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PR Equation of State Based Friction Theory Viscosity Model
for Liquid Refrigerants

WANG Xiaopo, SONG Bo, WU Jiangtao, LIU Zhigang
(State Key Laboratory of Multiphase Flow in Power Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: The experimental liquid viscosity data of 14 pure refrigerants (R152a, R123, R141b,
R11, R12, R125, R22, R32, R143a, R227ea, R236ea, R236fa, R245ca, and R245fa) are col-
lected, and then a liquid viscosity model of the refrigerants is established using the friction theory
in conjunction with the Peng-Robinson (PR) equation of state. The coefficients of the viscosity
model are obtained using the least square method. The results show that all the average absolute
deviations between the viscosity values calculated and the data in literature for the refrigerants in
the dilute gas phase are less than 1%. In addition, all the average absolute deviations between the

measurements and the viscosity values calculated with the present model for the refrigerants in

the liquid phase are 0. 31% - 1. 92%.
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Yl di ds
R152a —0.002 321 63 0. 000 442 365
R123 —0.001 473 72 0. 000 382 648
R141b —0. 002 314 99 0. 000 420 767
R11 —0.002 555 85 0. 000 466 088
R12 —0.002 509 90 0. 000 498 359
R125 —0.002 298 89 0. 000 502 409
R22 —0. 002 525 27 0. 000 518 365
R32 —0.002 529 43 0. 000 518 484
R143a —0.002 113 90 0. 000 447 033
R227ea —0.002 371 22 0. 000 480 638
R236ea —0.002 513 19 0. 000 478 364
R236{a —0. 002 444 17 0. 000 473 380
R245ca —0.002 501 17 0. 000 459 720
R245fa —0.002 448 94 0. 000 459 072

X s AR TR FH Z2 TR R BE AR, R GR
B2 W)
n = k.P.+ kP, + k., P? (3)
FH P, A P, 43524 van der Waals 5 71515 11
T3 ke, koo s R 5 U BE AT DG IR EE 52 2R A
ke = {aiexp("— 1) +a,[exp2l—2) — 1]+
as[exp(3r—3) —1]}/P. (4)
b, = {brexp(D— 1) - by [exp(2l—2) — 1]+

e, 45 R PR 7 B WORR 78 79 BE 4 B0 2 AR A 11
/);[exp(BF—B)—lj}/P( (5)
ke = ¢ exp(4l") — 1]/ P? (6)
r=71,/T (7

2 SRR AR e 2 AR M

ARSCKEEEEFEE 5 PR FREARSE AL T 14
o] ¥ 3R 0 YRORE 6 BE B AU, X 14 F ) v R A 4
R152a, R123, R141b, R11, R12, R125, R22, R32.
R143a, R227ea, R236ea, R236fa, R245ca, R245fa
S A B SICRE T R R AIX 14 R R 0
FERH B S B R VR s b i .

PR 7752 H i TR N fe )™ 12 09 57 07 BUR S

JrEt kR
_ RT _ a(l) (8)
b v(v+b) +Fblv—0)
Hrp
a = 0. 457 24aR* T?/p. (8a)
b= 0.077 80RT./p. (8b)
a=[14+,rA—=T")] (8c)

k= 0.374 64+ 1.542 26w — 0. 269 924" (8d)
PFEE IS S PR 7 ARIE 2k ok, 1
P=P,+P, (9
Hrp
P, =RT/(v—b) 10)
P, =—a/(v(v+b)+b(v—0)) (1D
KA PR 7 R s B S AR S HCanIG SR B T I
BT Po ARG HF o S HCH SCHELS ] $ X (3)
~ (DA FIH fe /N Z 3 32 P B [ )75 21
K4 ~6) & REE, Wk 2.

