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Experimental measurement and modelling of vapor-liquid equilibrium for 3,3,3-Trifluoropropene (R1243zf) and trans-1,3,3,3-Tetrafluoropropene (R1234ze(E)) binary system

). Hydrofluoroolefins (HFO) are unsaturated organic compounds composed of carbon, hydrogen, and fluorine [START_REF] Wu | State of the art on the flammability of hydrofluoroolefin 28[END_REF]. HFO usually exhibits zero ODP and extremely low GWP because of their specific molecular characteristics of owning a C=C double bond, being chlorine-free, and having a short atmospheric lifetime [START_REF] González | Hydroxyl radical 8 reaction rate coefficients as a function of temperature and IR absorption cross sections for 9 CF3CH=CH2 (HFO-1243zf), potential replacement of CF3CH2F (HFC-134a)[END_REF]. Moreover, another important feature is that HFO and HFC have similar thermodynamic properties, consequently, HFOs are considered as the most promising alternatives.

Among them, 3,3,3-trifluoropropene (R1243zf) and trans-1,3,3,3-tetrafluoropropene (R1234ze(E)), two of alternative refrigerants with zero ODP, GWP less than 10, short atmospheric lifetime [START_REF] González | Hydroxyl radical 8 reaction rate coefficients as a function of temperature and IR absorption cross sections for 9 CF3CH=CH2 (HFO-1243zf), potential replacement of CF3CH2F (HFC-134a)[END_REF] and similar thermodynamic behavior as R134a, are recently promising candidates of R134a in air-conditioning and other applications under actual conditions. Until now, R1243zf and R1234ze(E) have been extensively studied from various aspects, such as thermodynamic properties, cooling performance in the refrigeration system. 

Apparatus

The vapor-liquid equilibrium measurement of the R1243zf + R1234ze(E) binary system was conducted by an apparatus based on the static-analytic method. The schematic diagram of the apparatus is illustrated in Figure 1, and it is similar to the apparatus developed at CTP Mines ParisTech [START_REF] Juntarachat | Experimental measurements 21 and correlation of vapor-liquid equilibrium and critical data for the CO2 + R1234yf and CO2 + 22 R1234ze(E) binary mixtures[END_REF][START_REF] Wang | Vapor-liquid equilibrium and molecular simulation data for carbon dioxide 24 (CO2) + trans-1,3,3,3-tetrafluoroprop-1-ene (R-1234ze(E)) mixture at temperatures from 283.32 25 to 353.02 K and pressures up to 7.6 MPa[END_REF]. One of the most important parts of the apparatus is the equilibrium cell, where the equilibrium of the binary component occurs. The equilibrium cell (around 30cm 3 ) is made of a visually sapphire tube, as a consequence, the level of the liquid can be easily monitored.

Two electromagnetic capillary samplers (ROLSI ® , patent of Armines) which can extract an infinitesimally small quantity of each phase without disturbing the equilibrium are installed at the top of the cell. The two ROLSI ® , one for vapor sampling and the other for liquid sampling, are separately controlled by two time-relay controllers. For the sake of accelerating the equilibrium, a magnetic stirrer is installed inside the equilibrium cell through a hole in the bottom of the cell. The equilibrium cell is immersed in a thermostatic bath (LAUDA Proline RP3530) with an accuracy of 0.01 K.

To obtain more accurate temperature information inside the equilibrium cell, two platinum resistance thermometer probes (Pt100) are inserted inside the body of the equilibrium cell through two drilled holes, one in the top of the cell for vapor phase, the other in the bottom of the cell for liquid phase, which is connected to a data acquisition unit (Agilent 34972A) and then the data is transmitted to the personal computer in real-time through an RS-232 interface. The two Pt100 probes are calibrated with a standard reference platinum resistance thermometer (SPRT25) probe (TINSLEY Precision Instruments), and the SPRT25 probe was calibrated by the Laboratoire National d'Essais (Paris) based on 1990

International Temperature Scale (ITS-90). The uncertainty of the temperature calibration is u calib (T) = 0.0006 K, within the range of 217.41K to 373.42K.

