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processes, heat pumps are cheaper and safer for operation. The life-span of heat pumps is relatively long with less maintenance (the average life-span is between 14 to 15 years [START_REF] Vekony | Heat pumps: 7 advantages and disadvantages[END_REF]), which means they are exceptionally reliable source of heating and cooling. During the last decades, the overuse of traditional refrigerants in the HVAC&R systems exacerbated environmental and climate degradation [START_REF] Austin | Transcritical carbon dioxide heat pump systems: A review[END_REF]. As being a natural fluid with excellent thermo-physical properties, CO 2 is a promising working fluid to replace the traditional refrigerants.

It presents the advantage of having a negligible impact on climate change, with zero ODP (Ozone Depletion Potential) and 1 GWP (Global Warming Potential), it is non-toxic, non-flammable and non-corrosive [START_REF] Kim | Fundamental process and system design issues in CO 2 vapor compression systems[END_REF]. In addition, CO 2 can also be used in the transcritical heat pump system to improve the cycle efficiency due to the advantage of the temperature range.

However, for the traditional CO 2 cycles with throttling valve as an expansion device, there is a significant amount of irreversibilities that occurs in the expansion process, resulting in the decrease of cycle COP (Coefficient of Performance). The irreversibilities are even more pronounced in the transcritical CO 2 cycle, as the pressure ratio of the expansion is higher than that of other fluids such as R134a, R245fa or R1233zd.

Cycle modification to replace the expansion valve for performance enhancement is a promising research domain nowadays [START_REF] Austin | Transcritical carbon dioxide heat pump systems: A review[END_REF].

Applied in the heat pump cycle to replace the traditional expansion valve, ejectors can reduce the throttling loss and expansion irreversibility. A typical schematic of the CO 2 ejector expansion heat pump cycle and corresponded pressure-enthalpy diagram are depicted in Fig. 1. The main components in the cycle are the compressor, the gas cooler, the ejector, the vapor-liquid separator, the expansion valve and the evaporator.

The auxiliary pipes and valves are not presented in the diagram. Compared to the traditional heat pump cycle, the ejector replaces the expansion valve to recover the expansion energy.

From Fig. 1, the refrigerant at state 1 is compressed into a supercritical fluid (state 2) in the compressor, then cooled down in the gas cooler (state 3). After expansion in the ejector, the main flow is divided into saturated vapor and saturated liquid in the separator (state 1 and 7). The saturated liquid then flows through the expansion valve (state 8) and enters the evaporator. After evaporation (state 9), the vapor from the evaporator is entrained at the inlet of ejector and then a complete loop is accomplished.

The ejector is the most important component of the cycle and the research on ejectors are focused on the following topics: parameter optimization, structural design, simulation and experimental validation [START_REF] Sarkar | Ejector enhanced vapor compression refrigeration and heat pump systems-A review[END_REF][START_REF] Kornhauser | The use of an ejector as a refrigerant expander[END_REF][START_REF] Ouzzane | Model development and numerical procedure for detailed ejector analysis and design[END_REF][START_REF] Zhu | Experimental investigation into the influence of vortex control on transcritical r744 ejector and cycle performance[END_REF]. As shown in Fig. 2, the ejector is generally divided into four sections, namely the driving and suction nozzles, the constant-area mixing section and the diffuser section. The motive flow, also named primary flow (supercritical liquid), accelerates in the driving nozzle and expands from the high pressure P 3 to the low pressure P 4 . The suction flow (or secondary flow) accelerates and slightly expands (the expansion is ignored in some studies [START_REF] Sarkar | Optimization of ejector-expansion transcritical CO 2 heat pump cycle[END_REF][START_REF] Deng | Particular characteristics of transcritical CO 2 refrigeration cycle with an ejector[END_REF][START_REF] He | Thermodynamic study on a new transcritical CO 2 ejector expansion refrigeration system with two-stage evaporation and vapor feedback[END_REF]) from P 9 to P 4 in the suction nozzle. The two streams then enter and mix up in the constant-area mixing section. The mixed flow decelerates and is pressurized to an intermediate pressure P 6 in the diffuser afterwards. The mass flow ratio of the suction flow and the motive flow entering the ejector is defined as the entrainment ratio (w) of the ejector (Eq. 1).

w = ṁs / ṁm (1)
The inlet pressure of the compressor raises from the evaporation pressure to a higher value by the ejector, contributing to less compression work and to the improvement of the system's COP. To study the complicated thermohydraulic mechanisms inside the ejector or to quickly get the predicted values of the ejector's outlet parameters, numerous scholars have made attempts to simulate the flow inside ejectors [START_REF] Sarkar | Optimization of ejector-expansion transcritical CO 2 heat pump cycle[END_REF][START_REF] Deng | Particular characteristics of transcritical CO 2 refrigeration cycle with an ejector[END_REF][START_REF] Song | Review on the simulation models of the two-phase-ejector used in the transcritical carbon dioxide systems[END_REF][START_REF] Lucas | Numerical investigation of a two-phase CO 2 ejector[END_REF][START_REF] Colarossi | Multidimensional modeling of condensing twophase ejector flow[END_REF][START_REF] Smolka | A computational model of a transcritical R744 ejector based on a homogeneous real fluid approach[END_REF][START_REF] Ameur | Modeling and numerical approach for the design and operation of two-phase ejectors[END_REF][START_REF] Banasiak | Experimental and numerical investigation of the influence of the twophase ejector geometry on the performance of the R744 heat pump[END_REF][START_REF] Li | Transcritical CO 2 refrigeration cycle with ejector-expansion device[END_REF][START_REF] Liu | Investigation on performance of variable geometry ejectors for CO 2 refrigeration cycles[END_REF][START_REF] Elbel | Effect of internal heat exchanger on performance of transcritical CO 2 systems with ejector[END_REF][START_REF] Banasiak | 1d computational model of a two-phase R744 ejector for expansion work recovery[END_REF][START_REF] Zheng | Dynamic simulation of an improved transcritical CO 2 ejector expansion refrigeration cycle[END_REF][START_REF] Liu | Study of ejector efficiencies in refrigeration cycles[END_REF]. Generally, the simulation models can be classified into two groups: zero/one-dimension-models and two/three-dimensionmodels.

