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Abstract  There is current interest in developing working fluids with low global warming potential (GWP). One such fluid is 2,3,3,3-
tetrafluoroprop-1-ene (R1234yf). Although the thermophysical properties are critical for the selection of the potential refrigerant, only a
few studies have been conducted on the thermophysical properties of refrigerant mixtures containing R1234yf. In this work, we focused on
the viscosity of R32 and the binary mixture of R32/R1234yf. The liquid viscosity of R32 and binary mixture of R32/R1234yf were presen-
ted over the temperature ranges of (263 to 350) K and (263 to 360) K at pressures up to 30 MPa using the vibrating wire viscometer.
The measurements of mixtures containing the mole fraction (0.244 8, 0.410 8, 0. 608 6 and 0. 835 6) of R32 were carried out. The over-
all uncertainties of these results were +2.0 % . The experimental results of the pure R32 and the mixture were correlated with hard-sphere
scheme. The average absolute deviations between the experimental results and the correlations were 0.28 % for R32 and 0.69 % for

R32/R1234yf, and the maximum absolute deviations were 0. 92 % and 2. 09 % , respectively. Comparisons between measurements of this

work and literatures were also presented.
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Fig.1 The principle of vibrating wire viscometer
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Tab. 1 Specification of chemical samples

K CAS &ig% K 4ali i/ %
R32 75-10-5 RININ 99.8
R1234yf 754-12-1 ERRFHR 99.5
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J il 50, e BRC LU A s S AR &, AR R HR IR I AN 25 S
JEEAR, Je A ZE SRR R1234y S50 21 5256
AR A 2R AR R ) R32 e B SL R AR
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FE 553 BT AN E R 0..005
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0.608 6.0. 835 6, 526t 8 SL4E iRk AS 141 5
ISR B RN 3 ~ 3% 6 s,

I B 52 0 0 e 78 PR S A ) 9 R M IRk
WAZBIBE A 3l AR S O R T A R R R R
B B (H., R32 1) %5 & %32 i R. Tillner-Roth
SELOL I R R AS O R4S 2, R32/R1234yf IR A
Yy BB R, Akasaka'™" JF & BOIR 2507 R
g P N i Y555 DA Sl N VAL S L R e €
mk2 ~F6 Fim,