The pressure is measured using two pressure transducers, one for low pressure (DRUCK, Type PTX6100, 0-30 bar), one for high pressure (DRUCK, Type PTX6100, 0-300 bar). The two transducers are also connected to HP34970A which collect and transmit data to personal computer timely. In this work, the pressures inside the equilibrium cell are measured by the lower pressure transducer, which is calibrated a dead weight balance (DESGRANGES & HUOT) with a total measurement uncertainty to 0.002% of reading and pressure range available up to 1000 bar. Noteworthy, when the pressure transducer works, the temperature of pressure transducer should be regulated to a constant value with a heating cartridge via the PID regulator (WEST instrument, model 6100).

In general, the vapor pressure of investigated refrigerants maintains approximately 5 bar in a gas container at room temperature, however, for high-temperature VLE measurements, the working pressure usually higher than 5 bar. That makes difficult to load fresh experimental component into the equilibrium cell to acquire a new composition. To solve this problem, a thermal pressure cylinder (around 50 cm 3 , the maximum design pressure is 200 bar) is used to increase the pressure of an experimental component to the desired value. A certain quantity of the experimental component is first introduced into the pressure cylinder from the gas container, and the pressure cylinder is heated via a cartridge heater which is controlled by a temperature regulator. By modify the setting value of the temperature regulator, a pressure desired which is approximately 10 bar higher than the pressure of equilibrium cell can be acquired. Then, the experimental component is transferred to the equilibrium cell through the thermal pressure cylinder.

The compositions of mixtures are measured by gas chromatography. The infinitesimally small quantity of samples in the equilibrium cell are extracted by ROLSI ® , and then the withdraw samples are transferred to gas chromatograph (GC) (ALPHA MOS, Type PR2100) and completely separated through the packed column, and eventually carried to the TCD by carrier gas. The information of the composition will be transformed into an electric signal in TCD. The gas chromatograph conditions are shown in Table 2. 

Operation procedure

At room temperature, the equilibrium cell and its loading lines are made under vacuum.

The liquid bath is set to the temperature desired. When the equilibrium temperature is reached, a certain amount (approximately 5 cm 3 ) of the heavier component is first loaded into the equilibrium cell. Then vapor pressure is measured at this temperature.

After that, a given amount of lighter component is introduced step by step to increase the pressure inside the cell, leading to successive equilibrium mixtures, in order to have enough points to cover the two-phase envelope [START_REF] Valtz | Experimental measurements and modelling 17 of vapour-liquid equilibrium of 2,3,3,3-tetrafluoropropene 18 (R-1234yf) + 1,1,1,2,2-pentafluoropropane ([END_REF][START_REF] Wang | Vapor-liquid equilibrium and molecular simulation data for carbon dioxide 24 (CO2) + trans-1,3,3,3-tetrafluoroprop-1-ene (R-1234ze(E)) mixture at temperatures from 283.32 25 to 353.02 K and pressures up to 7.6 MPa[END_REF].

The equilibrium inside the cell is assumed to be reached when the pressure does not change during 10 minutes within ± 0.01 bar under continuous stirring. For each equilibrium condition, six or more samples of both vapor and liquid phases are taken using the ROLSI ® and analyzed to verify the repeatability of the measurement.

Model and correlation

In this work, the Peng-Robinson (PR) equation of state (EoS) [START_REF] Peng | A New Two-Constant Equation of State[END_REF], one of the classical cubic equation, is utilized to model the experimental data. PR EoS is defined as Eq. 1.

1

The parameters a and b are related to the critical pressure, critical temperature, and acentric factor as explained by Equations 2 and 3. 3. Here, we apply Mathias-Copeman (MC) alpha function [START_REF] Mathias | Extension of the Peng-Robinson equation of state to complex 14 mixtures: Evaluation of the various forms of the local composition concept[END_REF]) to replace the original alpha function of PR EoS to have a better performance for pure vapor pressure prediction, which is given by Eq. 5.