A two/three-dimension computational fluid dynamics (CFD) model is more complex. Moreover the meshing and model solving is more time consuming. However, CFD models are more accurate in reflecting the internal modeling observed in the literature [START_REF] Sarkar | Optimization of ejector-expansion transcritical CO 2 heat pump cycle[END_REF][START_REF] Deng | Particular characteristics of transcritical CO 2 refrigeration cycle with an ejector[END_REF][START_REF] He | Thermodynamic study on a new transcritical CO 2 ejector expansion refrigeration system with two-stage evaporation and vapor feedback[END_REF][START_REF] Smolka | A computational model of a transcritical R744 ejector based on a homogeneous real fluid approach[END_REF]. The main advantage of zero/one-dimension-models is the ability to rapidly generate results [START_REF] Banasiak | Experimental and numerical investigation of the influence of the twophase ejector geometry on the performance of the R744 heat pump[END_REF].

The modeling method also varies according to the state of the fluid. The homogeneous relaxation model (HRM) and delayed equilibrium model (DEM) are based on a non-thermodynamic equilibrium state, while the homogeneous equilibrium model (HEM) is based on the thermodynamic equilibrium state for the entire two-phase region. HRM approach assumes that at high Reynolds and Weber numbers, the scales at which turbulent mixing occurs are separate from those of the bulk fluid motion, allowing the turbulent mixing and generation of interfacial surface area to be resolved through classical turbulence closures. Relatively, the DEM method introduces an additional fraction of the metastable liquid that is gradually submitted to isentropic flashing. Table 1 provides a summary and overview of part of the research on the ejector modeling from various scholars.

In addition to the modelings of ejectors, many researchers have conducted experimental studies on ejectors to quantify their performance in a heat pump cycle. Parametric analysis has been performed to obtain the operation pattern of ejectors in the system at different pressure and temperature levels, and to study the performance variation of ejectors with different geometrical dimensions [START_REF] Banasiak | Experimental and numerical investigation of the influence of the twophase ejector geometry on the performance of the R744 heat pump[END_REF][START_REF] Liu | Investigation on performance of variable geometry ejectors for CO 2 refrigeration cycles[END_REF][START_REF] Liu | Study of ejector efficiencies in refrigeration cycles[END_REF][START_REF] Chunnanond | An experimental investigation of a steam ejector refrigerator: the analysis of the pressure profile along the ejector[END_REF][START_REF] Zhu | Comprehensive experimental study on a transcritical CO 2 ejectorexpansion refrigeration system[END_REF][START_REF] Nakagawa | Experimental investigation on the effect of mixing length on the performance of two-phase ejector for CO 2 refrigeration cycle with and without heat exchanger[END_REF][START_REF] Aligolzadeh | A novel methodology for designing a multi-ejector refrigeration system[END_REF][START_REF] Haberschill | Experimental study of a two-phase ejector for CO 2 transcritical refrigeration system[END_REF]. Lucas et al. [START_REF] Lucas | Numerical investigation of a two-phase CO 2 ejector[END_REF] CFD HEM The numerical simulation predicted the experimentally determined driving mass flux within an error range of 10 %, and the maximal derivation of pressure recovery is up to 20 %.

Smolka et al. [14]

CFD HEM The numerical results showed good agreement with the measured values. The model was developed in 3-D geometry and showed some non-symmetries in the obtained results, which are contrary to most of the axisymmetric models in the literature.

Colarossi et al. [START_REF] Colarossi | Multidimensional modeling of condensing twophase ejector flow[END_REF] CFD HRM The occurrence location of pressure recovery is affected by the motive and suction inlet velocity as well as the ejector geometry. The flow is near thermodynamic equilibrium in the diffuser. Turbulent viscosity is greatest in the mixing section.

summary and overview of part of the research on the experimental study from various scholars. 

Chunnanond

and Aphornratana [START_REF] Chunnanond | An experimental investigation of a steam ejector refrigerator: the analysis of the pressure profile along the ejector[END_REF] Parametric analysis,

Ejector design

An experimental steam ejector refrigerator was constructed to examine the influences of the operating conditions, the superheated level of the primary fluid, and the geometry, including the position of the primary nozzle, on the system performance.

Zhu et al. [24]

Parametric analysis The ejector performance of the entrainment ratio, pressure lift ratio, and efficiency were investigated under various primary flow pressure, secondary flow pressure, and back pressure conditions.

Nakagawa et al. [25] Ejector design

The effect of mixing length on ejector system performance was analyzed experimentally. The mixing lengths used were 5 mm, 15 mm, and 25 mm, with constant rectangular cross-section.

Aligolzadeh and Fard [START_REF] Aligolzadeh | A novel methodology for designing a multi-ejector refrigeration system[END_REF] Ejector design A practical methodology is presented to and provides a road map to design a multi-ejector refrigeration system with maximum seasonal COP that provides the required cooling load of a building over a hot season.

Haberschill et al. [27] Ejector design

The experiments investigated the variation of ejector geometry such as the motive nozzle throat diameter, the mixing chamber diameter and the distance between the motive nozzle and the diffuser on the ejector working characteristics and the system performance.

are by far the most studied models. However, the accuracy of the zero/one-dimensional model in predicting the ejector outlet pressure, the entrainment ration, and other parameters for various operating conditions needs to be verified with further experimental data. The effect of the simplification during zero/one-dimension modeling is also unclear. Moreover, few studies have been devoted to the comparative analysis of different existing models available in the literature [START_REF] Deng | Particular characteristics of transcritical CO 2 refrigeration cycle with an ejector[END_REF][START_REF] Li | Transcritical CO 2 refrigeration cycle with ejector-expansion device[END_REF]. Experimental data from Zhu et al. [START_REF] Zhu | Comprehensive experimental study on a transcritical CO 2 ejectorexpansion refrigeration system[END_REF] and Haberschill et al.

[27] are used to validate and compare the two models. By comparing and analyzing the discrepancies between experimental data and simulation results, the source of deviation is diagnosed and corrected. Quantitative analysis is performed on the prediction accuracy of the two selected typical 1-D ejector models implanted in CO 2 transcritical cycle. The present research work can provide a guideline for the subsequent optimization of 1-D ejector numerical simulation.

Experimental data

Two sets of independent experimental data compiled from the current literature are used to compare and validate the models [START_REF] Zhu | Comprehensive experimental study on a transcritical CO 2 ejectorexpansion refrigeration system[END_REF][START_REF] Haberschill | Experimental study of a two-phase ejector for CO 2 transcritical refrigeration system[END_REF]. By comparing the simulation results with the experimental data under the same operating parameters, the accuracy of the two models can be analyzed and compared.

