of fluorinated propane and butane
state for HFC-227ea over entire region[J . Journal of derivatives as alternative refrigerants[ J |. ASHRAE
Engineering Thermophysics, 2003, 24(1) :22-24. Trans, 1993, 99(1): 368-379.
[3] Jacobsen R T, Stewart R B. Thermodynamic proper- [16] Salvi-Narkhede M, Wang Baohuai, Adcock J L., et al.
ties of nitrogen including liquid and vapor phases from Vapor pressures, liquid molar volumes, vapor non-ide-
63 K to 2 000 K with pressures to 10,000 bar[]]. ality, and critical properties of some partially fluorina-
Phys Chem Ref, 1973, 2(4): 757-922. ted ethers ( CF;OCF,CF,H, CF;OCF;H, and
[4] HuPeng, Chen Zeshao, Cheng Wenlong. Gaseous CF;OCH;) , some perfluoroethers (CF; OCF, OCF; , ¢
pVT behavior of 1,1,1,2, 3,3, 3-heptafluoropropane CF,OCF,OCF,, and ¢CF, CF, CF,0O), and of
[J]. J Chem Eng Data, 2003, 48(2): 337-340. CHF, Br and CF; CFHCF;[J]. J Chem Thermodynam-
[5] Hu Peng, Chen Zeshao, Cheng Wenlong. Vapor pres- ics, 1992, 24(10); 1065-1075.
sure measurements of 1,1,1,2,3,3, 3-heptafluoropro- [17] Defibaugh D R, Moldover M R. Compressed and satu-
pane from 233. 15 to 375. 15 K [J]. J Chem Eng Data, rated liquid densities for 18 halogenated organic com-
2002, 47(1): 20-22. pounds[J]. J Chem Eng Data, 1997, 42(1). 160-168.
[6] Hu Peng., Chen Zeshao. Saturated densities and criti- [18] McLinden M O, Klein S A, Lemmon E W, et al.
cal properties of HFC-227ea[ J]. Fluid Phase Equilib- Thermodynamic properties of refrigerants and refriger-
ria, 2004, 221(1/2). 7-13. ant mixtures database, REFPROP V. 6.01 [R].
[7] Shi Lin, Duan Yuanyuan, Zhu Mingshan, et al. Gase- Gaithrsburg, MD: NIST, 1998.
ous pressure-volume-temperature properties of 1,1,1, [19] ¥JE. HI¥ TR pVT MR A SZE MBS D], &

2,3, 3, 3-heptafluoropropane[ J]. J Chem Eng Data,

AE . ERL PR R T AR 727 B » 2002,



%1 TR, %, HFC-227ca ) MBWR k75 )5 F2 11

[20] Z 37 R — A HFC-134a 94 R R0, T
FEHI AR . 1993.14(3) ¢ 234-240.
Li Li, Zhu Mingshan. A special equation of state for
HFC-134alJ]. Journal of Engineering Thermophysics,
1993,14(3) : 234-240.

[21] Scalabrin G, Bobbo S, Chouai A. (p, ps T) behavior

of 1,1,1,2,3,3,3-heptafluoropropane (HFC-227¢a) at
temperatures between 253 K and 403 K and pressures
up to 20 MPa[]J]. J Chem Eng Data, 2002, 47(2);
258-261.

(i EHE)