5

Where m 1 , m 2 , m 3 are three adjustable parameters fitted on the experimental data.

As for the mixing rules, there mainly exist conventional van der Waals (vdW) mixing rules and excess free energy (g E ) mixing rules. The vdW mixing rule is still attractive for refrigerant mixtures due to the simplicity and accuracy which mainly depend on the utilized interaction parameters. The g E mixing rule is developed from theoretical basis and gives considerable accuracy in the description of VLE property for complex non-ideal mixtures [START_REF] Orbey | Modeling Vapor-Liquid Equilibria:Cubic Equations of State and Their 1 Mixing Rules[END_REF]. Therefore, in this study, vdW one fluid mixing rules (PR-MC-vdW) and one of classical g E mixing rules, namely modified Huron-Vidal second-order (MHV2) mixing rules (PR-MC-MHV2) [START_REF] Dahl | High-pressure vapor-liquid equilibrium with a UNIFAC-based 28 equation of state[END_REF], are employed to describe the VLE behavior of refrigerant mixture.

The vdW mixing rules are defined by Eq. 6.

6

where is the mole fraction of component i, is the energy parameter, and is the covolume parameter of component i, and is the binary interaction parameter. N is the number of components of the system.

The MHV2 mixing rule can be written as Eq.7:

7 with 8

where q 1 = -0.478 and q 2 = -0.0047, as recommended by Michelsen [START_REF] Dahl | High-pressure vapor-liquid equilibrium with a UNIFAC-based 28 equation of state[END_REF]) .

The NRTL [START_REF] Renon | Local Compositions in Thermodynamic Excess Functions for 10 Liquid Mixtures[END_REF]) model is used to calculate the excess Gibbs energy, for a binary system, the excess Gibbs energy of mixture is determined by Eq.9. 11

The binary interaction parameter of vdW mixing rule and interaction energy parameters and of NRTL equation are fitted on the VLE data of bubble pressure and vapor molar fraction according to the objective function given by Eq. 12.

12 Where N is the number of experimental data, and are the experimental and calculated bubble pressure, and are the experimental and calculated vapor-phase mole fraction.

Results and discussion

Vapour pressure

The vapor pressure of R1234ze(E) and R1243zf were measured at 15 temperature points from (288.05 to 357.86) K as listed in Table 4 and Table 5, and plotted in Figure 2. 

13

In fact, the vapor-phase compressibility factor is much larger than that of liquid-phase. Thus is negligible, and is equal to , consequently, a plot of vs. 1/T from experimental data produces nearly straight lines for many substances.

Hence, we use Clapeyron equation as standard to check the accuracy of measurements.

As plotted in Figure 3, perfect linear regression is acquired with R 2 equal to 0.99999 and 1.00000 for R1234ze(E) and R1243zf respectively, supporting our vapor pressure data is correct.

The vapor pressures of R1234ze(E) and R1243zf are correlated by PR EoS associated with Mathias-Copeman alpha function (PR-MC EoS), and the regressed parameters are presented in Table 3. The correlation process is performed by a homemade software Tpure which is developed at CTP Mines ParisTech. The calculated vapor pressures of R1234ze(E) and R1243zf are listed in Tables 4 and5, respectively. Figure 4 shows the relative deviations of vapor pressure correlation, the maximum deviations of R1234ze(E) and R1243zf are both within ± 0.1%, which shows a good agreement between the experimental data and PR-MC EoS. 