Experimental setup from Zhu et al. [24]

The first group of experimental data obtained from Zhu et al. [START_REF] Zhu | Comprehensive experimental study on a transcritical CO 2 ejectorexpansion refrigeration system[END_REF] is briefly described here. The schematic of this experimental rig is shown in Fig. 3. In the ejector expansion refrigeration cycle, the compressor used is DORIN CD180H with a 7.5 kW inverter to control the compressor speed. The gas cooler is a counter-flow plate heat exchanger rated at 7.5 kW with water as the coolant. The evaporator has a parallel flow microchannel heat exchanger with a variable speed fan to control the superheat of the evaporator outflow. And the capacity of the evaporator is 5 kW. In addition, a fan heater with a maximum capacity of 3 kW is placed near the evaporator to maintain room temperature.

The range of the input pressure and temperature values as well as the mass flow rates for the motive and suction flows are listed in Table 3. 

± 0.1 % ± 0.1 % ± 0.2 • C

Experimental setup from Harberschill et al. [27]

To further validate the accuracy of the models, an additional group of experimental data is taken from a prototype of an air/water refrigeration machine using CO 2 as a refrigerant [START_REF] Haberschill | Experimental study of a two-phase ejector for CO 2 transcritical refrigeration system[END_REF]. The simplified cycle schematic is shown in Fig. 4. The system is composed of three circuits that are independent of each other. The first one is the CO 2 circuit. The second one is an auxiliary water circuit whose temperature and flow rate are controlled to simulate the variation of the hot source. The third one is an air circuit, regulated in temperature and humidity to simulate the variations of the climatic conditions. A Bock RKX26/31-4 brand 6-cylinder semi-hermetic radial piston compressor is powered by a Danfoss variable speed driver and operates from 0 to 1450 rpm. A coaxial high-pressure water exchanger is installed to cool the vapor. From Fig. 4, an internal heat exchanger is installed in the system, which allows the supercritical flow at high temperature from the gas cooler to preheat the saturated vapor exiting from the separator. As an adjustment to the model, the temperature of heated vapor is taken as an additional input, and the outlet parameters of the cooled fluid are calculated according to the energy balance. The range of the input pressure and temperature values as well as the mass flow rates for the motive and suction flows are listed in Table 4.
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Modeling/methodology

The 1-D HEM models are classified into two categories based on the variation of pressure before and after the mixing process inside the ejector: the first group neglects the pressure variation during the mixing process and for the second group the pressure variation is considered. Two 1-D HEM models [START_REF] Deng | Particular characteristics of transcritical CO 2 refrigeration cycle with an ejector[END_REF][START_REF] Li | Transcritical CO 2 refrigeration cycle with ejector-expansion device[END_REF] that represent the above categories are selected to study two-phase flow in the ejector which is implanted in a transcritical 115 CO 2 heat pump cycle. In this paper, the two groups of models are named as constant pressure mixing model [START_REF] Deng | Particular characteristics of transcritical CO 2 refrigeration cycle with an ejector[END_REF] and variable pressure mixing model [START_REF] Li | Transcritical CO 2 refrigeration cycle with ejector-expansion device[END_REF].

3.1. Modeling of the ejector of the variable pressure mixing model [START_REF] Li | Transcritical CO 2 refrigeration cycle with ejector-expansion device[END_REF] For variable pressure mixing model, the simulation is based on the system schematic shown in Fig. 1 and is referred to Li and Groll [START_REF] Li | Transcritical CO 2 refrigeration cycle with ejector-expansion device[END_REF]. As explained in the original article, some assumptions are applied to simplify the simulation [START_REF] Li | Transcritical CO 2 refrigeration cycle with ejector-expansion device[END_REF]:

1. Pressure drop along the pipe and in the main components is neglected.

2. The system is adiabatic except for heat exchange with the environment in the gas cooler and evaporator.

3. Kinetic energies of the refrigerant at the ejector inlet and outlet are negligible.

4. The flow through the throttle valve is isenthalpic.

5. The friction losses in the mixing section is neglected.

According to above assumptions, the modeling proceeds sequentially by components in the system. Inside the ejector, the motive stream is accelerated with a pressure drop from P 3 to P 4 before mixing. P 4 is slightly lower than the evaporation pressure P 9 . The pressure difference between state 4 and state 9 is supposed to vary with the operating parameters. Li and Groll [START_REF] Li | Transcritical CO 2 refrigeration cycle with ejector-expansion device[END_REF] investigated the effect of various pressure differences (0.01 MPa, 0.03 MPa and 0.05 MPa) on the ejector entrainment ratio and system COP, but no correlation was provided. Moreover, there is no available methodology in the open literature to calculate the pressure difference. Therefore, 0.03 MPa is set as the default value in the variable pressure mixing model.

The enthalpy of the motive flow at the outlet of the nozzle is determined by Eq. 2, where η m is the isentropic efficiency of the motive nozzle and h m,is is the ideal enthalpy for an isentropic expansion. The flow velocity of the motive flow (u m ) at the nozzle outlet can be obtained by an energy balance between states 3 and 4 using Eq. 3, where h 4,m is the enthalpy of the motive flow at the nozzle outlet. The density of the motive flow at the nozzle outlet can be found with a property relationship by Eq. 4.

h 4,m = h 3 -η m • (h 3 -h m,is ) (2) 1 2 • u m 2 = h 3 -h 4,m (3) 
ρ m = f (h 4,m , P 4 ) (4) 
Using the conservation of mass, the area occupied by the motive flow at the nozzle outlet per unit total ejector flow rate is given by Eq. 5, where w is the entrainment ratio of ejector.

a m = 1 (1 + w) • ρ m • u m (5) 
The suction flow also slightly expands in the suction nozzle and the calculation of the outlet enthalpy and the flow velocity is analogous to the motive flow, given by Eq. 6 to Eq. 9.

h 4,s = h 9 -η s • (h 9 -h s,is ) (6) 1 2 • u s 2 = h 9 -h 4,s (7) 
ρ s = f (h 4,s , P 4 ) (8) 
a s = w (1 + w) • ρ s • u s (9) 
For the mixing process, an unknown pressure P mix will be introduced. According to the conservation of momentum before and after the mixing of the motive and suction flows, Eq. 10 is obtained, where u mix is the flow velocity of the mixed flow. According to the conservation of energy, the enthalpy of the fluid after the mixing can be obtained by Eq. 11.