3 SLIRHHES T

3.1 FHEER

R T AE T TR SE PR N, A SCOR) A B BR AR
821 e e T R32 A1 R32/R1234yf | b i S 0 %k
P , A ) BAR R R R
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%2 R32 BESHHE F 3 R32/RI234y1 B MR ERWHIR (x, =0.244 8)
Tab. 2 Experimental viscosity results of R32 Tab. 3 Experimental viscosity results of the mixture
BE/K 5 J3/MPa 5/ (kg/m’)  FHEE/(pPars) of R32/R1234yf(x,,, =0.244 8)
2 1093.2 169. 3 /K JES/MPa i/ (kg/m’) B/ (pPars)
5 1102.2 173.7 2 1190.2 212.0
10 1115.8 182. 4 5 1201.8 221.3
263.15 15 1128.2 190. 3 10 1219.0 234.8
20 1139.5 199, 4 263. 15 15 1234.2 248.3
25 1 150.0 206.9 20 1248.0 261.7
30 1159.8 214.7 25 1260.5 273.8
2 1023.7 136. 6 30 1272.1 286. 5
5 1036. 4 142.0 2 1123.8 168.2
10 1055.0 149.9 5 1139.7 177.0
283. 15 15 1071.1 156.9 10 1162.3 190. 3
20 1085.5 163. 6 283.15 15 1181.5 203.0
25 1098.5 171.0 20 1198.4 214.5
30 1110.4 178.7 25 1213.4 227.1
5 960. 4 113.5 30 1227.1 239.2
10 987.5 122.3 5 1070.3 142.7
15 1 .009. 4 129.9 10 1101.2 156.3
303. 15 20 1028. 1 137.1 15 1126.0 169.0
25 1 044.5 144.2 303. 15 20 1146.9 180.5
30 1 059.2 150.5 25 1165.1 191.7
5 864. 1 87.6 30 1181.3 202. 4
10 909. 5 98.5 5 989.3 114. 1
15 941. 4 107.1 10 1034.5 128. 4
323. 15 20 966. 6 114.5 323.15 15 1067.2 140.7
25 987.7 121. 4 20 1093.5 152.5
30 1 006. 0 127.9 25 1115.6 163.3
10 312.6 775 30 1134.9 173.1
15 864. 0 - 10 959. 8 105.2
343.15 20 899.5 9. 1 15 1 .004.7 118.5
343.15 20 1038. 1 130.0
» 27 103:3 25 1 065. 1 140. 3
% 920:3 109.8 30 1087.9 150. 4
10 770. 8 70.2 0 087 8 o
15 833.9 81.4 15 948. 2 101.9
350. 15 20 874.5 90.2 360. 15 20 989. 5 113.5
25 905. 3 97.5 25 1021.5 124.1
30 930. 5 104. 1 30 1047.8 133.6
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3 4 R32/R1234yf iR S Y FAE LI EHE (x gy, =0. 410 8) % 5 R32/R1234yf ;R &5 EE LIS BHE (x,, =0. 608 6)
Tab. 4 Experimental viscosity results of the mixture Tab. 5 Experimental viscosity results of the mixture of
of R32/R1234yf( x,,, =0.410 8) R32/R1234yf( x,,, =0. 608 6)

WE/K  JES/MPa B/ (kg/m®) B/ (pPass) WEE/K JEJI/MPa SR/ (kg/m’) BB/ (uPa-s)

2 1172.5 199. 1 2 1149.9 186. 1

5 1184.2 207. 6 5 1161.2 192.7

10 1201.4 220.7 10 1177.9 204.2

263.15 15 1216.7 232.6 263. 15 15 1192.8 215.1

20 1230.5 243.7 20 1 206.2 225.8

25 1243.1 254.3 25 1218.5 236.5

30 1254.7 265.5 30 1229.8 246.9

2 1103.6 158.7 2 1079. 1 148.9

5 1119.8 166.3 5 1095.0 155.7

10 1142.8 178.7 10 1117.5 167. 1

283. 15 15 1162.2 190.2 283. 15 15 1136.6 177. 8

20 1179.3 201. 8 20 1153.4 187.4

25 1194.5 212.9 25 1168. 4 197.5

30 1208.3 224.7 30 1182.0 206. 4

5 1047.0 133.6 5 1019.2 125. 1

10 1079.0 146. 4 10 1051.3 136. 8

15 1104.5 157.8 15 1 076.7 147.0

303. 15 20 1125.9 168.5 303. 15 20 1098.0 156.9

25 1144.4 179.0 25 1116.5 165.7

30 1160.9 188.6 30 1132.9 173.6

5 960. 0 105.7 5 926. 1 97. 4

10 1 008.5 119.7 10 976.9 110. 8

323.15 15 1042.9 131.6 323.15 15 1012.1 121.5

20 1 070. 1 142.2 20 1039.8 131.2

25 1092.9 152. 1 25 1062.8 140.2

30 1112.6 161.5 30 1082.7 148. 6

10 928, 1 97 2 10 889. 8 88.9

15 976. 6 109.7 15 941.6 101.0

343. 15 20 1011.9 120.5 343.15 20 978.3 110.6

25 1 040.0 130. 2 25 1007.3 119.9

30 1063.7 139. 1 30 1031.4 128.0

10 873, 1 34,8 10 854.9 81.7

15 934.3 98.3 15 915.2 94. 4

355. 15 20 975.7 109. 8 350. 15 20 955.9 104.7

25 1007.7 119.3 25 987.4 113.5

30 1034. 1 127.9 30 1013.2 121.9
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% 6 R32/R1234yf B & HI5E B LI HUE (X, =0.835 6) V, x10° = a + bT + cT* + dT° (3)

