5545% 55 53] ¥ B #4 2 £ £ % & 3 4 Vol. 45,No. 5

201545 A JOURNAL OF UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA May 2015

GRS, 0253-2778(2015)05-0404-05

ETHEFZEETHESRERMFEPVI NERS
% ORLERELYE K4 B

AL ERFE AR IE ARSI TR R ZRA N 2300275
2. P BL o R R 2 TR S AR B2 SR PG R IE 230027)

WE.Z35T7T 2L THASEETHAKRPVT N ET 2%, LB EMNFEE 203.15~423. 15 K,
#1'4{7{:5;%&}@/7 0.005 K, EAMZEE 0~7 MPa, 7R # T EH 700 Pa, i@ i3 588 £ 409 75

LA T R ARAR A TG R RS TRERTHW A RIZ AR %S &% R AL 271 ~345

K.0~6 MPa je Bl Wt 47 7 £ M 2. £ 8 %2 R 5 NIST REFPROPY. 0 44 3 48 24k £ £ 0. 1% v

P‘] FHA B TS LEETRORHEZE REMNEREANZTRATEINRYGEFELERG R LS
7T .

Béﬁiﬁl FEEFIFEPVT R RA; R E B 54

FESES . TKI21 X EEERIRAD : A doi:10. 3969/j. issn. 0253-2778. 2015. 05. 009

5| A& : Xu Hang, Cai Xudong, Hu Peng, et al. High accuracy fluid PVT measurement system based on
magnetic suspension densimeter[J]. Journal of University of Science and Technology of China, 2015,
45(5) :404-408.

PR S BAR AT 5. BT HERIF R EITM SR R PVT Wi Ral)]. P EB AR KF
% ,2015,45(5) :404-408.

High accuracy fluid PVT measurement system
based on magnetic suspension densimeter

XU Hang', CAI Xudong'. HU Peng', JIN Yi*

(1. Department of Thermal Science and Energy Engineering, University of Science and Technology of China, Hefei 230027, China;
2. Experimental Center of Engineering and Material Sciences, University of Science and Technology of China, Hefei 230027, China)

Abstract: A fluid PVT measurement system based on magnetic suspension densimeter was developed. The
temperature range is 203. 15~423. 15 K with standard uncertainty of 0. 005 K, and the pressure range is
0~7.0 MPa with standard uncertainty of 700 Pa. The temperature control system was modified, thus the
time reaching equilibrium state was shortened and the temperature stability was improved. The developed
PVT system was used to measure the density of high purity nitrogen at 271 ~345 K, 0~6 MPa, and the
average absolute deviation between experimental results and the NIST REFPROP9. 0 data was within
0.1%, and the density uncertainties due to the uncertainties of fitted virial equation and measured
temperature and pressure was analyzed.
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Fig.1 Fundamental principles

of Magnetic Suspension Balance
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Fig. 2 Schematic diagram of the PVT measurement system
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Fig. 4 Temperature variation at thermal equilibrium

2 BENESER

T B UE R 50 5 G0 AT SR 6 i Al AU (Al
99. 999 % , 7 LR AR AR FE R R EE MR R Y
AT T, 35 NIST REFPROP 9. oM % 42
PEAT X HE L BOHE B T 3 1. AR 1 T LA WL IR
it B K TE AR X 2% 0. 141 %, B K kR X i 2%
—0. 148 % F ¥ 22 /8T 0.1 %0, I et 235 B 4 %)
R2E7E 0. 04 kg/m® LAIN.



b
ol
&

ATHEFZFETAOSZHEAAKAPVI MNEZRA 407

x1 AETEENELR

Tab. 1 Results of measured nitrogen gaseous density

R2 SEFEFERHE

Tab. 2 Numerical coefficients in Virial equation of state

T P Qexp PREF Ap do
/K /MPa /(kg+m ¥)/(kg+m 3)/(kgem 3) /%

270.985 5.903 8 74.737 8 74.756 4  —0.0186 —0.025
270.986 4.5155 57.020 2 57.043 3  —0.0231 —0.041
270.990 3.610 3 45.469 7 45.506 7 —0.037 0 —0.081
270.983 2.6451 33.2277 33.244 4  —0.016 7 —0.050
270.976 1.7794 22.2712 22.2954  —0.0242 —0.109
270.978 1.091 2 13.6427 13.634 5 0.008 2 0. 060
270.979 0.606 9 7.556 2 7.5672 —0.0110 —0.145
298.741 4.620 1 52.288 2 52.3139  —0.0257 —0.049
298.734 2.130 6 24.1037 24.103 8  —0.000 1 0. 000
298.742 1.036 4 11.717 6 11.709 2 0.008 4 0.072
298.750 0.810 6 9.152 7 9.1547 —0.0020 —0.022
298.751 0.508 8 5.734 9 5.7434  —0.0085 —0.148
308.314 5.336 2 58.3328 58.322 4 0.010 4 0.018
308.307 4.189 0 45.842 9 45.831 8 0.0111 0.024
308.308 2.7563 2 30.1268 30.136 2  —0.0094 —0.031
308.310 2.137 0 23.366 0 23.3893 —0.0233 —0.100
308.324 1.7244 18.8703 18. 869 8 0.000 5 0.003
308.321 0.433 8 4.749 3 4.742 6 0.006 7 0.141
326.774 5.013 1 51.4409 51.4417  —0.0008 —0.002
326.774 3.6134 37.164 3 37.162 8 0.001 5 0. 004
326.772 2.6250 26.997 1 27.0290 —0.0319 —0.118
326.773 2.1311 21.9597 21.953 2 0.006 5 0.030
326.781 1.4743 15.1931 15.193 8  —0.000 7 —0.005
326.790 0.611 9 6.3055 6.3081 —0.0026 —0.041
345.275 5.5564 0 53.6715 53.643 9 0.027 6 0.051
345.274 4.049 9 39.268 0 39.262 3 0.005 7 0.015
345.274 3.044 5 29.579 3 29.577 3 0.002 0 0.007
345.281 1.877 1 18.2594 18.2729  —0.0135 —0.074
345.280 0.343 9 3.3516 3.3545 —0.0029 —0.086
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Tab.3 Density uncertainty at various temperatures and pressures