P 4 • (a m + a s ) + 1/(1 + w) • u m + w/(1 + w) • u s = P mix • (a m + a s ) + u mix (10) 
(1 + w)

• (h mix + 1 2 • u mix 2 ) = h 4,m + w • h 4,s (11) 
An isentropic efficiency η d is assumed to determine the isentropic outlet enthalpy of ejector (Eq. 12). The ejector outlet enthalpy h 6 is obtained by the energy balance between the inlet and the outlet of the ejector (Eq. 13). Then the outlet pressure is acquired by state equations with the known outlet enthalpy and the entropy for an isentropic process.

h 6,is = η d • h 6 + (1 -η d ) • h mix ( 12 
)
h 6 = 1/(1 + w) • h 3 + w/(1 + w) • h 9 (13) 
After obtaining the ejector outlet pressure, along with the calculated actual enthalpy at the outlet, more thermodynamic parameters, such as entropy and vapor quality, can be acquired through the state equations.

To this point the modeling of the ejector is terminated.

modeling of the ejector of the constant pressure mixing model [9]

For the constant pressure mixing model, common assumptions with the variable pressure mixing model in section 2.1 are applied during the simulation, and the modeling process refers to Deng et al. [START_REF] Deng | Particular characteristics of transcritical CO 2 refrigeration cycle with an ejector[END_REF]. In contrast to the variable mixing pressure model, the suction flow is not expanded in the nozzle, and the motive flow expands to the evaporation pressure at the nozzle outlet (Eq. 14). The most significant difference between the two models is that the pressure does not change before and after the mixing of the motive and suction flows.

The velocity of the mixed flow is computed by the momentum balance (Eq. 15). Except for these differences, the simulations of the ejector nozzle and the diffuser are identical to the variable pressure mixing model (Eq.

2 and Eq. 3, Eq. 12 and Eq. 13 respectively), without duplicate description in this section.

P 4 = P 9 (14) 
u m /(1 + w) = u mix (15) 

Modeling of other components

After expansion in the ejector, the mixed flow goes through the separator where the saturated vapor is compressed in the compressor and the saturated liquid expands through the valve and enters into the evaporator. In this section, the modelings of different components in the system are introduced in sequence referring to the literature by [START_REF] Deng | Particular characteristics of transcritical CO 2 refrigeration cycle with an ejector[END_REF][START_REF] Li | Transcritical CO 2 refrigeration cycle with ejector-expansion device[END_REF].

For the modeling of the compressor, the compression is assumed as adiabatic and an isentropic efficiency η comp is introduced to characterize the performance of the compressor. With the isentropic efficiency and a fixed outlet pressure of the compressor, the outlet enthalpy can be calculated by Eq. 16, where h 1 and h 2,is are the inlet enthalpy and outlet enthalpy of an isentropic process for the compressor. The other thermodynamic parameters can be obtained by the state equations. The power consumed by the compressor can be expressed by Eq. 17, where ṁm is the mass flow rate of the motive flow.

η comp = h 2,is -h 1 h 2 -h 1 (16) 
Ẇcomp = ṁm • (h 2 -h 1 ) (17) 
Compressed in the compressor, the motive flow is then cooled in the gas cooler. The outlet pressure and temperature are known during modeling. The outlet enthalpy is also known with state equations. With inlet and outlet enthalpies, the capacity of the gas cooler is calculated using Eq. 18.

Qheating = ṁm • (h 2 -h 3 ) (18) 
After exiting the separator, the saturated liquid flows through a throttle valve and is heated to the saturated or superheated vapor in the evaporator. The expansion through the valve is considered isenthalpic in the modeling (h 8 = h 7 ). Then the cooling capacity of the evaporator is expressed by Eq. 19, where h 9 is known with input values of the temperature and the pressure.

Qcooling = ṁs • (h 9 -h 8 ) (19) 
In the referenced literature [START_REF] Deng | Particular characteristics of transcritical CO 2 refrigeration cycle with an ejector[END_REF][START_REF] Li | Transcritical CO 2 refrigeration cycle with ejector-expansion device[END_REF], the heat pump is used for cooling application, so the COP of cooling is selected as the system evaluation indicator and is calculated by Eq. 20.

COP cooling = Qcooling Ẇcomp (20)

Resolution of the numerical models

Based on the original reference [START_REF] Deng | Particular characteristics of transcritical CO 2 refrigeration cycle with an ejector[END_REF][START_REF] Li | Transcritical CO 2 refrigeration cycle with ejector-expansion device[END_REF] and following the basic modeling framework as described in the former sections, the realization and operation of the models are completed using Matlab. The flow charts of the modeling process of the ejector for the two models are depicted as in Fig. 5. All the thermodynamic parameters are acquired through the Python package of the Coolprop integrated in Matlab. For the two models, the input parameters include the temperature and pressure values at the ejector inlets, as well as the isentropic efficiencies of the ejector components and the compressor. Since the friction losses in the mixing section are not accounted in both models, the mixing efficiency of the ejector is assumed as 1 rather than an input parameter. Liu et al. [START_REF] Liu | Investigation on performance of variable geometry ejectors for CO 2 refrigeration cycles[END_REF] established an empirical correlations to estimate the ejector component efficiencies at different ejector geometries and operating conditions. However, these correlations should be used within the following boundaries:

1. 8.0 MPa <P m < 14.0 MPa, 2.5 MPa <P s < 5.0 MPa; It is clear that the correlation applies to more restrictive conditions, and neither of the two sets of data cited in this paper [START_REF] Zhu | Comprehensive experimental study on a transcritical CO 2 ejectorexpansion refrigeration system[END_REF][START_REF] Haberschill | Experimental study of a two-phase ejector for CO 2 transcritical refrigeration system[END_REF] matches this condition. Therefore, the geometries of the ejector are not used as input parameters during the simulation, instead, like most similar models, the isentropic efficiencies of the ejector components are fixed to the appropriate values. The input isentropic efficiencies of the ejector nozzle and the diffuser are set as 0.6 for the tested ejector from Haberschill et al. [START_REF] Haberschill | Experimental study of a two-phase ejector for CO 2 transcritical refrigeration system[END_REF] due to the generally inferior performance. For the ejector of Zhu et al. [START_REF] Zhu | Comprehensive experimental study on a transcritical CO 2 ejectorexpansion refrigeration system[END_REF], 0.8 is selected as the default isentropic efficiency for the ejector components owing to the better performance based on the analysis of the experimental data.