The VLE data of R1243zf + R1234ze(E) system

Vapor-liquid equilibrium of R1243zf + R1234ze(E) binary system is investigated isothermally based on static analytic method at four temperatures, 293.03, 313.02, 332.99, and 352.98 K. The present VLE data of R1243zf + R1234ze(E) system are summarized in where N is the number of experimental points, U=P or y 1 , the subscripts exp and cal represent 13 experimental and calculated values respectively. 14

As can be seen in Table 8, all the calculated ARDP and BIASP of PR-MC-MHV2 model 15 are smaller than that of PR-MC-vdW model at each isotherm, indicating the MHV2 mixing 16 rule exhibits much better capability in the representation of VLE behavior for the R1243zf + 17

R1234ze(E) system. 18

On the consideration of the practical application for the R1243zf + R1234ze(E) binary 19 mixture, it can be possibly used as working fluid in climatisation system, high temperature 20 heat pump (HTHP), organic rankine cycle (ORC), and postive refrigeration ( T > 0 °C). On 21 the other hand, it's still worthy to investigate VLE behavior at low temperatures, such as the 22 range from 233 K to 273 K. The best way is to share our data with all community, combined 23 them with low-temperature VLE data of authors from all the world, that we can model the 24 data in a larger range. However, it still has the possibility to extrapolate the VLE data in 1 lower temperatures. We can model all the data without temperature dependency. And then 2 extrapolate the VLE data to the lower temperatures, but need to be careful. 3 AADy must be less than 0.01 to obtain thermodynamic consistency (Bertucco et al., 3 1997). Based on calculated results in Table 8, the AADy values at each temperature are less 4 than 1, indicating the thermodynamic consistency was satisfied. 5

Conclusion 6

Saturated vapor pressures of R1234ze(E) and HFO-1243zf and isothermal vapor-liquid 7 equilibrium of R1243zf + R1234ze(E) binary system are investigated based on static analytic 8 method. The experimental data are given with following uncertainties U(T) =0.002 K , U(P) 9 = 0.0006 MPa, and u max (x 1, y 1 ) = 0.0029 for molar composition. The R1243zf + R1234ze(E) 10 binary system exhibits near-azeotropic behavior with positive deviations from ideality. The 11 vapor pressures of R1234ze(E) and R1243zf are well correlated by PR EoS associated with [START_REF] Bobbo | Low GWP halocarbon refrigerants: 13 A review of thermophysical properties[END_REF] Mathias-Copeman alpha function with relative deviation both within 0.1%. Two 13 thermodynamic models namely PR-MC-vdW and PR-MC-MHV2 are successfully used to 14 represent the VLE of the R1243zf + R1234ze(E) system. The two models give almost the 15 same phase curves and fitted binary interaction parameters are needed to predict the correct 16 phase behavior. However, the PR-MC-vdW model underpredicts pressures at 293.03 K. On 17 the basis of deviations analysis, it has been found PR-MC-MHV2 model exhibits much better 18 capability in the representation of VLE for the R1243zf + R1234ze(E) system. 19 20

Uncertainty of temperature u(T)

The uncertainty of temperature u(T) is calculated by the same method as that of pressure.

The uncertainty of temperature calibrator is = 0.0006 K.

The uncertainty of repeatability for temperature measurement is accessed by the calibrated results. Here, we use 8 repeated points at 313.15 K, then substitute into equation 2, yielding = 0.0035 K.

The uncertainty of correlation for temperature calibration is = 0.02 K.

According to Eq. 1, . The extended uncertainty on temperature is U(T, k=2) = 0.06 K in the range of 293 to 393 K.

Uncertainty of mole fraction u(x,y)

The uncertainty of mole fraction u(x,y) is calculated by Eq.3

Where represents the uncertainty of repeatability on liquid-phase or vapor-phase composition measurement, and is the uncertainty related to composition calibration.

For the , it can derivate from the definition of mole fraction, which is to calculate mole fraction through a mole number of each compound in the analyzed sample.

Mole number and mass are linked by the molar mass.

According to the principle of propagation of uncertainty, the combined uncertainty of liquid-phase mole fraction leads to Eq. 4

The relative terms and derive from TCD calibration results, and value of and are taken as and .

The is the uncertainty of measurement repeatability for liquid-phase 21 composition which is equal to the standard deviation of repeated composition measurement ( ). The uncertainty of mole fraction u(x 1 ) is calculated by substituting x 1,  , and into Eq. 3. The and u(x 1 ) at each experimental point are listed in Table 6.

