o554 12 Hm & X @ kK O F ¥ W Vol. 55 No. 12
2021 4 12 H JOURNAL OF XI"AN JIAOTONG UNIVERSITY Dec. 2021

ETRREBHEREELMMESH S TRHME

FREHL . AAES . TRRhE
(LK RPN TR B, 710061, P99 ; 2. VY4 A0 R BB 5 TR AHE M E S L%, 710049, P%)
WE: ATRKARE T ERRRASF A TR E A3 I, T b3 280 2 R KR
BAERBERARLFH AN RACRKE % 4 SR KRR, HE AR AREEHFO) AR
(HFC) etz fa CO, £ M0 11 AHALRAZTRTEBEL ZAHNABHORIRERZ . AAHET
AR T ER R TRELEN ) TFTEMAB LI At S EERABERR.FTELSF AR
MRS FNHFEALRBOEREALARKIE S AL LhE, ZREAN ARG ST
AR FZ REHRPLBRE A CO, 2L, A FANMAE URBIE R & KB 3F-FHmEDT
5.1% . ZARR T A A TAM N R R RE LU T A4 A TR 69 56 53R e B A AN A ILA 5
TR R AR A TG R R ToLeh ek & ARG E i — ik,
KRR BEED RHAE REHEIR
RESES: TKI2I X#EERERHG: A
DOI: 10.7652/xjtuxb202112021 X EHHS . 0253-987X(2021)12-0180-09

OSID 15

A Viscosity Model of Refrigerant Mixtures Based on
Excess Entropy Scaling Method

KANG Kai', GU Yaxiu's, WANG Xiaopo®
(1. School of Civil Engineering, Chang’an University, Xi’an 710061, China;
2. Key Laboratory of Thermo-Fluid Science and Engineering of MOE, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In order to obtain reliable basic viscosity data of the new environment mixed
refrigeration working medium and to provide technical support for industrial process design,
system optimization and equipment research and development, the simplified perturbed-chain
statistical association fluid theory is used to establish the function relationship between the
reduced residual entropy and the dimensionless reduced viscosity of 11 refrigerants, including
hydrofluorolefins, hydrofluorocarbons, alkanes and CO,. The vapor-liquid equilibrium properties
and the possible highly non-ideal viscosity properties affected by molecular structure and
electrostatic distribution are systematically studied. The parameters of pure compounds are
extended to multivariate complex system by combining the predictive mixing rule. The results
show that the maximum absolute mean deviation between the predicted viscosities from the model
and the experimental data is less than 5. 1% for the multivariate complex system, except for some
systems containing CO, in the near critical point. It is verified that the proposed model is capable
of predicting the viscosity of complex refrigerant mixtures far away from the critical region.

However, the model still needs to be further improved for the complex system in the near critical
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Table 1 PC-SAFT model parameters of the compounds in study
T 5 m o/nm (E+ ks /K B4 ke Y5 /K Dr/%
R134a 3.248 3 0.301 6 170. 60 by 273~337 0. 27012
R1234yf 2.857 8 0.336 2 176. 86 [12] 260~350 0.12
R152a 2.734 5 0.309 7 191.52 <3 260~350 0. 80412
R227ca 3.580 5 0.329 4 162. 86 7R 250~350 0. 152
R1234ze(E) 3.006 7 0.328 4 179. 87 [12] 250~330 0.12
R32 2.575 8 0.276 9 180. 94 Ny 250~330 1. 1302
R600a 2.261 6 0.3757 216.53 [12] 113~407 1.47
R290 2.002 0 0.361 8 208. 11 [12] 85~523 0.77
CO, 2.072 9 0.278 5 169. 21 [12] 216~304 2.73
R125 3.133 1 0.3116 156. 01 AL 250~339 0. 1402
R143a 2.675 5 0.3217 172. 54 AL 250~330 0. 88t
A2 BARIRAEEARE AHK
Table 2 Calibration parameters of the compounds in study
TR A B Cc/107? D/107* TS R /K D/ %
R134a —5.045 0 —0.403 9 —13.588 —3.860 9 200~360 0. 2002
R1234yf —5.075 7 —0.392 8 —11.941 —2.498 0 220~360 0. 4402
R152a —4.257 1 —0.179 8 3.226 9 0.769 9 200~360 0. 494
R227¢a —5.0250 —0.405 0 —9.424 3 —1.929 1 200~360 0. 250
R1234ze(E) —5.019 7 —0.357 0 —6.974 4 —1.124 0 200~360 1. 29012
R32 —5.3010 —0.400 9 —14. 004 —3.124 1 200~350 1. 400
R600a —3.988 1 —0.187 8 0.084 5 —0.109 1 200~360 0. 084
R290 —5.0250 —0.404 7 —15.411 —3.2727 200~360 1. 25012
CO, —5.766 4 —0.604 1 —34.613 —10.017 0 220~300 0. 501
R125 —5.0259 —0.424 0 —14. 930 —4.125 2 200~330 0. 34012
R143a —5.116 9 —0.407 4 —14. 628 —3.6817 200~ 340 0. 52012
300 400
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Fig. 1 Comparison between literature viscosities'*'" and calculated results of R1234yfl**' and R1234ze(E)"*]

