
 

1. Introduction 

Environmental issues have become a common challenge for the 

world. The Paris Agreement and the subsequent Glasgow Cli-

mate Pact (COP26) have set clear targets for global temperature 

control and emission reduction. By 2023, COP28 further ad-

vanced these efforts by adopting the "Global Cooling Pledge" 

which explicitly aims to reduce the cooling-related emissions by 

68% by 2050 compared to 2022 levels, demonstrating the inter-

national community's firm commitment to mitigating climate 

change. In the refrigeration industry, the refrigerant plays a crit-

ical role in environmental protection, and the development and 

application of low-global warming potential (GWP) refrigerants 

have become a key direction for technological innovation [1−3]. 

In the past decade, hydrofluoroolefins (HFOs) have attracted 

significant attention due to their unique molecular structures and 

environmentally friendly characteristics. The C=C double bond 

in HFO molecules promotes rapid reaction with atmospheric OH 

radicals, substantially shortening their atmospheric lifetime [4]. 

Among the various HFOs proposed, 3,3,3-trifluoropropene 

(R1243zf) garnered widespread interest due to its excellent pro-

perties. R1243zf has an ODP of 0 and GWP of 0.82, and extre-

mely short atmospheric lifetime of only 6 days [5,6]. From  

a thermodynamic perspective, the properties of R1243zf are 

 

Analysis of phase behaviour of R1243zf/lubricant oil 
mixtures and its impact on the performance  
of vapour-compression refrigeration cycle 

Heyu Jia, Wenzhe Dang, Xiaopo Wang* 

Key Laboratory of Thermo-Fluid Science and Engineering, Ministry of Education, School of Energy and Power Engineering, Xi'an Jiaotong 

University, Xi'an, 710049, China 
*Corresponding author email: wangxp@xjtu.edu.cn 

 

Received: 21.11.2025; revised: 07.05.2026; accepted: 10.08.2026 

Abstract 

Due to the extremely low ozone depletion potential and global warming potential, 3,3,3-trifluoropropene (R1243zf) is 
considered a good substitute for traditional hydrofluorocarbons used in vapour-compression refrigeration cycles. The phase 
behaviour of refrigerant with lubricant oil is a critical factor affecting the performance of the cycle. However, comprehen-
sive analysis of phase behaviour of R1243zf/lubricant oil mixture and quantitative assessment of its impact on the cycle 
efficiency is still lacking. Therefore, this work employs the Soave-Redlich-Kwong (SRK) equation of state, combined with 
the modified van der Waals-Berthelot mixing rule and hypothetical oil model proposed by Yokozeki, to investigate the 
phase equilibrium data of R1243zf/oil mixtures and the phase behaviour of R1243zf with different lubricant oils. Further-
more, the impact of oils on the performance of the vapour-compression refrigeration cycle is quantitatively analysed. Re-
sults show that polyolester (POE)-type lubricant oils exhibit superior performance in R1243zf-based refrigeration systems.  

Keywords: R1243zf; SRK equation; Lubricant oils; Phase behaviour; Coefficient of performance 

Vol. 47(2026), No. 3, 253‒260; doi: 10.24425/ather.2026.7526 

Cite this manuscript as: Jia, H., Dang, W., & Wang, X. (2026). Analysis of phase behaviour of R1243zf/lubricant oil mixtures and its 

impact on the performance of vapour-compression refrigeration cycle. Archives of Thermodynamics, 47(3), 253‒260. 

Co-published by 

Institute of Fluid-Flow Machinery 

Polish Academy of Sciences 

Committee on Thermodynamics and Combustion 

Polish Academy of Sciences 

 
Copyright©2026 by the Authors under licence CC BY-NC-ND 4.0 

 
http://www.imp.gda.pl/archives-of-thermodynamics/ 

http://www.imp.gda.pl/archives-of-thermodynamics/


Jia H., Dang W., Wang X. 
 

254 
 

very similar to those of R134a, indicating strong replacement 

compatibility and application potential. Experimental studies 

have confirmed that, in air conditioning systems, R1243zf ex-

hibits a higher coefficient of performance (COP) and operates 

with lower suction and exhaust pressures compared to conven-

tional refrigerants [7], making it a promising candidate for the 

next generation of refrigerants. 

