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Abstract. Ejector is a powerful emerging thermo-compressor, which is more effective 
when used with hydrocarbon refrigerants because of its unique thermophysical properties. 
Therefore, in the present work, a steam ejector model is designed and validated with 
experimental results to evaluate its accuracy, followed by a detailed comparative study of 
hydrocarbons and synthetic refrigerants namely pentane, propane, butane, iso-butane, 
R1234-ze and R1234-yf by computational fluid dynamics and literature Review. The 
effectiveness of both classes of refrigerants is measured through entrainment ratio, critical 
backpressure, and thermophysical properties (Literature Review). Pentane was selected as 
a working fluid since it has comparatively high combination of entrainment ratio and 
critical back pressure with refrigeration compatible properties. Lastly, the optimized 
geometry was simulated by varying diameter of constant area zone, nozzle exit position 
and nozzle expansion angle through Computational Fluid dynamics. The simulation results 
provide insight into shockwaves, boundary layer separation, vortex formation of ejector 
flow. 
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1. Introduction 

 
In hot climatic regions, air conditioning systems are 

the primary source of electricity consumption. It has 
been reported that in Abu Dhabi, 70% of electricity 
consumption is due to air conditioning [1]. Modern 
cooling systems use high global warming potential 
refrigerants (GWP), which increases carbon footprints 
[2]. This research work aimed to develop an ejector with 
fewer carbon footprints according to the United Nations 
Sustainable Development goals and the Paris Agreement. 

Hydrocarbon Ejectors have a broad scope for 
refrigeration in hot climatic countries [3]. It is due to its 
unique thermophysical properties and low GWP [4]. 
Ejectors are thermo-compressors that use high-pressure 
primary motive flow to induce a low-pressure secondary 
stream, which is then subjected to mixing, followed by a 
pressure rise at the outlet of the diffuser. It consists of 
four components: primary nozzle, mixing chamber, 
Constant Area Zone or Throat, and Subsonic diffuser, as 
illustrated in Fig. 1. The nozzle expands the high-
pressure primary stream, which creates a vacuum at the 
nozzle's outlet and entrains the low-pressure secondary 
stream. Then comes the mixing chamber, whose efficient 
design and orientation reduce momentum and pressure 
losses while mixing two fluids. The combined stream 
undergoes a pressure rise inside the constant area zone, 
whose improper design may lead to boundary layer 
separation [5]. A diffuser is used to create a compression 
effect. This economical compression effect is the reason 
for the argument for replacing ejectors with power-
consuming compressors. There are two main parameters 
on which the performance of the ejector depends 
entrainment ratio (ω) given by (1) and critical 
backpressure (diffuser outlet pressure) [6].   

 
 ω =ms/mp                    (1) 

 
The coefficient of performance (COP) reflects the 

energy efficiency of the refrigeration cooling system. 
COP of the ejector-based refrigeration cycle is directly 
proportional to the entrainment ratio of an ejector. 
Hence a high-value entrainment ratio ensures a high 
value of COP. The ability of hydrocarbon ejectors to use 
low-grade thermal energy [6], no use of any active part 
(reduce risk of cavitation) makes refrigeration economical. 
However still, compressors are dominant because of the 
low COP values of ejector-driven cycles. Low COPs are 
because of the poor design of ejectors, operating 
conditions, and less efficient refrigerants. Many 
researchers worked on improving ejector design. [7] 
performed a computational study on the mixing process 
in a steam ejector using different nozzle structures. [8] 
and [9] performed parametric studies, including the axial 
nozzle position to achieve the highest entrainment ratio. 
[10] and [11] investigated the influence of different 
configurations of the primary nozzle on ejector 
performance with fixed geometry for other parts of the 
ejector. [12] and [13] investigated the influence of the 
area ratio between the constant area section and the 
primary nozzle throat and the length of the constant area 
section. [14] performed numerical simulations to 
optimize the geometry of the mixing chamber by 
investigating the effect of the angle of convergence and 
the diameter of the mixing chamber [15] considered that 
traditional single-stage ejector-divergent have complex 
flow conditions such as shock waves, vortexes, shear 
layers. [14] thought the boundary layer separation hurts 
the ejector performance and efficiency, as it reduced the 
entrainment ratio and may lead an external fluid from the 
condenser to flow back into the ejector. [7] studied the 
flow irreversibility of R744 ejector by the entropy 
increase based on CFD simulation. Nutthanun et al. 
evaluated the theoretical and practical performance of a 
hybrid compressor and ejector refrigeration system for 
vehicle air conditioning applications [16]. The suggested 
mathematical modelling incorporated the 1-dimensional 
ejector analysis with the thermodynamic analysis of the 
hybrid compressor and ejector refrigeration system. 
Utilizing a 24 factorial experimental design, the CFD 
model was created using the governing equations to 
explore the influence of crude oil parameters on the 
transport profile [17]. A high level of agreement between 
the developed numerical model and commercial software 
implies that the suggested numerical scheme is 
appropriate for modelling the transport profile of crude 
oil through a pipeline and forecasting the phenomena 
influencing conditions [18]. CFD analysis was applied in 
several investigations for various scenarios including fluid 
flows, nano fluid characteristics, and crude oil 
characteristics [19-21]. 