The closure of the simulation is based on the tolerated deviation (ϵ) of the iterated parameters. In the constant pressure mixing model, there is only one unknown parameter: entrainment ratio w which needs to be found by an iteration based on the mass balance of the vapor between the inlet and the outlet of the ejector, as depicted by Eq. 21, where x 6 is the vapor quality at the ejector outlet which is acquired by the state equations.

x 6 = 1/(1 + w) (21) 
In the variable pressure mixing model, besides entrainment ratio, the pressure value after the mixing of the motive and suction flows is also unknown and needs to be found by an iteration. The closure criteria is the mass conservation of the mixed flow (Eq. [START_REF] Liu | Study of ejector efficiencies in refrigeration cycles[END_REF], where ρ mix is the density of the mixed flow.

ρ mix • (a m + a s ) • u mix = 1 ( 22 
)
The output parameters of the ejector modeling are the pressure and enthalpy values at the entrance and the exit of each section, the outlet vapor quality and the entrainment ratio of the ejector. After obtaining these parameters, and running the models for the remaining components as described in the above section, the modeling of the ejector expansion heat pump cycle is terminated.

After reproduction of the two models based on the original works [START_REF] Deng | Particular characteristics of transcritical CO 2 refrigeration cycle with an ejector[END_REF][START_REF] Li | Transcritical CO 2 refrigeration cycle with ejector-expansion device[END_REF], the simulated entrainment ratio, ejector outlet vapor quality, COP and relative performance ratio are compared with the original simulation values from the respective articles [START_REF] Deng | Particular characteristics of transcritical CO 2 refrigeration cycle with an ejector[END_REF][START_REF] Li | Transcritical CO 2 refrigeration cycle with ejector-expansion device[END_REF], and they show a good agreement as depicted in the appendix.

As a result, the models are validated and can be used to compare with each other using the independent experimental data, which has never been done in the literature before.

Liquid mass balance in the separator

For the ejector expansion cycle, the motive flow is mixed with the suction flow and exits the ejector in a two-phase flow. In the separator, the liquid at the ejector outlet is separated and flows to the evaporator.

On the contrary, the vapor from the ejector outlet is split and enters the compressor, as shown in Fig. 6.

When the system operates steadily, there is a general mass balance for the separator defined by Eq. 23 that is satisfied. In parallel, the liquid mass balance is defined by Eq. 24. Under this equilibrium, the liquid level in the separator is constant and the liquid portion of the ejector outlet flow is completely separated by the separator and flows to the evaporator. Both the 1-D models studied are based on such a steady state. 

) ṁmix • (1 -x 6 ) = ṁs 23 
However, it is known from the computations based on the two sets of experimental data [START_REF] Zhu | Comprehensive experimental study on a transcritical CO 2 ejectorexpansion refrigeration system[END_REF][START_REF] Haberschill | Experimental study of a two-phase ejector for CO 2 transcritical refrigeration system[END_REF] that the equilibrium is hardly maintained in the actual system operation for the most cases. Meanwhile, when the actual system operates at steady state under the specific working conditions (e.g. temperature, pressure, compressor speed, capacity of the gas cooler and evaporator), it is observed that the liquid level in the separator continuously changes (rises or falls). The operating state of the actual system is named as pseudo-steady state to distinguish from the steady state in the 1-D models. The general mass balance for the separator is still valid under the pseudo-steady state but the liquid balance (Eq. 24) before and after the separator is broken and the liquid level constantly changes during the operation. As a matter of fact, a larger volume of separator is used for the experimental test facility to avoid being completely filled with vapor or liquid and to guarantee a stable operation period [START_REF] Zhu | Comprehensive experimental study on a transcritical CO 2 ejectorexpansion refrigeration system[END_REF][START_REF] Haberschill | Experimental study of a two-phase ejector for CO 2 transcritical refrigeration system[END_REF].

The liquid imbalance is mainly caused by the mismatch between the entrainment ratio of the ejector and the vapor quality at the ejector outlet. That is, in the actual operation, for a selected ejector, the entrainment ratio w and vapor quality x 6 will satisfy Eq. 21 (equivalent to Eq. 24) only under specific operating condition which is hard to maintain and predict. However, for the actual operating system, Eq. 21 does not always hold because the operating parameters such as pressures and temperatures will deviate from the specific value for steady state and the system lacks self-regulation, so the liquid level in the separator is also dynamically changing. That's why some scholars have proposed improved ejector refrigeration systems to control the liquid level of the separator [START_REF] Sarkar | Optimization of ejector-expansion transcritical CO 2 heat pump cycle[END_REF][START_REF] He | Thermodynamic study on a new transcritical CO 2 ejector expansion refrigeration system with two-stage evaporation and vapor feedback[END_REF][START_REF] Li | Transcritical CO 2 refrigeration cycle with ejector-expansion device[END_REF].

A new expression of the coefficient of liquid mass balance [START_REF] Zhu | Comprehensive experimental study on a transcritical CO 2 ejectorexpansion refrigeration system[END_REF] for the vapor-liquid separator, β, is defined by Eq. 25. β can be used to quantify the deviation of the separator between the pseudo-steady state during the actual operation and the steady state.

β = ( ṁmix • (1 -x 6 ) -ṁs )/ ṁs (25) 
The imbalance represents the existence of excess vapor or liquid at the outlet of the separator due to the performance limitation of the separator (the vapor and liquid can not be perfectly separated). When β is negative, it indicates that the there is surplus liquid at the separator outlet. In contrast, when β is positive, it means there is an excess vapor at the outlet.

The two 1-D HEM models studied in our paper are derived from the literature, which are widely used by many scholars. Since the models studied are in a different operating state from the actual experimental test systems [START_REF] Zhu | Comprehensive experimental study on a transcritical CO 2 ejectorexpansion refrigeration system[END_REF][START_REF] Haberschill | Experimental study of a two-phase ejector for CO 2 transcritical refrigeration system[END_REF], and since there are currently no scholars who have built an actual experimental system with liquid level regulation control device. In order to validate the 1-D HEM models using the available experimental data [START_REF] Zhu | Comprehensive experimental study on a transcritical CO 2 ejectorexpansion refrigeration system[END_REF][START_REF] Haberschill | Experimental study of a two-phase ejector for CO 2 transcritical refrigeration system[END_REF] and based on steady state (without liquid imbalance), a data post-processing method based on a hypothetical system is introduced (inspired by the new configuration of the ejector expansion refrigeration system from He et al. [START_REF] He | Thermodynamic study on a new transcritical CO 2 ejector expansion refrigeration system with two-stage evaporation and vapor feedback[END_REF]). The schematic of the hypothetical corrected system is depicted as Fig. 7. The method is not a restructuring of the actual operating system, but to extrapolate the system performances if it operated without liquid imbalance. Then the proceeded experimental data can be used to validate the two 1-D numerical models that operate at steady state without the liquid imbalance. From Fig. 7, there are two cases for data processing based on the value of β. To offset the excess liquid (β is negative), it can be assumed that an additional evaporator is installed to evaporates the liquid into saturated vapor. The saturated vapor mixes with the vapor from the separator outlet and then flows into the compressor. For the case of excess vapor at the outlet (β is positive). It can be assumed that there is a bypass loop to mix the excess vapor at the outlet of the separator with the two-phase flow exiting after the expansion valve. The mixture then enters into the evaporator.