It is well known that the thermo-physical properties of 

R1243zf as well as R1243zf/lubricant oil mixture are essential 

for the design and optimisation of the vapour compression re-

frigeration cycle. A series of studies have been reported on the 

properties of R1243zf, such as critical properties, density, va-

pour pressure, specific heat capacity and surface tension [8−11]. 

In addition, the vapour-liquid equilibrium data of R1243zf with 

lubricant oils were also reported [12−14]. However, a compre-

hensive analysis of phase behaviour of R1243zf/lubricant oil is 

still lacking in the literature. 

Furthermore, the selection of lubricant oil significantly af-

fects the performance of a refrigeration system because it di-

rectly influences oil circulation and refrigerant distribution 

within the cycle. For example, Chen et al. [15] experimentally 

compared the effects of different lubricant oils, including poly-

alkylene glycol (PAG) and mineral oil (MO), in a 1.5 HP R290 

split-type room air conditioner. They found that the use of PAG 

can reduce the amount of R290 in the compressor and improve 

heating capacity. However, due to the increased viscosity of 

R290/lubricant oil mixture in the oil sump, the coefficient of 

performance (COP) under heating conditions is relatively low. 

Li et al. [16] experimentally analysed the flow characteristics 

and the impact of lubricant oil in heat pump systems and heat 

exchangers, pointing out that the oil circulation rate is directly 

affected by the compressor oil charge. At the same time, oil re-

tention in the evaporator and condenser increases the amount of 

oil held in the system, impairing heat transfer capacity and con-

sequently degrading overall system performance. Naseri 

et al. [17] identified that for a modified revolving vane expander 

in a micro-scale organic Rankine cycle, an oil circulation rate 

(OCR) of about 1% represents an optimal compromise. Albà 

et al. [18] employed the Statistical Associating Fluid Theory 

(SAFT) equation of state to evaluate the performance of lubri-

cants such as PEC5 (pentaerythritol tetrapentanoate) and 

TrEGDME (triethylene glycol dimethyl ether) in a low-GWP 

R513A refrigeration cycle, demonstrating that PEC5 had the 

least impact on cycle efficiency and is more suitable for this sys-

tem. Therefore, it is necessary to conduct a performance analysis 

of R1243zf and lubricant oils for the purpose of selecting an ap-

propriate lubricant oil. 

In this work, based on the experimental vapour-liquid equi-

librium (VLE) data of R1243zf with two mineral oils (3GS and 

4GS) and one polyol ester oil (RL68H) [14] mixtures, the SRK 

equation of state, the modified van der Waals-Berthelot mixing 

rule, and the hypothetical oil (UniOIL) model proposed by Yok-

ozeki [19] were employed to correlate the data. The phase be-

haviour of R1243zf with lubricant oils was investigated, and the 

impact of oil type on the performance of the vapour-refrigera-

tion cycle was evaluated. This work provides a theoretical foun-

dation for deepening the understanding of phase behaviour in 

R1243zf/lubricant oils and for optimising the refrigeration sys-

tem. 

2. Modelling 

In this work, the SRK equation of state along with the van der 

Waals-Berthelot mixing rule was employed to correlate the ex-

perimental VLE data. In addition, due to the lack of critical pa-

rameters for the lubricant oil, the hypothetical oil (UniOIL) 

model proposed by Yokozeki [19] was used. In the UniOIL 

model, the oil is treated as a single pseudo-pure component with 

fixed critical temperature and pressure. The SRK equation is de-

fined as follows [20]: 

 𝑃 =
𝑅𝑇

𝑣−𝑏
−

𝑎(𝑇)

𝑣(𝑣+𝑏)
, (1)

 
where a(T) is the attraction parameter and b is the co-volume 

parameter. The two parameters are calculated by: 

 𝑎(𝑇) = 0.427480
(𝑅𝑇𝑐)2

𝑃𝑐
𝛼(𝑇), (2)

 

 

𝑏 = 0.08664
𝑅𝑇𝑐

𝑃𝑐
, (3)

 
where R is the gas constant (8.31445 J/(mol∙K)), Tc and Pc are 

the critical temperature (in K) and critical pressure (in Pa) of the 

R1243zf or lubricant oils, respectively. For R1243zf, the critical 

temperature and pressure are obtained from REFPROP [21]. 