Z: 5 ] U3 1 25 6 4 700 AL L T 9 L R i v
FREE BRI TS 5 S 56 A 19 48 X F- 24 0 25 Saap
F K2 Sawnd T3 3. N 3 AT LA . FERLA
T Bl X P R 2 AR AE 226 LADY. T 1.2 43 3%
71 AR SCIRT YA 75280 o A 75 ) 45 i) ¥4 3510 26 g s 15 5
B CHE %) O 22 WL EE R AR A Ol TS RS M 3R
THAAE 5 S g B8 i A 22 , 72 1 14 Fifil v
Aok 2 AL 5 1 HAHE R152a, R123, R141b,
RI11.R12, R125, 5§ 2 41 & R22. R32, R143a,
R227ea,R236ea, R236fa, R245ca, R245fa). M\ K
AL O 22 Bl L R 0 1A B I 0 B AR AL
TR ) R125 i 22 580R 1Y 2 A~ 5 (i 22435
Sk 21, 64%6 . 18. 36 %0) Xt R YR B L FE F1 400 T,
=330 K,P,=2.957 9 MPa, T,=335 K,P,=3. 848
MPa. 7= Az 8 KA 25 09 J5 PR AT fig 20X 2 A i 3k

http: / www. jdxb. cn



12 i % = il Kk % ¥ i %44 %

R125 i A5 (T P 43591 8 339. 17 K. 3.617 7 FERE ] S AE Ife B DX Y00 RE 268 5 8 0 i 25 DR s 22
MPa) . 1fif PR 7 REAE TG A BT i FE SRR R

F2 R~ F&FauH A mPa s
Yy 5 a; as a; by b, bs s
R152a  —0.108 142 2.901 58 —2.977 47 —12.146 3 2. 340 38 —7.085 44 —0.078 614 3
R123 0.217 337 —1.960 08 1. 680 11 2.991 78 —0. 809 591 2.096 38 0.017 5759
R141b 0. 800 041 —1.310 33 1.438 43 6. 725 22 —2.280 19 3.585 38 0.034 373 7
R11 0.613 039 —4.168 83 4.702 91 9.274 05 —1.406 86 6.084 57 0.048 545 3
R12 0.394 529 —1.371 88 1.633 71 5. 348 83 —1.693 43 3.380 71 0.029 128
R125 0.394 923 0.572 803 0.173 151 4.889 18 —1.346 85 2.169 18 0.026 264
R22 —0.022 055 4 2.040 51 —1.971 97 —3.583 89 0.076 294 2 —2.390 9 —0.019 896 9
R32 —0. 319 945 4.1215 —4.637 11 —38.265 8 11.351 3 —21.219 3 —0. 264 846
R143a 0.109 427 1. 322 02 —0.753 282 2.327 01 0.161 143 0.392 1 0.016 780 4
R227ea —1.304 84 —22.140 5 18.473 7 —30.501 3 15.731 9 —12.110 5 —0.179 599
R236ea —1.864 12 73.129 4 —66. 280 4 22.512 4 —26.842 5 0.002 973 03 0.209 039
R236fa  0.067 625 7 128. 784 —110. 026 68. 135 —50.969 1 11.596 5 0. 484 57
R245ca —7.961 78 —9.276 8 —8.938 11 —51.645 4 3. 255 83 —15.623 6 —0.159 756
R245fa —34.585 7 —72.722 2 —11.387 9 —383.499 79. 068 5 —146. 661 —1.789 85
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Yy 5 T/K P/MPa Saan/ % S/ %6
R152a 254~343 AR ~17.7 0. 61 3.15
R123 170~353 HIFIR A ~33. 61 1.59 4.75
R141b 175~353 HLFIRZS ~30. 18 1.79 11. 99
R11 273~353 HFALRAS~18. 9 0. 28 1.29
R12 273~343 HLARR AR ~15. 1 0.34 1.10
R125 176~335 HLFHLRZS ~44. 39 1.58 21. 64
R22 190~333 HIFIARZS ~31. 46 1.92 6.92
R32 233~333 AR ~15. 55 1.23 4.49
R143a 254~323 AR A~10. 07 0.29 3.26
R227¢a 248~348 TFRES 1.25 4. 60
R236ea 262~343 HFLIR S 0. 48 1.16
R236fa 262~353 AR ZS 0.33 1.05
R245ca 248~333 VARSIEINS 0.31 1. 80
R245fa 250~315 HFRES 0.59 2.12
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