As for the vapor-phase mole fraction, and u(y 1 ) are calculated with the same method. The calculated u(y 1 ) at each measured point is also listed in Table 6.

As shown in the Table 6, the maximum global uncertainty of composition u max (x 1, y 1 ) is equal to 0.0029.

Figure 1 .

 1 Figure 1. Schematic diagram of the apparatus. EC: equilibrium cell; LV: loading valve; MS: magnetic stirrer, PP: platinum resistance thermometer probe; PT: pressure transducer; RT: temperature regulator; LB: liquid bath; TP: thermal press; C1: more volatile compound; C2: less volatile compound; V: valve; GC: gas Chromatograch; LS: liquid sampler; VS: vapor sampler; SC: sample controlling; PC: personal computer; VP: vacuum pump
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 22 The original alpha function of PR EoS is given by Eq. 4. 4 where is acentric factor, = T/ T C , T and Tc represent reduce temperature and critical temperature. Critical properties of R1243zf and R1234ze(E) are taken from REFPROP 9.Lemmon et al., 2013)and given in Table

  to 0.3[START_REF] Renon | Local Compositions in Thermodynamic Excess Functions for 10 Liquid Mixtures[END_REF] for VLE. Parameters and are the dimensionless interaction parameters, which are related to the interaction energy parameters and as formulated in Eq.11.

Figure 2 .Figure 3 .

 23 Figure 2. Experimental saturated pressures of R1243zf and R1234ze(E). ( ): R1243zf; (△): R1234ze(E); solid line: PR-MC model.

Figure 4 .

 4 Figure 4. Relative deviations of vapor pressures against PR-MC EoS for R1234ze(E) and R1243zf. (a) R1234ze(E); (b) R1243zf; (■): R1234ze(E); (▲): R1243zf.

Figure 5 .

 5 T and P represent the experimental temperature and pressure; n is the number of repeated measurements; x 1 and y 1 are the vapor-phase and liquid-phase mole fraction; and are the uncertainty of measurement repeatability for and vapor-phase composition respectively; u(x 1 ) and u(y 1 ) are the global uncertainty of mole fraction measurements. Relative volatility with a function of the liquid molar fraction is presented in Figure6. As it is declined exponentially, we verified the correctness of experimental data.

Figure 5 .

 5 Figure 5. VLE for the R1234ze(E) (1) + 1243zf (2) binary system at different temperatures. (a): 293.03 K; (b): 313.02 K; (c): 332.99 K; (d): 352.98K; (■): 293.03 K; (): 313.03 K; (▲): 332.99 K; (△): 353.00 K; dash lines: PR-MC-vdW model; solid lines: PR-MC-MHV2 model.
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 17 Figure 7. Variation of the Binary Interaction Parameter (BIP) k 12 and interaction energy parameters and

2 ( 14 Figure 5 5 Fig. 5 ,

 214555 Figure 5 illustrates the VLE correlations of R1243zf + R1234ze(E) at different 8

Figure 8 . 5 (

 85 Figure 8. Absolute deviation of pressure for the R1234ze(E) (1) + 1243zf (2) binary system from PR-MC-vdW
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 610 Thermodynamic consistency of experimental VLE data is verified based on the point 8 test method which has presented by Van Ness et al.(1973). That is to calculate y cal from 9 isothermal P-x data and then to compare the calculated y cal with the experimental value y exp, define another statistical indicator, Average Absolute Deviation (AAD), to test if the 1 VLE experimental data satisfy the thermodynamic consistency. 2 17

  Mitigating climate change is one of the biggest challenges facing humanity in this century. To address the issue, international climate conventions such as Montreal Protocol,