Based on the UniOil model, the critical temperature and pressure 

of the lubricant oils are set to 800 K and 0.95 MPa [19], respec-

tively. a(T) is a temperature-dependent term, defined by the fol-

lowing expressions: 

 𝛼(𝑇) = ∑ 𝛽𝑘(1/𝑇𝑟 − 𝑇𝑟)𝑘≤3
𝑘=0 ,   for 𝑇𝑟 ≤ 1, (4) 

 

𝛼(𝑇) = 𝛽0 + 𝛽1[exp(2(1 − 𝑇𝑟)) − 1],    for 𝑇𝑟 ≥ 1. (5) 

where Tr is the reduced temperature (Tr = T/Tc). The value of β(k) 

for R1243zf was determined from regression of vapour density 

data, and the values for the refrigerant and lubricant oil are pro-

vided in Table 1. 

In the modified van der Waals-Berthelot mixing rule, the at-

traction parameter a(T) and co-volume parameter b of the mix-

tures are obtained by combining the pure-component parameters 

ai(T) and bi through binary interaction parameters. The expres-

sions are given as follows [19]: 

 

𝑎 = ∑ √𝑎𝑖𝑎𝑗
𝑁
𝑖,𝑗=1 𝑓𝑖𝑗(𝑇)(1 − 𝑘𝑖𝑗)𝑥𝑖𝑥𝑗, (6)

 

 𝑏 =
1

2
∑ (𝑏𝑖 + 𝑏𝑗)𝑁

𝑖,𝑗=1 (1 − 𝑘𝑖𝑗)(1 − 𝑚𝑖𝑗)𝑥𝑖𝑥𝑗, (7)

 

Table 1. Values of coefficient β(k) in Eq. (4). 

Components β1 β2 β3 β4 

R1243zf 1.0 0.48044 -0.11435 0.04702 

Lubricant oil 1.0 1.0 0.0 0.0 
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 𝑓𝑖𝑗(𝑇) = 𝜏0,𝑖𝑗 + 𝜏1,𝑖𝑗/𝑇 + 𝜏2,𝑖𝑗𝑇, (8)

 

 

𝑘𝑖𝑗 =
𝑙𝑖𝑗𝑙𝑗𝑖(𝑥𝑖+𝑥𝑗)

𝑙𝑗𝑖𝑥𝑖+𝑙𝑖𝑗𝑥𝑗
, (9)

 
where the mij, lij, lji, τ0,ij, τ1,ij and τ2,ij are binary interaction param-

eters, whose values were regressed from binary VLE data. The 

other parameters obey the relations: fij = fji, fii = 1, mij = mji, 

mii = 0, kij = kji, kii = 0. 

In phase equilibrium calculations, the fugacity coefficient is 

indispensable – for component i, it is given by Eq. (10); a′
i and 

b′
i represent the partial derivatives of the attraction and co-vol-

ume terms with respect to the mole number of component i, re-

spectively. The expressions are defined in Eqs. (11) and (12).

 ln 𝜙𝑖 = ln
𝑅𝑇

𝑃(𝑉−𝑏)
+ 𝑏𝑖

′ (
1

𝑉−𝑏
−

𝑎

𝑅𝑇𝑏(𝑉+𝑏)
) +

𝑎

𝑅𝑇𝑏
(

𝑎𝑖
′

𝑎
−

𝑏𝑖
′

𝑏
+ 1) ln

𝑉

𝑉+𝑏
, (10) 

 𝑎𝑖
′ = 2 ∑ √𝑎𝑖𝑎𝑗

𝑁
𝑗=1 𝑓𝑖𝑗𝑥𝑗 {1 − 𝑘𝑖𝑗 −

𝑙𝑖𝑗𝑙𝑗𝑖(𝑙𝑖𝑗−𝑙𝑗𝑖)𝑥𝑖𝑥𝑗

(𝑙𝑗𝑖𝑥𝑖−𝑙𝑖𝑗𝑥𝑗)
2 } − 𝑎, (11) 

 𝑏𝑖
′ = ∑ (𝑏𝑖 + 𝑏𝑗)(1 − 𝑚𝑖𝑗)𝑁

𝑗=1 𝑥𝑗 {1 − 𝑘𝑖𝑗 −
𝑙𝑖𝑗𝑙𝑗𝑖(𝑙𝑖𝑗−𝑙𝑗𝑖)𝑥𝑖𝑥𝑗

(𝑙𝑗𝑖𝑥𝑖−𝑙𝑖𝑗𝑥𝑗)
2 } − 𝑏. (12)

The phase equilibrium of the components is defined by the 

following equation: 

 𝑥𝑖
𝛼𝜙𝑖

𝛼 = 𝑥𝑖
𝛽

𝜙𝑖
𝛽

= 𝑥𝑖
𝛾

𝜙𝑖
𝛾

=. . . . . . , (𝑖 = 1, . . . , 𝑁), (13) 

where i is a component, and α, β, γ denote the coexisting phases. 