T P u(tp) u( Perr)

/K /MPa /(kg+m %) /(kg+m )
270.0 6.0 0. 009 68 0.010 13
270.0 3.0 0.009 13 0.009 60
270.0 1.0 0.008 80 0.009 29
270.0 0.6 0.008 80 0.009 29
310.0 6.0 0.007 80 0.008 35
310.0 3.0 0.007 71 0.008 27
310.0 1.0 0.007 60 0.008 16
310.0 0.6 0.007 60 0.008 16
350.0 6.0 0.006 66 0.007 29
350.0 3.0 0.006 71 0.007 34
350.0 1.0 0.006 70 0.007 33
350.0 0.6 0.006 70 0.007 33




408

T EAFHERKFFR % 45 %

ey B T T B AR o pb R R T N AN E S Lk
F% L AN A R 3 T R ARG ) IR ey T A B T 4
P o 35 2RI g 0 AN T X R S MR A X K

4 it

A SCHENT TR T W R PR A R R B A
PVT $9M: I i R 45, Ot 18 I R 40 B A 18 3
JEE ek R M R A R L OO R R TR R T R B
R G WL I 5 5 R WO A BT AT T e, A
FHiZ 2850 7 271~ 345 K,0~6 MPa 38 [l N 1Y
AAHE, 5 NIST REFPROP 9. 0 %4 i %) L -
Yiw 22/ F 0. 1%. % & G0 J5 B fay o, 354 7 i ]
S5 RERS T AR PVT P B A% v RS B I R

£ % 3 ik (References)

[ 1] Goodwin A, Marsh K N, Wakeham W A.
Measurement of the thermodynamic properties of single
phases{ M]. Amsterdam: Elsevier Science, 2003.

[ 2] Masui R. Development of a magnetic suspension
densimeter and measurement of the density of toluene
(7.
23(4): 921-935.

[ 3] Wagner W, Brachth? user K, Kleinrahm R, et al. A
new accurate single-sinker densimeter for temperatures
from 233 to 523 K at pressures up to 30 MPal[]].
International Journal of Thermophysics, 1995, 16(2):
399-411.

[ 4 ] Richter M,

Thermodynamic

International Journal of Thermophysics, 2002,

McLinden M O, E W.
properties of 2, 3, 3, 3-

Lemmon

tetrafluoroprop-1-ene (R1234yf): Vapor pressure and

[5]

L6]

L7]

£8]

L9l

[10]

p-o-T measurements and an equation of state []].
Journal of Chemical &. Engineering Data, 2011,
56(7): 3 254-3 264.

Li H, Gong M, Guo H, et al. Measurement of the
temperature ) relation of a

( pressure, density.,

( methane -+ nitrogen) gaseous mixture using an
accurate single-sinker densimeter[ J]. The Journal of
Chemical Thermodynamics, 2013, 59: 233-238.

Wagner W,

accurate density measurements of fluids over large

Kleinrahm R. Densimeters for very
ranges of temperature, pressure, and density [ ] ].
Metrologia, 2004, 41 (2): S24; doi: 10. 1088/0026-
1394/41/2/803.

McLinden M O, Kleinrahm R, Wagner W. Force
transmission errors in magnetic suspension densimeters
[J]. International Journal of Thermophysics, 2007,
28(2): 429-448.

Li Huiya, GuoHao, Dong Xueqiang, et al. Develop of
high accurate single-sinker density measurement system
based on magnetic suspension balance[ J]. Gryogenics,
2012 (3): 1-4.

P, ANTRBK, . A RN R TR B
I R GE A L), R TR . 2012 (3): 1-4.

Lemmon E W, Huber M L, McLinden M O. NIST
database 23: fluid
thermodynamic and transport properties-REFPROP 9.
0[J]. Gaithersburg, MD: NIST, 2010.

Span R, Lemmon E W, Jacobsen R T, et al. A

reference equation of state for the thermodynamic

standard reference Reference

properties of nitrogen for temperatures from 63. 151 to
1 000 K and pressures to 2 200 MPa[J]. Journal of
Physical and Chemical Reference Data, 2000, 29(6) .
1 361-1 433.