 

Nomenclature & Abbreviation 
 
m ODP Ozone Layer Depletion Layer 
n GWP Global Warming Potential 
o COP Co-efficient of Performance 
p Nxp Nozzle Exit Position 

q  𝜃 Angles 

r ω Entrainment Ratio 
s D Channel Diameter(m) 
t L Channel Length(m) 
u ms Mass of Secondary Stream 
v mp Mass of Primary Stream 

Subscripts 
 
c diffuser or related 
d mixing area related (CAS or CAC) 
e entrained flow related 
w motive flow related 
x motive nozzle exit 
t              motive nozzle of constant area zone or throat 
crit critical state 

sat saturated state 
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Fig. 1. Illustration of Different Parts of Ejector [22]. 

 
Numerous research in recent years have produced 

many solutions for dealing with various challenges in 
various contexts. Ping et al. used CFD to evaluate the 
effect of temperature phase shift on a two-phase ejector. 
In this work, the transient behavior of a two-phase 
ejector is simulated in order to determine the ideal 
operating parameters for greater ejector performance [23]. 
Saleh et al. used CFD to build high-performance 
hydrocarbon ejectors for cooling in hot climatic locations. 
The NIST real gas model is used to accurately forecast 
ejector performance by including the thermophysical 
parameters of actual refrigerants [24]. Mustafa et al. 
constructed a steam ejector utilizing finite volume 
methods, and the Mach number and pressure in a 
constant cross-section were compared to analytical data 
from the literature. In their work, they used ANSYS 
Fluent to execute numerical computations, and in the 
turbulent flow, they used energy equations to perform 
heat transfer-based studies [25]. The CFD model was 
validated using a steam ejector refrigeration system by Yu 
Han et al., and the GCI approach was given for assessing 
grid density [26]. Jakub et al. offered the most extensively 
used devolatilization, gas-phase, and surface reaction 
models. They concluded that the heterogeneous and 
Water-gas-shift reactions had the biggest influence on 
overall gasification performance and gas-phase modeling, 
respectively [27]. As a result, high precision necessitates 
the use of a calibration process or sophisticated models. 
Parallelly, Ruiqing et al. addressed many studies that were 
systematically grouped to describe their applications of 
CFD in the research fields of fires, explosions, and 
hazardous discharge dispersions [28]. Using data from 
CFD simulations, a quasi-one-dimensional (1D) 
mathematical model connected with a water ejector is 
provided by victor et al. They devised a mathematical 
model to determine the friction loss coefficients of the 
ejector components, forecast their maximum efficiency 
point, and define their operating environment [29]. Yafei 
et al. developed a unique non-equilibrium CFD model to 
simulate flashing in a CO2 ejector while taking 
evaporation and cavitation effects into account [30]. 
 

2. Methodology 
 
This section details the governing equations used in 

the study, model description, CFD based ejector design, 
Geometrical, Physical, & Mesh models, Boundary 
conditions, and Optimization. 
 
 

2.1. Governing Equations 
 

Since flow inside the ejector is steady, compressible, 
and turbulent [31], fluid flow Eq. (2)-(5) below are used. 

 
Continuity: 

                                    
𝐷𝜌

𝐷𝑡
= 𝜌𝑑𝑖𝑣                   (2) 

 
Momentum: 

𝜌
𝐷𝑢

𝐷𝑡
= 𝜌𝑔 − ∇𝑝 + ∇𝜏𝑖𝑗               (3) 

 
Energy: 

𝜌
𝐷ℎ

𝐷𝑡
=

𝐷𝑝

𝐷𝑡
+ 𝑑𝑖𝑣(𝑘∇𝑇) + 𝜏𝑖𝑗

∂𝑢𝑖

∂𝑥𝑗
         (4) 

 

where the term 𝝉𝒊𝒋 can be written as: 

 

𝜏𝑖𝑗 = 𝜇 (
∂𝑢𝑖

∂𝑥𝑗
+

∂𝑢𝑗

∂𝑥𝑖
−

2

3
𝐼div 𝑢)    (5) 

 

where 𝑰 is the identity matrix. 
 
2.2. Model Description 

 
Using a converging-diverging nozzle, primary high-

pressure flow from the generator is converted into a jet 
of the low-pressure stream with high momentum. This 
low-pressure stream entrains the secondary stream, 
which is subjected to mixing and following it a series of 
normal shock waves [32] and [33], which results in 
pressure rise. The lift in the diffuser outlet may increase 
static pressure by compression [34]. 
 
2.3. CFD Based Ejector Design 

 
Computational fluid dynamics analysis divides the 

flow domain into a finite set of control volumes. Each 
control volume has an integral equation which is 
converted into an algebraic equation. Then each algebraic 
equation is solved using a numerical method with either a 
segregated or coupled algorithm [35]. Figure 2 shows the 
basic parameters and symbols related to the dimensions 
of the ejector.  
 

 
 
Fig. 2. Basic Ejector's Diagram. 
 