The accuracy of the model was assessed by average absolute 

relative deviation (AARD) and maximum absolute relative de-

viation (MARD), which are given by: 

 AARD/% =
100

𝑁
∑ |

𝑝𝑖
cal−𝑝𝑖

exp

𝑝
𝑖
exp |𝑁

𝑖=1 , (14) 

 

MARD/% = max (100 |
𝑝𝑖

cal−𝑝𝑖
exp

𝑝
𝑖
exp |), (15)

 
where N denotes the total number of experimental points; pi

cal 

and pi
exp represent the calculated and experimental equilibrium 

pressures of R1243zf, respectively. 

3. Results and analysis 

3.1. VLE correlation results for R1243zf and three 

lubricant oils 

The optimised binary interaction parameters are summarised in 

Table 2. Figure 1 illustrates the relative deviations between the 

calculated and experimental equilibrium pressures. 

The AARD for R1243zf mixtures with 3GS, 4GS and 

RL68H is 1.02%, 1.52% and 1.49%, respectively, demonstrat-

ing a good overall quantitative agreement between the SRK 

model and experimental data. 

It can be observed from Fig. 1 that the maximum relative 

deviations consistently occur at low liquid-phase mole fractions 

of R1243zf. The MARD for the equilibrium pressure of 

R1243zf+3GS, R1243zf+4GS and R1243zf+RL68H mixtures is 

4.80%, 7.01%, and 8.24%, respectively. 

 

Table 2. Correlated binary interaction parameters for R1243zf/lubri-

cant oils. 

Parameters 
R1243zf + 

3GS 
R1243zf + 

4GS 
R1243zf + 

RL68H 

𝒎𝒊𝒋  ‒1.1224×10‒2 ‒1.0934×10‒1 ‒6.6252×10‒3 

𝒍𝒊𝒋  ‒4.3360×10‒3 1.2181×10‒1 7.2919×10‒2 

𝒍𝒋𝒊  ‒1.4472×10‒2 8.7517×10‒2 6.4677×10‒4 

𝝉𝟎,𝒊𝒋  4.3596×10‒1 4.9923×10‒1 7.1982×10‒1 

𝝉𝟏,𝒊𝒋  77.4473 72.7367 31.0292 

𝝉𝟐,𝒊𝒋  7.3489×10‒4 7.2135×10‒4 3.5786×10‒4 

AARD/% 1.02 1.52 1.49 

MARD/% 4.80 7.01 8.24 

 

   

Fig. 1. Relative deviation between experimental data and model calculations of (a) R1243zf/3GS, (b) R1243zf/4GS and (c) R1243zf/RL68H. 

■ 283.15 K; □ 293.15 K; ● 303.15 K;○ 313.15 K; ▲ 323.15 K; △ 333.15 K;  343.15 K. 
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3.2. Phase behaviour analysis of R1243zf/lubricant oils 

The developed model for the studied R1243zf/oil mixtures was 

employed to analyse the phase diagrams and critical properties. 

Initially, the model was used to predict the vapour-liquid-liquid 

phase equilibrium (VL1L2E) and immiscibility regions (L1L2E). 

It should be noted that, due to the significant difference in molar 

mass between R1243zf and lubricant oils, using the mole frac-

tion x as the abscissa in the phase diagram may result in overly 

compressed changes in the peripheral regions. Therefore, the 

mass fraction w was adopted for plotting the phase diagrams. 

Figure 2 presents the pressure-temperature-composition 

(P−T−w) phase diagrams for R1243zf mixed with 3GS, 4GS and 

RL68H oils. Within the temperature range of 283.15−343.15 K, 

the binary mixtures of R1243zf with three lubricant oils present 

consistent phase behaviour. The diagrams show two vapour-liq-

uid equilibrium regions (VL1E and VL2E), one liquid-liquid 

equilibrium region (L1L2E), and one vapour-liquid-liquid phase 

equilibrium region (VL1L2E), as indicated in Fig. 2. Here, V de-

notes the vapour phase of R1243zf; L1 and L2 represent the oil-

rich liquid phase and the R1243zf-rich liquid phase, respec-

tively. 