The mass flow rates of the motive and suction flows after data post-processing are determined by the vapor quality at the ejector outlet. The unit mass flow rate of motive and suction flows can be expressed by Eq. 26

and Eq. 27, where w new is the new entrainment ratio after data post-processing. The unit mass flow rate is based on the basis that the total flow rate is 1.

ṁp,unit = 1/(1 + w new ) = x 6 (26) 
ṁs,unit = w new /(1

+ w new ) = 1 -x 6 (27) 
After data post-processing, for the compressor, the inlet and outlet temperatures and pressures are unchanged, so the variation of compression work is only related to the correction of the mass flow rate.

The capacity of the evaporator will change accordingly to the value of β. When β is negative, besides the change due to the mass flow rate correction, the capacity of the extra evaporator has to be considered. The modified capacity of the evaporator for unit total mass flow rate is calculated using Eq. 28 and Eq. 29. Where ṁs,unit • β is the mass flow rate in the extra evaporator and h 1 -h 7 is the enthalpy change.

Qcool,extra,unit = ṁs,unit

• β • (h 1 -h 7 ) (28) 
Qcool,unit = ṁs,unit

• (h 9 -h 8 ) + Qcool,extra,unit (29) 
When β is positive, in addition to the correction of the flow rate, the enthalpy of the inlet also changes due to the mixing of the two fluids at the inlet. The new capacity of the evaporator for unit total mass flow rate is calculated by Eq. 30 and Eq. 31, where h 8,new is enthalpy value of mixed fluid at state 8.

h 8,new = ( ṁs • h 8 + ṁs • β • h 1 )/(( ṁm + ṁs ) • (1 -x 6 )) (30) 
Qcool,unit = ṁs,unit

• (h 9 -h 8,new ) (31) 
With such recalculation applied to the obtained experimental data, the liquid imbalance during the operation of the actual system can be eliminated, then the corrected experimental data allows to validate the models under a steady state. provided by the manufacturers often serve as a reference during simulations. But for the ejector components, there is no accurate and applicable calculation formula in the available literature. Therefore, deviations of ejector component's efficiencies in the modeling process can also lead to large cumulative simulation errors.

Experimental validation and comparative analysis of 1-D models

To validate the 1-D models studied in this paper, the necessary input parameters are the input temperatures and pressures of the motive and suction flows. When using the data set from Haberschill et al. [START_REF] Haberschill | Experimental study of a two-phase ejector for CO 2 transcritical refrigeration system[END_REF], the outlet temperature of the internal heat exchanger for the heated flow is taken as an extra input parameter.

Considering the significant impact on the system performance, the compressor efficiencies of both test units are obtained from the corresponding experimental data in order to avoid large deviations.

The two 1-D models are verified with the two selected groups of independent experimental data, the performance indicator for the test facility is the COP for refrigeration applications. For both models, the simulated entrainment ratio of the ejector is compared to the value derived from the measured flow rate of the primary and suction flows. Other parameters such as the outlet pressure and vapor quality of the ejector are also verified with the experimental data.

The validation of the two 1-D models is conducted in two groups, the first group is validated with the original experimental data, while the second group is verified with the processed experimental data, when the liquid imbalance of the system is eliminated. Fig. 10 to Fig. 13 describe the deviation of the simulation results of both models on the COP and entrainment ratio. In a comprehensive comparison, the deviation distribution of the two models are similar. Before data post-processing, the relative errors of the COP and entrainment ratio vary from nearly 0 to more than 50 % for both models. This indicates that neither model can predict accurately enough on the cycle performance nor the operation of the ejector for most cases. For the data from Zhu et al. [START_REF] Zhu | Comprehensive experimental study on a transcritical CO 2 ejectorexpansion refrigeration system[END_REF], there is better agreement between the simulated and experimental values for the COP, but the deviation could still reach 30%. This indicates that due to the effect of the liquid imbalance before and after the separator, both 1-D models are not accurate for the COP and entrainment ratio prediction.

After post-processing of the experimental data to eliminate the effects of liquid imbalance, the relative deviations of the COP and entrainment ratio are significantly reduced. Specifically, the deviation of COP is reduced from 30% to 15% using the data from Zhu et al. [START_REF] Zhu | Comprehensive experimental study on a transcritical CO 2 ejectorexpansion refrigeration system[END_REF] as a reference. And for the experimental data of Haberschill et al. [START_REF] Haberschill | Experimental study of a two-phase ejector for CO 2 transcritical refrigeration system[END_REF], the deviation is also reduced from 50% to about 15%. For the entrainment ratio, the discrepancy is almost eliminated, with the relative deviation less than 5%.

To quantitatively compare the accuracy of the two models, average deviation and variance value are introduced. For the data set of Zhu et al. [START_REF] Zhu | Comprehensive experimental study on a transcritical CO 2 ejectorexpansion refrigeration system[END_REF], the average absolute deviation of the COP and entrainment ratio is 13.14 % and 1.35 % accordingly for the constant pressure mixing model. For the variable pressure mixing model, the corresponding values are 10.71 % for the COP and 1.58 % for the entrainment ratio. For both models, the variance of these parameters is almost identical and quite small (less than 0.5 %).

With the data set from Figure 12: Calculated entrainment ratio versus experimental entrainment ratio for the constant pressure mixing model [START_REF] Deng | Particular characteristics of transcritical CO 2 refrigeration cycle with an ejector[END_REF] Figure 13: Calculated entrainment ratio versus experimental entrainment ratio for the variable pressure mixing model [START_REF] Li | Transcritical CO 2 refrigeration cycle with ejector-expansion device[END_REF] vapor quality and outlet pressure compared to the system COP and entrainment ratio of the ejector. The overall absolute relative error of the vapor quality is below 15%, and the simulation results match better with the experimental data from Haberschill et al. [START_REF] Haberschill | Experimental study of a two-phase ejector for CO 2 transcritical refrigeration system[END_REF]. As to the outlet pressure of the ejector, the situation is reversed. The simulation results of the two 1-D models show better agreement with the data from Zhu et al. [START_REF] Zhu | Comprehensive experimental study on a transcritical CO 2 ejectorexpansion refrigeration system[END_REF], and the deviation is generally less than 5 %.