http: // zkxb. xjtu. edu. cn




184 [ . ]

Ko

R

Eird i 55 4

B 2 451 T R152a-+R600a Fl R32+R134a [
TR A PR B e X 4 AR . RS RIS R A il 3R
7 SCHRZE FE S W Bl A SRS R . Ll EUdE S
AR SCTESEAE B 0 fe K46 % P ¥ 25 /N F 1,306 . R
PEEERTTLLE H, sPC-SAFT Ak 24 J7 F2 e 08 1 i i

14

0'40 0.2 0.4 0.6 0.8 1.0
x,y(R152a)

(a)R152a+R600a" "

W3, 4% ek 153 e vk (hn R152a+R600a) DL K 353
FRAR VS WPE B (i R324R134a) () =TTk 2 V5 W #H
ST ST Shy 0 % 0 R R A R PO 4R IR T 1R ST A B
W, £ 34T SCER B A5 B 0 oo fE
S8,

121
10
038
<
2
[
0.6
0.4% TK
0262.15
0273.15
02 : . . (A283.15
<0 0.2 0.4 0.6 0.3 1.0

xy(R32)
(b)R32+R134a"™

B2 R152a-R600a™ Al RS2 R134a 4 YA -6 M AT 9240 4 15 S - 0t 6
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Table 3 Binary interaction parameter k; regressed from

vapor-liquid equilibrium properties

B TRARS ki
R134a+R32M% —0.003 8
R600a+R152al'™ 0.055 6
R134a+R1234yft'* 0.007 7
R32+R1234yf1 0.013 2
R134a+R1234ze(E)M) 0.004 7
R134a+R152a"%" —0.004 1
R32+R1234ze(E)P?Y 0.004 5
CO, +R1234ze(E)2 0. 006 4
R134a-+CO, 0.012 6
R2904+R600a-" —0.006 4
R134a+R125% —0.001 6
R143a+R125% 0.000 7
R152a-+ R1234yft?™ 0.007 9
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Fig. 3 A comparison between calculated and literature values of viscosity*?**-**-*") for multicomponent mixed refrigerants
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Table 4 A comparison between calculated and literature values of viscosity for multicomponent mixed refrigerants

il ¥ T 5T /K . J175 H / MPa BHE A~ %1 Dr
R32+R1234y{"Y 283. 07~320. 16 2.23~3.02 25 3.32
R143a+R12554 253.26~293. 33 1.92~9.93 110 0. 99
R32+R1234ze(E)F 293.15~348. 18 0.76~4. 37 21 2.83
R1234yf-+R152a"" 278.12~333. 15 0.38~1.67 12 1.54
R32-+R134a" 246.07~335.10 0.17~2.63 147 2. 48
R125+R134a5 248.93~345.11 0.17~2.80 156 2.12
R134a+R1234yf 293.15~358. 15 0.59~3.33 24 2.24
R134a-+R1234ze(E)% 293.10~369. 15 0.51~3.22 9 1. 92
R32-+R12557 253.31~363. 16 1.32~7.45 8 5.09
R125+4CO, "™ 253.61~322. 96 3.82~8.08 11 4. 66
R32+CO, """ 243. 68~293. 28 4.97~6.49 8 2.47
R134a+CO," 233. 40~313. 20 3.61~6.02 11 4. 42
R32+R125+R134a" 245. 65~330. 10 0.22~2.83 81 3.48
R32+R1234yf+CO, 5" 253. 32~333. 09 2.48~7.00 11 1.83
R32+R125+R134a+R1234yf+CO, = 254. 45~313. 14 2.96~8. 20 17 2.16
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