To further investigate the temperature-dependent phase be-

haviour of the R1243zf/lubricant oils, the phase diagrams of 

R1243zf/3GS mixture were predicted at three representative 

temperatures: 343.15 K, 373.15 K and 383.15 K. The three tem-

peratures correspond to conditions below, near and above the 

critical point of R1243zf. Figure 3 presents the pressure compo-

sition (P−w) and pressure-molar density (P−ρ) diagrams for the 

binary mixture at 343.15 K. In both diagrams, the L1L2E region 

exhibits a "chimney" shape. However, the width of this chimney 

shows opposite trends with the increasing pressure in the two 

types of diagrams. In the P−w diagram, the narrowing of the 

chimney width is attributed to pressure-induced changes in the 

mixture's composition distribution. Conversely, in the P−ρ dia-

gram, the broadening of the L1L2E region suggests that the in-

creased pressure enhances molecular interactions, thereby ex-

panding the composition range for the liquid-liquid phase region. 

Figure 4 presents the P−w and P−ρ diagrams of the 

R1243zf/3GS mixture at 373.15 K. A clear transformation is 

observed in the L1L2E region compared to 343.15 K. In the 

P−w diagram, the L1L2E region no longer exhibits the upright 

chimney shape; instead, the L1 and L2 phases converge with ris-

ing pressure and merge near 10.1 MPa. In the P−ρ diagram, 

the L2 phase displays a distinctly different trend in molar den-

sity. At low liquid-phase mole fractions of R1243zf, the L2 curve 

initially shifts toward higher density before reversing direction. 

This behaviour becomes particularly evident upon entering the 

VL2E region, where the L2 phase shows a strong tendency to 

approach the V phase. 
Figure 5 shows the P−w and P−ρ diagrams for R1243zf/3GS 

mixture at 383.15 K. At this condition, the VL1L2E and VL2E 

phase regions are no longer present. Only the VL1E vapour-liq-

uid equilibrium and the L1L2E liquid-liquid equilibrium persist 

in the diagrams. These regions are separated by an isopleth lo-

cated at approximately 3.2 MPa. Below this pressure, the system 

exhibits vapour-liquid equilibrium, comprising the vapour phase 

V and the liquid phase L1. Above 3.2 MPa, liquid-liquid equi-

librium prevails, where the L1 and L2 phases gradually converge 

with increasing pressure and eventually merge at the critical 

point located near 7.98 MPa. 

 

Fig. 3. (a) P−w diagram and (b) P−ρ diagram of the 

R1243zf/3GS mixture at 343.15 K. 

  

Fig. 2. P−T−w diagrams for R1243zf with three lubricant oils including (a) R1243zf/3GS, (b) R1243zf/4GS and (c) R1243zf/RL68H. 
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Van Konynenburg and Scott [22,23] pioneered the classifi-

cation of phase behaviour types in binary mixtures, identifying 

five of the six major phase behaviours. Among these, type III 

mixture is one of the most extensively studied. Type III mixture 

is characterised by features including a three-phase equilibrium 

region, an upper critical solution temperature, and the absence 

of a lower critical solution temperature. Based on the analysis of 

P−w and P−ρ diagrams at different temperatures, the R1243zf/ 

3GS can be classified as a type III mixture. It should be noted 

that the mixtures of R1243zf/4GS and R1243zf/RL68H exhibit 

similar trends with that of R1243zf/3GS and are also categorised 

as type III mixtures, therefore, the phase diagram of R1243zf/ 

4GS and R1243zf/RL68H mixtures was not discussed here. 

The classification of all three R1243zf/oil systems as type III 

mixtures implies the existence of a three-phase (VL1L2) region 

and a liquid-liquid immiscibility gap under conditions relevant 

to refrigeration cycles. Among the studied oils, the phase dia-

grams indicate that RL68H exhibits an immiscibility region that 

is relatively narrower and shifted compared to the mineral oils 

3GS and 4GS. This suggests a lower tendency for phase separa-

tion. 

3.3. Performance analysis of vapour-compression  

refrigeration cycle with lubricant oil 

In this part, the influence of lubricant oil on the performance of 

the vapour-compression refrigeration cycle was analysed. The 

cycle incorporated superheating and subcooling, each set to 

2.5 K, to secure a fully condensed liquid after the condenser and 

to prevent liquid entrainment in the vapour stream entering the 

compressor. Figure 6 presents the pressure-enthalpy (P−h) and 

temperature-entropy (T−s) diagrams of the vapour-compression 

refrigeration cycle. 