	Nomenclature 1 Introduction		
	Abbreviation		
	GWP	global warming potential		VLE	vapor-liquid equilibrium
	HFOs	hydrofluoroolefins		vdW	van der Waals mixing rules
	PR	Peng-Robinson equation of state	MHV2	modified Huron-Vidal second-order
	mixing rules Paris Agreement, F-Gas Regulations (European Parliament and The Council of the European
	MC	Mathias-Copeman alpha function	NRTL	non-random two-liquid activity
	model Union, 2006), Kigali Agreement (UNEP, 2016), etc., have applied forms of regulation to
	MRDP average relative deviation of eliminate greenhouse gas	MADy emissions.	average absolute deviation of Hydrofluorocarbons (HFCs)	and
		pressure			vapor-composition
	BIAS hydrochlorofluorocarbons (HCFCs), currently widely used saturated halohydrocarbon mean bias R1234ze(E) trans-1,3,3,3-tetrafluoropropene
	R1243zf 3,3,3-trifluoropropen refrigerants, are scheduled to phase out because of their serious greenhouse effect on the EoS equation of state
	Roman			
	a	energy parameter of the equation of	b	covolume parameter of the equation
		state			of state
		excess Gibbs energy		q	coefficient of MHV2 mixing rule
	N	number of data points		P	pressure (Pa)
	R	molar gas constant (8.314472		T	temperature (K)
		J.mol -1. K -1 )		
	u	Combined uncertainty		U	expanded uncertainty
	x	liquid phase mole fraction		y	vapor phase mole fraction
	n	molar mass		m 1 , 2 , 3	adjustable parameters
	k ij	binary interaction parameter		F	objective function
	Z	compressor factor		H	enthalpy
	v	molar volume		
	Greek			
		Temperature dependent alpha			dimensionless interaction parameters
		function		
		relative deviation			absolute deviation
		interaction energy parameters of		acentric factor
		NRTL equation		
		Relative volatility		
	Subscripts		
	i, j	molecular species		c	critical property
	calib	calibration		cal	calculated
	exp	experimental		rep	repetability
	m	mixture		r	reduce temperature

climate. The refrigeration industry is trying to develop efficient alternative refrigerants with zero ozone depletion potential (ODP) and global warming potentials (GWP) lower than 150 as the requirement of G-gas regulation (European Parliament and The Council of the European Union, 2006

Table 1 . Chemical information.

 1 critical parameters of R1243zf. Akasaka (2016) presented a Helmholtz energy EoS for R1243zf which valid for temperatures from 234 to 376 K and for pressures up to 35 MPa. Higashi et al. determined by (2010) the critical density and critical temperature of

	R1234ze(E) from the meniscus disappearing level as well as the intensity of the critical
	opalescence. Di Nicola et al. (2012) presented 78 vapor-pressure data of R1234ze(E) for
	temperatures from 223.1 to 353.1 K measured by two different laboratories. Qiu et al. (2013)
	conducted a density measurement of R1234ze(E) at pressures of up to 100 MPa and
	temperature from 283 to 363 K using a vibrating tube densimeter. Vapor pressure and
	saturated liquid density for R1234ze(E) were measured in the temperature range from 300 to

[START_REF] Brown | Saturated pressure measurements of 20 3,3,3-trifluoroprop-1-ene (R1243zf) for reduced temperatures ranging from 0.62 to 0.98[END_REF] 

and Yang et al. (2019) carried out experimental studies on the saturated vapor pressure of R1243zf. The surface tension of R1243zf was measured by

[START_REF] Kondou | Surface tension of low GWP 28 refrigerants R1243zf, R1234ze(Z), and R1233zd(E)[END_REF] 

at temperatures from 270 K to 360 K.

Higashi et al. (2018a; 2018b) 

presented experimental data on vapor pressure, PVT properties, saturated liquid and vapor densities, and 400 K by using the extraction method

[START_REF] Katsuyuki | Measurements of Vapor Pressure and Saturated Liquid Density for 25 HFO-1234ze(E) and HFO-1234ze(Z)[END_REF]

. The vapor pressures and pρT properties of R1234ze(E) ranging from 310 to 370 K, as well as isobaric specific heat capacity ranging from 310 to 370 K, were measured by Tanaka et al. (2010a; 2010b) using a metal-bellows calorimeter. Akasaka (2010) applied an extended corresponding states model for R1234ze(E) with typical uncertainties for vapor pressure, liquid density, and isobaric heat capacities (liquid and vapor) of 0.2%, 0.5%, and 5%, respectively. Ansari et al.