Moreover, the simulated ejector outlet pressure is higher than the experimental value for the case of Haberschill et al. [START_REF] Haberschill | Experimental study of a two-phase ejector for CO 2 transcritical refrigeration system[END_REF]. Comparing the two models, the accuracy of the prediction on the vapor quality and ejector outlet pressure is nearly identical. The difference of the average deviation is less than 0.6 %, except for the ejector outlet pressure in the case of Zhu et al. [START_REF] Zhu | Comprehensive experimental study on a transcritical CO 2 ejectorexpansion refrigeration system[END_REF], where the average deviation is 2.99 % for the variable pressure mixing model and 0.84 % for the constant pressure mixing model. Based on the comparative analysis, conclusions can be drawn that both 1-D homogeneous equilibrium simulation models are able to predict the ejector outlet pressure and vapor quality precisely, but the simulated values for the entrainment ratio and the COP of the cycle have a large deviation from the original experimental data. When the models are validated with the processed experimental data, the deviation can be reduced to a reasonable range. A quantitative comparison of the two models shows that there is no notable difference in the prediction accuracy between the two models, which means neglecting the pressure variation during the mixing process has no effect on the model performance.

Conclusions

In this paper, two 1-D homogeneous equilibrium models of ejector expansion trancritical CO 2 heat pump cycle referred to [START_REF] Deng | Particular characteristics of transcritical CO 2 refrigeration cycle with an ejector[END_REF][START_REF] Li | Transcritical CO 2 refrigeration cycle with ejector-expansion device[END_REF] were validated and compared with two independent experimental data bases [START_REF] Zhu | Comprehensive experimental study on a transcritical CO 2 ejectorexpansion refrigeration system[END_REF][START_REF] Haberschill | Experimental study of a two-phase ejector for CO 2 transcritical refrigeration system[END_REF]. A sensitivity analysis of the efficiency of the ejector components and the compressor was performed, and a post-processing method of the experimental data was proposed in order to verify the accuracy of the 1-D models in the ideal operating condition of the system. The main findings of this paper can be summarized as follow:

(1) Both 1-D homogeneous equilibrium models demonstrate accurate predictions of the ejector outlet pressure and vapor quality, with an overall deviation of less than 15%. However, for the cycle COP and the entrainment ratio of the ejector, a large deviation (more than 50%) is found if the actual system suffers from a liquid imbalance in the separator.

(2) A quantitative comparison of the two models shows that there is no major difference in prediction accuracy between the two models, which means neglecting the pressure variation during the mixing process has no effect on the model performance. Moreover, considering the complexity of the model and the solving time of the simulation, the constant pressure mixing model is a better choice.

(3) The liquid imbalance between the inlet and outlet of separator is a significant source of the modeling deviation. After eliminating the imbalance with an experimental data post-processing method, the error of COP can be reduced to less than 15% and the error of entrainment ratio is basically eliminated (less than 5 %).

(3) Compared to the isentropic efficincies of the ejector components, the system performance is more sensitive to the efficiency of the compressor. The method of calculating the compressor efficiency is critical to the accuracy of the 1-D homogeneous equilibrium models. 
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 1 Figure 1: (a) Schematic of the ejector expansion cycle (b) Corresponding P -h diagram
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 2 Figure 2: Structure of an ejector
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 34 Figure 3: Schematic of the test bench from Zhu et al. [24]
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 5 Figure 5: Flow chart of modeling sequence for the ejector models
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 6 Figure 6: Liquid mass balance before and after the separator
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 7 Figure 7: Schematic of the hypothetical optimized system for the data post-processing. β is the liquid balance rate (Eq. 25)
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 8 Figure8: Sensitivity analysis for the ejector components and compressor efficiencies, constant pressure mixing model[START_REF] Deng | Particular characteristics of transcritical CO 2 refrigeration cycle with an ejector[END_REF] 
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 9 Figure9: Sensitivity analysis for the ejector components and compressor efficiencies, variable pressure mixing model[START_REF] Li | Transcritical CO 2 refrigeration cycle with ejector-expansion device[END_REF] 

Fig. 14 to

 14 Fig. 14 to Fig. 15 describe the deviation of the vapor quality and the pressure at the ejector outlet. Since both of the parameters remain unchanged after post-processing of the data, only the validation results after data post-processing are presented. As shown in the figures, both models are more accurate in predicting the
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 10 Figure10: Simulated COP as a function of the experimental COP for the constant pressure mixing model[START_REF] Deng | Particular characteristics of transcritical CO 2 refrigeration cycle with an ejector[END_REF] 
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 11 Figure11: Simulated COP as a function of the experimental COP for the variable pressure mixing model[START_REF] Li | Transcritical CO 2 refrigeration cycle with ejector-expansion device[END_REF] 

Figure 14 :

 14 Figure 14: Calculated vapor quality versus experimental vapor quality at the ejector outlet
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 15 Figure 15: Calculated outlet pressure versus experimental outlet pressure of the ejector
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 A2 Figure A2: Vapor quality as a function of compressor discharge pressure Tgc,o = 36 • C, Te = 5 • C, T sh = 0 • C ηm = 0.7, η d = 0.8, ηcomp = 1.003 -0.121 • (Pm/Ps)

  

  

  

  

  

  

Table 2 provides a Table 1 :

 2a1 Summary of the research studies on modeling of the pressure recovery ejector implanted in a heat pump and

			refrigeration cycle
	Author	Model	Remarks
	Jahar Sarkar [8]	1-D HEM	Second law efficiency can be improved by maximum 9 %.
	Deng et al. [9]	1-D HEM	The ejector improves the maximum COP by up to 18.6 % compared
			to the internal heat exchanger system and by 22.0 % compared to
			the conventional system.
	Ameur et al. [15]	1-D HEM	Pressure recovery took place in the mixing section and the diffuser.
			Vapor quality increases mainly at the outlet of the primary nozzle
			where the liquid is expanded to very low pressure.
	Li and Groll [17]	1-D HEM	The COP of the ejector expansion transcritical CO2 cycle can be
			improved by more than 16 % over the basic transcritical cycle for
			typical air conditioning operation conditions.
	Liu et al. [18, 22]	1-D HEM	A method of determining the efficiencies of ejector motive nozzle, suc-
			tion nozzle, and mixing section based on the measured performance
			data was developed. However, this method has not been widely used
			due to the constraints on the operation parameters.
	Banasiak and Hafiner	1-D DEM	Delayed Equilibrium Model supplied with the Homogeneous Nucle-
	[16, 20]		ation Theory for the purpose of the metastable states analysis for a
			transcritical flow with delayed flashing over the motive nozzle. The
			absolute values of the relative simulation errors for both the overall
			pressure lift (2.66 % on average) and the critical mass flow rate (1.84
			% on average) were acceptably low.