In this study, the coefficient of performance (COP) of the 

refrigeration cycle was simulated by maintaining a fixed con-

densing temperature of 330 K. To facilitate quantitative analy-

sis, pressure drops during evaporation and condensation were 

assumed to be negligible. Table 3 summarises the process con-

ditions of the cycle adopted in this work. In Table 3, Pi and Ti 

denote the pressure and temperature at state point i, respectively; 

Tevap and Tcond represent the evaporating and condensing temper-

atures of the cycle; wi,oil indicates the liquid-phase mass fraction 

of the lubricant oil at state point i. 

COP of the cycle is calculated by the following equation: 

 COP =
∑ 𝑞𝑖𝑛

∑ 𝑊𝑛𝑒𝑡,𝑖𝑛
=

ℎ1−ℎ4

ℎ2−ℎ1
=

ℎ1−ℎ3

ℎ2−ℎ1
, (16)

 
where qin denotes the evaporator heat absorption, Wnet,in denotes 

the net compressor work input, and hi is the specific enthalpy at 

state i. The expansion process is assumed isenthalpic, giving  

h3 = h4. 

The specific enthalpy of the R1243zf/lubricant oil mixture at 

state i is determined using the thermodynamic model of Youbi-

Idrissi [24], and is given by: 

 

 

Fig. 4. (a) P−w diagram and (b) P−ρ diagram 

of the R1243zf/3GS mixture at 373.15 K. 

 

 

Fig. 5. (a) P−w diagram and (b) P−ρ diagram 

of the R1243zf/3GS mixture at 383.15 K. Table 3. Process conditions of the vapour-compression refrigeration 

cycle for refrigerant/lubricant oil mixture. 

Operating point 1 2 3 

Degrees of freedom 2 2 2 

Fixed variables P1, Tevap P3, S2 P3, Tcond 

Obtained variables w1,oil T2, w2,oil w3,oil
' , w3,oil

''  
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 ℎ𝑖 = (
𝑚𝐿,𝑟

𝑚𝐿,𝑟+𝑚𝑜𝑖𝑙+𝑚𝑉
) ℎ𝐿,𝑟 + (

𝑚𝑉

𝑚𝐿,𝑟+𝑚𝑜𝑖𝑙+𝑚𝑉
) ℎ𝑉 + (

𝑚𝑜𝑖𝑙

𝑚𝐿,𝑟+𝑚𝑜𝑖𝑙+𝑚𝑉
) ℎ𝑜𝑖𝑙, 

  (17) 

where hi is the specific enthalpy at state point i (J/kg), hL,r and 

hV are the specific enthalpies of the liquid and vapour refrigerant 

(J/kg), and hoil is the specific enthalpy of the lubricate oil (J/kg). 

The liquid refrigerant enthalpy hL,r and vapour refrigerant en-

thalpy hV were obtained from REFPROP [21]. The specific en-

thalpy of the lubricating oil (hoil) is expressed as: 

 ℎ𝑜𝑖𝑙 = ℎ𝑟𝑒𝑓 + ∫ 𝐶𝑃,𝑜𝑖𝑙
𝑇

𝑇𝑟𝑒𝑓
d𝑇, (18) 

where href is the reference specific enthalpy (J/kg), Tref is the ref-

erence temperature (K), and Cp,oil is the specific heat capacity of 

the lubricate oil (J/(kg·K)). Since only enthalpy differences be-

tween state points are relevant for efficiency calculations, it is 

sufficient to maintain consistent values of Tref and href for the 

lubricant across all states. Here, Tref is taken as 273.15 K and href 

as 0  J/kg. The specific heat capacity of the lubricate oil, Cp,oil 

can be calculated using the model proposed by Liley et al. [25]:  

 𝐶𝑝,𝑜𝑖𝑙 = 4.186 [
0.388+0.00045(1.8𝑇+32)

√𝜌𝑜𝑖𝑙/998.5
] =

(1.684+0.0034𝑇)

√𝜌𝑜𝑖𝑙/998.5
, (19)

 
where ρoil is the density of the lubricate oil (kg/m3) at 288.71 K. 

To investigate the influence of lubricant oil content on cycle 

performance, COP was evaluated at varying oil circulation rates 

(OCR), defined as the mass ratio of lubricant oil to the total cir-

culating fluid. Calculations were performed at OCR levels of 

1%, 2% and 3%, representing conditions of oil deficiency, nor-

mal operation and potential mild compressor leakage, respec-

tively. 