Tab. 6 Experimental viscosity results of the mixture of
R32/R1234yf( x,,, =0.835 6)

WK ESi/MPa B/ (kg/m’) B/ (pPass)
5 1130.2 180.5
10 1145.5 190. 4
263. 15 15 1159.1 199.6
20 1171.6 208. 4
25 1183.0 216. 8
30 1193.6 225.7
5 1063.6 146.7
10 1084.2 156.2
283.15 15 1102.0 165. 1
20 1117.7 173.0
25 1131.8 180.5
30 1144.6 187.6
5 986. 6 116.6
10 1016.6 126. 1
303. 15 15 1 040. 6 135.8
20 1 060. 8 144.2
25 1078.5 151.6
30 1094. 1 159.5
5 889. 8 90.9
10 939.3 103. 1
323.15 15 973.5 112.9
20 1.000. 3 121.5
25 1022.7 129.5
30 1042.0 136.5
10 845.5 81.6
15 898. 5 93.0
343. 15 20 935.3 102. 1
25 964. 2 109.9
30 988. 1 117.2
10 806. 4 74.3
15 869. 8 86.7
350. 15 20 911. 4 96. 2
25 943.0 103.9
30 968. 9 113.6

FETT i & R ol o B s S AR A IR T Y
Vo, ARSI IR ST RI R, , I8V, AT
ESUS W

R ZAT 2] R32 B e LA R B R i 22,
R 7 Frow, LIRS 5 R R T 38 4 0 e 2=
(AAD) % 0.28% , B Kl 2= (MD) 4 0.92% , —
TESEIO AN E BEYE Rl 2 N o

RTRR2HFEHFEX(1) ~KXQ) BESHREE
Tab. 7 Coefficients and deviations for the viscosity

correlation of Equations (1) — (3) for R32

2H 4
R, 1..049 980
a 30. 537 38
b ~3.841 886 x 102
¢ 6.508 349 x 10°°
d ~7.076 621 x 10*
AAD/% 0.28
MD/% 0.92

N T RN T ZOniR G W) R32/R1234yf
FHIERE I, R, i A1V i R U0 B TR 5 L U
i

Rr],mix = an,l + (1 - x>R1],2 (4)
‘/(})/,mix = xV(})/,l + (1 - x)V())/,Z (5)
y=al +8 (6)

KR, NV, B S o BIEAR R 7 R R
FEIRZS A s A3 1 BYPEEIR 43880 X TR AR B JR A
LB ASHE y IBIEIRER M, 15 5] R32/R1234yf
IR G YR LA RO 22, W3R 8 i,
SR 5 7 R S 24 446 X 258 0. 69% |, fe KAl
Z5(MD) 2 2.09% T 1 %8k 4 sk AR R AN (AT DA o
B R AR 2 5 0 6 B AR | TR st T DL RAE TR S Y
R RE
3.2 LIGEHERTEL

ARSCINAR ) R32 25 B2 52 55 B0 5 406 77 R 0 D
ZME 2 i, V. Z. Geller Z & T 253. 15 ~
347.15 K, R KA 5 5 MPa 5 [l N 19 &5 BE, fn 25
KN T. 7% 0P R EAfESE B W, M. .
Assael 2N T 273 ~ 313 K, JE iRk E] 15
MPa JuEE N BB, e K22 0 4. 9% , e /M 258
3.6% . WA, ME THAAT 273 ~313. 15 K £
JE KR 5.3% , e /M2 4.3% , 5 H AR
EHRAE BT LI, M. ], Assael U BB A A —
SEMRGMZ, A. Laesecke 25 ™ I & T AT
250 ~315 K i [l N A ZE B, I 22 4 1 170 0% 317, Je KM
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2% —1.38% , Sun Liqun 25" & T HFIZS T 233
~333 K {EHINM R, e K28 5.6% , C. M.
B. P. Oliveira 25" il & T FIA T 230 ~345 K {1
FEIN R B T il — A S 258 8. 9% , Ho 4 I
ZHBTE 3% LA, R. Heide 257 JU & T I AIZS
223 ~333 K {u [ N ARG, I o B0 A 25 76 2. 5%
LI