Table 2 :

 2 Experimental research studies for ejectors in the field of heat pump and refrigeration cycles

	Author	Research Domain Remarks
	Banasiak et al. [16]	Ejector design	Different ejector configurations were examined, includ-
			ing various lengths and diameters of the mixer and var-
			ious angles of divergence for the diffuser.
	Liu et al. [18, 22]	Ejector design	Empirical correlations were established to estimate ejec-
			tor component efficiencies at different ejector geometries
			and operating conditions.

Table 3 :

 3 

Range and measurement accuracy of the input parameters, data from Zhu et al.

[START_REF] Zhu | Comprehensive experimental study on a transcritical CO 2 ejectorexpansion refrigeration system[END_REF] 

Mass flow rate ( ṁm / ṁs ) Input pressures (P m /P s ) Input temperatures (T m /T s ) Range 60.0 to 109.5 / 13.3 to 65.1 kg/h 8.1 to 9.9 / 2.98 to 3.67 MPa 34.9 to 35.8 / 20.5 to 24 • C Accuracy

Table 4 :

 4 Range and measurement accuracy of the input parameters, data from Harberschill et al.[START_REF] Haberschill | Experimental study of a two-phase ejector for CO 2 transcritical refrigeration system[END_REF] 

		Mass flow rate ( ṁm / ṁs )	Input pressures (P m /P s )	Input temperatures (T m /T s )
	Range	139.7 to 185.3 / 36.4 to 62.8 kg/h 7.8 to 10.3 / 2.2 to 3.0 MPa 33.5 to 52.1 / -9.5 to 4.3 • C
	Accuracy	0.5 %	± 0.5 %	± 0.5 • C

  Haberschill et al.[START_REF] Haberschill | Experimental study of a two-phase ejector for CO 2 transcritical refrigeration system[END_REF], the average absolute deviation of the COP and entrainment ratio is 9.23 % and 2.44 % for the constant pressure mixing model. For the variable pressure mixing model, the corresponding values are 8.55 % and 2.93 %. The variance is still low, with 0.5 % for COP and 0.04 % for entrainment ratio. In general, the accuracy of the two models are quite close. The Variable pressure mixing model is more accurate in the COP prediction whereas the constant pressure mixing model has a subtle advantage in the entrainment ratio prediction.

zero/one-dimension-models. This paper compares two typical 1-D HEM models which are representative of the
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Concluded from current literature, zero/one-dimension-models based on thermodynamic equilibrium state

Results and discussion

Sensitivity analysis for input isentropic efficiencies of ejector components and compressor

The efficiencies of the ejector components depend on various factors such as the ejector geometry, the flow path design, the working fluid, as well as the pressure and temperature values. In most of the studied literature, values ranging from 0.5 to 0.95 are assumed for the individual ejector component isentropic efficiencies [START_REF] Liu | Study of ejector efficiencies in refrigeration cycles[END_REF]. To investigate the impact of these efficiencies on the overall numerical 1-D model, this section presents a sensitivity analysis of the isentropic efficiencies of the ejector components and the compressor using the reproduced 1-D models. During the sensitivity analysis, for both models the cycle operates at identical working conditions as shown in Table 5. The results of the sensitivity analysis of the constant pressure mixing model are shown in Fig. 8. The default efficiencies for the nozzle, the diffuser and the compressor are 0.8, 0.8 and 0.75 respectively. From the Fig. 8, the cycle COP increases as the efficiency of the component improves, and the correlation is nearly linear. Among the three component efficiencies, the COP is most sensitive to the efficiency of the compressor.

When the isentropic efficiency of the compressor increases from 0.3 to 0.9, the COP rises from 0.47 to 1.49.

The relative change in COP is around 200 %. For the motive nozzle and the diffuser, the two curves almost overlap, which indicates that the isentropic efficiency of the motive nozzle and the diffuser has almost the same effect on the system COP in this model. The sensitivity related to motive nozzle and the diffuser is much lower than the compressor, and the relative change in COP is nearly 36 %.

For the variable pressure mixing model, since the model considers that the suction flow also slightly expands in the nozzle, an extra efficiency is added in the analysis. Same as the model above, the variation interval of component efficiencies is between 0.3 and 0.9. The default efficiencies for the motive nozzle, suction nozzle, diffuser and compressor are 0.9, 0.9, 0.8 and 0.75 respectively. The trend of COP with the change of each component efficiency is shown in Fig. 9. From Fig. 9 we can conclude that the isentropic efficiency of the compressor has the most significant impact on the system COP and is much greater than the individual components of the ejector. Among the ejector components, system COP is more sensitive to the motive nozzle efficiency, next is the suction nozzle and the last is the isentropic efficiency of the diffuser. Specifically, when the isentropic efficiency of each component increases from 0.3 to 0.9, the corresponding relative changes in COP are 200%, 18%, 10% and 3% respectively.

From the above analysis, it is clear that the COP of the system is more sensitive to the isentropic efficiency of the compressor than that of the individual components of the ejector. Therefore, when conducting 1-D simulations of the ejector expansion cycle, it is necessary to verify the deviation of the input efficiency of the compressor to avoid the simulation failure. However, for the compressor, the approximate performance curves For the constant pressure mixing model, the entrainment ratio of the ejector rises with high-side pressure, and the trend of ejector outlet vapor quality is reversed due to the link (1 + w) • x = 1. The COP increases first then starts to decrease at certain point. The COP arrives the highest value, which means the optimum cycle performance when the entrainment ratio is between 0.5 to 0.6.

For the variable pressure mixing model, an extra evaluation parameter R is introduced, which is the ratio between the COP of ejector expansion cycle and COP of basic heat pump cycle without ejector. Different pressure drops in the suction nozzle are studied. R decreases with the entrainment ratio and increase with higher pressure drop in the suction nozzle. R increases with the high-side pressure before reaching a specific point, where continuing to increase the pressure does not improve the R value. For a particular high-side pressure, raising the entrainment ratio will improve the performance of the ejector expansion heat pump cycle.