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Vapor pressure measurement for new refrigerants 20254387
and correlation by generalized equations of state
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Background The substance trans-1,2-dichloroethene [R1130(E)] is a
possible refrigerant with a low global-warming potential (GWP) and
negligible ozone-depletion potential (ODP) for centrifugal chillers,
high-temperature heat pumps, and organic Rankin cycles. However,
available experimental vapor pressure data of R1130(E) are generally
scattered and inconsistent, and an equation of state has still not been
established for this fluid. Additional vapor pressure data are required to
develop an accurate and wide-ranging equation of state.

Experimental SetupThe experimental setup used in this work is shown in Fig. 2. The sample fluid is filled into
a pressure vessel, and the mass of the fluid transferred into the vessel is measured using a precision balance
with an uncertainty of 1 mg. The inner volume of the vessel including the tubing is calibrated in advance as a
function of temperature and pressure. The pressure vessel is placed in a thermostatic silicone oil bath.
A pressure sensor is installed near the inlet of the vessel for direct pressure measurement. The temperature
in the bath is measured by a 25 Q standard platinum resistance thermometer with an uncertainty of 1 mK,
mounted close to the vessel. The thermometer is calibrated against the ITS-90 standard using an AC
thermometer bridge. A PID controller monitors the temperature and continuously adjusts the electric power

load of the sub-heaters.
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Objective This work presents new measurements of the vapor
pressure of R1130(E), obtained using a proven experimental apparatus
that has been successfully employed in our previous studies. The data
obtained in this work are verified using a correlation based on the
corresponding states principle. Comparisons with several
representative experimental data are made to identify those that are
consistent with the present measurements and correlation, which will
be used to develop a Helmholtz energy equation of state.
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Fig. 1: Molecular structure of R1130(E) obtained

Results and Discussion A total of 21 vapor pressure data were obtained in the temperature range from 300 K from the geometry optimization with Gaussian
to 400 K, which are given inTable 1 and Fig. 3. The data are successfully correlated with the Wagner-type 09 (Calc;ﬂation method: RB3LYP, Basic set:
CC-pVDZ

correlation. Figure 4 shows relative deviations and absolute differences in the present data from values

calculated with the correlation, along with those in the representative data. The average deviation and
difference between the present data and the correlation are 0.020 % and 0.034 kPa, with a maximum
difference of 0.095 kPa, which is sufficiently smaller than the expanded experimental uncertainty in the

pressure measurement.
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Fig. 2: Experimental setup for the vapor pressure o . : (N1 P T T T Fig. 4: Relative deviations (top panel) and
measurement. A: pressure vessel, B: pressure 335.000 0.1624 390.000 0.6690 ' 300 400 500 absolute differences (bottom panel) in
transducer, C: thermostatic silicone-oil bath, D: 25 340.000 (.18RT 305 000 0.7448 T/K representative experimental vapor pressures
Q standard PRT, E: thermometer bridge, F: DMM, S S . from values calculated with the correlation. (+)
G: PID temperature controller, H: power supply, I 345.000 0.2181 400.000 0.8268 Fig. 3: Present vapor pressures  ggtelaar et al. [1], (W) Machat and Boublik [2]; ()

heater, J: stirrer, V: valve. 350,000 0.2510

and correlation plotted on a ps-T  kovac et al. [3], (E) Mato and Berro [4], (©) Hiaki

:

diagram et al. [5], (®) Giles and Wilson [6], (O)Tanaka et
al. [7]; (A) Lombardo et al. [8]; (x) Rowane and
QOutcalt [9]; (O) Present data.
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