% 8 R32/RI234yf HEFEKX(5) ~ K (6) WESHRRE
Tab. 8 Coefficients and deviations for the viscosity correlation
of Equations (5) — (6) for R32/R1234yf

S8 2k
o 0. 002 358
B 0. 151 616
AAD/ % 0. 69
DM/ % 2.09
10.0
v
= 151 ¢®
=y a
5 50F ° x oy
A g
§’ 25¢F  J. viv =
= a, v n o
D e W AT R
L 0 esws
25 1 1 0 1 1 )
600 730 860 990 1120 1250
pl(kg/m®)
Y. N 'g ® V. Z. GellerZs!l

oM. J. AssaelZEM (HIAIRA) o M. J. AssaelZEM
oM. I. AssaelZ12 % D. Ripple Zl3!I
vA. LaeseckeZF! A Sun LiqunZg!
vC. M. B. P. OliveiraZgl o R. HeideZF!'"7)

2 R FESRHBE XK FTENRE
Fig. 2 Deviations for R32 of the experimental viscosity from

calculated values obtained with the correlation

AR S B = ) R32/R1234yf YR A W) 3 5K
BHE S WA T BRI 22 WKl 3 i s . Dang Yagu
VSR RS 00 2850 B T H I i T R32/R1234yf
TRA IR E S 283 ~ 320 K ¥ AH 2, Horp R32
(1) J53 18t 53843 0l R 30% \50% Fi 0% o 55 5 45 P
LAy TR A 22 4 0 1IE w25, e K 254 12,9
% /MR 0. 5% , FEREANBC LL R, #5230 0w
L BTG 1S KM 4% K, Cui Junwei 257 R J1 1
JEHCR I R B i T R32/R1234yf 1R & W) W AH 3%
T 5K 1 A B TRV Bl R 293 ~ 343 K, R32 Ry g
SRR 0.519 3.0.698 8 1 0.794 5. 5256 % 4
FEBAF R RS, B T 343 KRBT X R0 3 4k

it 00 2 K, A B3O H A 25 HRBAE 6% N, Cui Jun-
wei 251200 By Sz b R 4E 5 NIST REFPROP 9. 0 fi93144
ERHEAT T IR, oA 2 8 3 15 A SRS BRORSE Y G B
2R F FRAH AL o P 241 SRR S 30 i 5 A S S e
Bl s FRARAT R w22, (0 — 4o IE w22, — 4.
Ry 2% o L IR B G2 1) PR AT R R S 0 ok R
TR AW H A9 e A AR A, R T S e e A S SR
LA, 0 C ) A S S 56 AR A R BT 58 B
L, SR TR L A W & AR AR AR 21 A AR AR G
R T i T RN S B A B AR SCAE SE G o
DR IE i (A 2350 Sk 3o v YRR X, I HOAH X 4
A3 R /IN e T e OR €8 ASI DRI AR S
SIS A5 AT R R

18
* A3
1L e A Cui Junwei 25201
IS o Dang Yagu 2!l
61 900

2 1 1 1 1 1 |
700 800 900 10001100 1200 1300
pl(kg/m?)

& 3 R32/R1234yf HELHR RS KBKARNIRE
Fig. 3 Deviations for R32/R1234yf of the experimental

viscosity from the calculated values of the correlation

4 i

ARSON R32 ke R32/R1234yf iR 4 il ¥ 5] A [F)
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