Figure 7 presents the calculated COP values for mixtures of 

R1243zf with 3GS, 4GS and RL68H under different OCR val-

ues. It indicates that at a constant evaporation temperature, the 

COP exhibits a clear decreasing trend as OCR increases. For ex-

ample, at an evaporation temperature of 278 K, as OCR in-

creases from 1% to 3%, the COP for the R1243zf/3GS mixture 

decreases from 3.92 to 3.34, representing a reduction of 14.80%. 

These findings are consistent with the results reported by Albà 

et al. [18] for R513A/lubricant systems, where COP was also 

found to decrease with increasing oil circulation rate. 

 

 

 

Fig. 6. P−h and T−s diagrams |of the 

vapour-compression refrigeration cycle. 

 

 

 

Fig. 7. COP of R1243zf/3GS, R1243zf/4GS  

and R1243zf/RL68H mixtures under different OCR. 
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Figure 8 shows the reduction in COP of the refrigeration cy-

cle using R1243zf/oil mixture compared to that of pure R1243zf. 

As shown in the figure, the COP reduction exhibits a clear in-

creasing trend with rising OCR. At a low OCR of 1% and evap-

oration temperature of 278 K, the COP reductions are 0.207, 

0.208 and 0.180 for 3GS, 4GS and RL68H, respectively. At 

a high OCR of 3% under the same evaporation temperature, the 

corresponding reductions are 0.582, 0.583 and 0.522. This trend 

occurs because a higher OCR increases the proportion of lubri-

cant in the system, which correspondingly displaces the refrig-

erant and reduces the effective mass flow rate contributing to 

refrigeration, thereby diminishing the cooling capacity. 

At a fixed OCR, the negative impact of the lubricant oil on 

the system efficiency becomes more pronounced as the evapo-

ration temperature increases, as indicated in Fig. 8. For example, 

at an OCR of 3% for R1243zf/3GS mixture, the COP reduction 

increases from 0.542 at 275 K to 0.81 at 290 K. Moreover, the 

extent of COP reduction varies among different lubricants. Par-

ticularly, under lower evaporation temperature, RL68H shows 

the smallest adverse effect on cycle efficiency compared to the 

other two lubricants. 

At OCR of 3% and evaporation temperature of 278 K, the 

COP reduction for RL68H is 10.4% lower than that for 3GS, and 

10.6% lower than that for 4GS. Therefore, from a system per-

formance perspective, RL68H is identified as the most suitable 

lubricant for R1243zf refrigeration systems among the three 

candidates. This conclusion is consistent with the work of Albà 

et al. [18], who employed the polar soft-SAFT equation of state 

to evaluate lubricants for R513A, and identified PEC5 (a pure 

component of POE oil) as the optimal choice, with a COP de-

crease of less than 3% across the studied range. 

RL68H is a POE type lubricant, whereas 3GS and 4GS are 

mineral oils. The superior performance of R1243zf/RL68H mix-

ture can be attributed to its molecular structure. The oxygen-

containing ester linkages in POE lubricant provide favourable 

polar interactions with fluorinated R1243zf molecules, enhanc-

ing miscibility, giving more stable thermodynamic behaviour. 

4. Conclusions 

This study correlated the experimental phase equilibrium data of 

R1243zf with three lubricant oils using the SRK equation of 

state, modified van der Waals-Berthelot mixing rule and the Un-

iOIL model proposed by Yokozeki. The relative deviations be-

tween calculated and experimental values were predominantly 

within ±2%. The correlated model was subsequently applied to 

predict and analyse phase behaviour, including vapour-liquid 

and liquid-liquid equilibrium of R1243zf/lubricant oils. Phase 

diagram analysis confirmed that the binary systems of R1243zf 

with 3GS, 4GS and RL68H are classified as type III mixtures. 

Furthermore, the coefficient of performance (COP) of the cycle 

was comprehensively evaluated. By comparing the effects of 

different lubricants on cycle performance, it can be concluded 

that RL68H is the most suitable lubricant among the three lub-

ricants for R1243zf refrigeration systems. The modelling frame-

work and COP evaluation methodology developed in this work 

can be extended to a broader range of refrigerant/lubricant com-

binations, providing a useful basis for lubricant screening. 
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