(2020) 

performed a thermodynamic analysis on the vapor compression refrigeration system with dedicated mechanical subcooling using R1243zf as a refrigerant and compared its performance with R134a.

[START_REF] Brown | Thermophysical properties and heat transfer 23 and pressure drop performance potentials of hydrofluoro-olefins, hydrochlorofluoro-olefins, and 24 their blends[END_REF] 

investigate the heat transfer and pressure drop performance potentials of both R1234ze(E) and R1243zf and analyzes the effects of thermodynamic properties on the heat transfer and pressure drop performance.

The selection of the most suitable refrigerant is based on a number of criteria, including environmental considerations (low GWP, zero or near-zero ODP), safety (low toxicity, low flammability), and energetic performance (high efficiency, appropriate capacity)

[START_REF] Bobbo | Low GWP halocarbon refrigerants: 13 A review of thermophysical properties[END_REF]

. Whereas, considering those criteria at the same time, no pure refrigerant is ideal in all regards because all of them have one or more negative attributes

[START_REF] Mclinden | A thermodynamic 17 analysis of refrigerants: Possibilities and tradeoffs for Low-GWP refrigerants[END_REF]

.

R1234ze(E) has low toxicity and mild flammability, however, it presents low cooling capacity, low coefficient of performance (COP), and low heat transfer performance than R32 and R134a

[START_REF] Longo | Condensation of the low GWP refrigerant 11 HFO1234ze(E) inside a Brazed Plate Heat Exchanger[END_REF][START_REF] Mota-Babiloni | Drop-in energy 26 performance evaluation of R1234yf and R1234ze(E) in a vapor compression system as R134a 27 replacements[END_REF]

. On the other hand, R1243zf is flammable, even though it offers better cycle efficiency than those of the other R134a, R32, and R22 in air-conditioning cycles

[START_REF] Lai | Thermodynamic properties of HFO-1243zf and their application in study on a 6 refrigeration cycle[END_REF]

.

Table 2 . The gas chromatograph condition

 2 

	GC Units	Conditions
	Oven temperature	35 °C
	Injector temperature	140 °C
	Detector temperature	150 °C
	Detector type	Thermal Conductivity Detector (TCD)
	Carrier gas	Helium (245 kPa for TCD carrier; 105 kPa for
		reference carrier)
	Gas chromatography column RESTEK, 1 column: 5% KRYTOX, CBX-B 60/80,
		3m*2mm

Table 3 . Critical properties and regressed coefficient of Mathias-Copeman alpha function for R1243zf and R1234ze(E)

 3 

	Components	Critical properties 1 T c /K P c /MPa		C 1	Regressed coefficients C 2	C 3
	R1243zf	376.93	3.5182	0.261	0.80529	-0.57580	1.64180
	R1234ze(E)	382.51	3.6349	0.313	0.86178	-0.54007	2.33958
	1 resource taken from REFPROP 9.1 (Lemmon et al., 2013)	

Table 4 . The experimental and calculated vapor pressures of R1234ze(E).

 4 

	T/K	P exp / MPa	P cal /MPa	ΔP b /MPa	δ p a /%
	288.07	0.3622	0.3619	0.0003	0.09
	293.05	0.4245	0.4249	-0.0004	-0.10
	298.03	0.4956	0.4957	-0.0002	-0.04
	303.01	0.5751	0.5751	0.0000	0.00
	308.00	0.6642	0.6640	0.0002	0.03
	312.99	0.7630	0.7628	0.0002	0.03
	317.97	0.8725	0.8720	0.0004	0.05
	322.96	0.9931	0.9926	0.0005	0.05
	327.94	1.1259	1.1253	0.0006	0.05
	332.92	1.2717	1.2710	0.0007	0.05
	337.91	1.4313	1.4309	0.0004	0.03
	342.90	1.6055	1.6052	0.0003	0.02
	347.89	1.7952	1.7956	-0.0003	-0.02
	352.87	2.0017	2.0028	-0.0011	-0.05
	357.86	2.2260	2.2280	-0.0020	-0.09
	U(T)= 0.06 K; U(P)= 0.0004 MPa			
	a ΔP=P exp -P ca				
	b δp =100×(P exp -P cal )/P exp ..			

