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Helmholtz energy equation of state for refrigerant hexafluoropropene (R1216)

LIU Huimin, MAN Jingru, SUN Xiaoyan, ZHAO Wenying, XIANG Shuguang
(Institute of Process Systems Engineering, Qingdao University of Science and Technology, Qingdao 266044, Shandong, China)

Abstract: A Helmholtz energy equation of state (EoS) for hexafluoropropene (R1216) was developed based on the
experimental data of vapor pressure, saturated liquid and vapor densities, ppT properties, vapor phase speed of
sound, and ideal gas heat capacity at constant pressure. The model parameters were optimized using a hybrid
solution algorithm. The applicable range of this EoS spans from the triple point temperature of 117.65 K to 370 K
and the pressures up to 10 MPa. Within this range, the estimated average absolute deviation (AARD) of vapor and
liquid density, the speed of sound in the vapor phase, ideal—gas isobaric heat capacity, and saturated vapor pressure
are below 1.62%. The AARD of the saturated vapor and liquid densities are 3.6% and 0.62%, respectively. The
extrapolation behavior of the EoS was evaluated using derived thermodynamic properties, including virial
coefficients, the compressibility factor, capacities, PVT relationships, the speed of sound, and the phase
identification parameter. The Helmholtz EoS was evaluated by experimental data and the trends of derived
thermodynamic properties. The results proved that the Helmholtz EoS can calculate thermodynamic properties
accurately and satisfy thermodynamic constraints within the experimental data range, it also exhibits reliable

thermodynamic extrapolation behavior under extreme conditions such as high temperature, high pressure, and the
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state far from the triple point.
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Table 2 Experimental data of thermophysical properties for R1216
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Table 3 Evaluations for extrapolation thermodynamic behaviors of the Helmholtz EoS
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N, -10.0 1.45 -170.34 K, 1.2 8.3 4.6
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Table 6 Model parameters of residual term of Helmholtz

EoS
i n, L, d, e, n, B, v, &,
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