Table 5 . The experimental and calculated vapor pressures of R1243zf.

 5 

	T/K	P exp / MPa	P cal /MPa	ΔP b /MPa	δ p a /%
	288.05	0.4353	0.4349	0.0004	0.10
	293.04	0.5061	0.5059	0.0002	0.03
	298.03	0.5847	0.5849	-0.0002	-0.04
	303.02	0.6727	0.6727	0.0000	0.00
	308.00	0.7695	0.7699	-0.0005	-0.06
	312.99	0.8769	0.8772	-0.0002	-0.03
	317.97	0.9953	0.9952	0.0001	0.01
	322.96	1.1252	1.1250	0.0002	0.02
	327.94	1.2676	1.2668	0.0007	0.06
	332.92	1.4230	1.4218	0.0011	0.08
	337.91	1.5924	1.5912	0.0012	0.08
	342.90	1.7767	1.7752	0.0014	0.08
	347.88	1.9762	1.9758	0.0005	0.02
	352.87	2.1929	2.1935	-0.0006	-0.03
	357.86	2.4281	2.4298	-0.0016	-0.07
	U(T)= 0.06 K; U(P)= 0.0004 MPa			
	a ΔP=P exp -P ca				
	b δp =100×(P exp -P cal )/P exp ..			
	According to Clapeyron equation, when vapor-liquid equilibrium is established,
	vs. 1/T has a linear trend far from critical point according to eq.13.	

Table 6

 6 

and plotted in

Table 6 . The experimental vapour-liquid equilibrium data of R1243zf

 6 

	(1)+ R1234ze(E)

Table 7 . The experimental and calculated vapour-liquid equilibrium data of

 7 

	R1243zf (1)

Table 8 . The binary interaction parameters k 12 adjusted by the model stated as above at

 8 

	8										
	9	each temperature							
					PR-MC-vdW				PR-MC-MHV2
		T/K	k12	F	ARDP/% BIASP/%	AADy	/J mol -1	/J mol -1	F	ARDP/%	BIASP/%	AADy
		293.03 0.012 0.0008	0.17	-0.15	0.0014	29.35	29.35	0.0004	0.05	0.01	0.0011
		313.02 0.009 0.0005	0.14	0.09	0.0008	25.73	25.76	0.0005	0.08	0.02	0.0008
		332.99 0.009 0.0010	0.18	0.12	0.0016	22.61	22.62	0.0010	0.15	0.07	0.0017
		352.98 0.009 0.0005	0.14	0.02	0.0009	21.59	21.60	0.0005	0.12	-0.05	0.0008
	10										
	11		The VLE data of R1243zf + R1234ze(E) system are correlated by PRMC EoS
	12	associated with vdW and MHV2 mixing rules. The regressed binary interaction parameter
	13		of vdW mixing rules and interaction energy parameters		and	of MHV2
		mixing rules are presented in Table 8 and plotted in			
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18

Eq. 2 presents which is a type A uncertainty.

19

Where is the average of repeated pressure measurements.

Considering our calibration, is negligible and is equal to 0.001 bar.

The uncertainty of correlation (type B) is calculated based on the principle of error propagation. In our case, the linear correlation is utilized for pressure correlation, the = 0.0004 bar. Substitute the value of and into Eq. 1, yield = 0.0001 bar. The extended uncertainty on pressure U(P, k=2) is equal to 0.0002 MPa in the range of 0 to 3 MPa.