2.4. Geometrical Model 

 
To visualize, analyze, and predict fluid flows, certain 

assumptions are used to analyses hydrocarbon ejectors. 
Model is designed and tested in ANSYS fluent 20. 
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Geometry is taken from reference [22] and designed in a 
design modeler of Ansys fluent. In [36], 2D and 3D 
models were analyzed using computational fluid 
dynamics, an advanced computer-based numerical 
technique, and it was recommended that due to minor 
variation in results, 2D planar would be a better choice. 
Similarly, a 2D axisymmetric and planar model were also 
numerically tested. The variation in results was negligible; 
hence we selected a 2D axisymmetric model, as shown in 
Fig. 3, which will ease mesh generation and reduce 
computational time. The use of an axisymmetric solver 
indicates the absence of circumferential gradients. Table 
1 shows the ejector's dimensions. The materialistic 
properties of different refrigerants for computation are 
given in Table 2. 
 
Table 1. Geometric parameters. 
 

 
 

 
 
Fig. 3. Selected geometry. 

 
Table 2. Materialistic properties of different refrigerants. 

 

Refrigerants 
Specific 

Heat 
(J/kg-k) 

Thermal 
Conductivity 

(w/m-k) 

Viscosity 
(kg/m-s) 

Molecular 
Weight 

(kg/k-mol) 

pentane 2436 0.0144 7.20E-06 72.15139 

propane 1549 0.0177 7.95E-06 44.09 

butane 2620 0.0159 7.00E-06 58.1243 

Iso-butane 1632.8 0.0137 6.86E-06 58.1243 

R1234 ze 975.8 0.0136 1.22E-05 114.0416 

R1234 yf 813.8 0.00928 9.01E-06 114.0416 

 
2.5. Physical Model 
 

It was seen that the real gas model was giving results 
similar to the ideal gas model with a longer convergence 
time; hence the ideal gas model is selected in the present 
research [5]. For the selection of turbulence model, 
simulation is performed using three different models: K-
Omega SST, standard k epsilon, and realizable k epsilon 
(with standard wall function), as shown in Fig. 4. It is 
found that K-Omega SST gives the slightest deviation of 

3.86 % along with the reasonable prediction of shear 
flow, far wakes, and mixing layers in ejectors flow. So, K-
Omega SST is used in this paper. Pressure coupled solver 
is used in this case, as it is for compressible flows having 
a high Reynolds number. Flow courant number of 100 is 
kept in most trials, and relaxation factors of momentum, 
energy, specific dissipation, turbulent kinetic energy are 
0.3,0.5,0.3,0.3 respectively.  Pressure inlets and outlets are 
kept as boundary conditions. Turbulent viscosity ratio 
and turbulent kinetic energy are kept 10,1 respectively. A 
second-order discretization scheme is set to discretize all 
terms. Convergence tolerance of 1*10-6 is set for all 
terms, along with monitor plots of mass imbalance and 
entrainment ratio. 
 

 
 
Fig. 4. Comparison of different models. 

 
2.6. Boundary Conditions 
 

Dependent variables are specified on the boundaries 
of the flow domain, which provides a unique solution for 
a given model.  Ejector components include a 
combination of the nozzle, suction chamber body, 
constant area section, including diffuser. The 
compressible flow, in our case, is saturated flow at all 
boundaries. Table 3 enlists boundary conditions for all 
simulations performed. 
 
 Table 3. Boundary conditions. 
 

Variable Range 

Inlet Primary Pressure 270000 PASCAL 
 Inlet Secondary Pressure 1200 PASCAL 

 Outlet Pressure 3000-7500 PASCAL 

 
2.7. Mesh Model 

 
An axisymmetric 2D ejector model is meshed using 

quadrilateral elements. It provides higher orthogonal 
quality and lowers skewness with fewer cells, leading 
iteration to reduce convergence tolerance with a more 
reliable solution, as opposed to triangular mesh. A face 
sizing function of 0.28 mm is used on nozzle and 
ejectors throat to resolve steep gradients, whereas 1mm 

Cross-Section Lengths Angles 

Paramet
ers 

Value
(mm) 

Paramet
ers 

Value(
mm) 

Param
eters 

Value
(°) 

𝐷𝑚 10 𝐿𝑛 155 𝜃𝑡 2 

𝐷𝑡 3.3 𝐿𝑑 75 𝜃𝑛 5 

𝐷𝑛 13.6 𝐿𝑐 210 𝜃𝑒 4 

𝐷𝑒 106   𝜃𝑐 2 

𝐷𝑑 25.4   𝜃𝑑 0.2 
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size cells are used on inlet secondary and diffuser outlet. 
Then whole geometry is face meshed to reduce skewness. 
A y plus of 1.5, which is close to 1, is maintained near-
wall through adaptive meshing in fluent. Since K-Omega 
SST uses near-wall refined mesh treatment instead of 
wall function approach. Total mesh elements and quality 
is shown in Table 4. Figures 5 (a) and (b), shown below, 
depict the mesh domain described above. The solution is 
discretized on a grid density of 76334 elements, as shown 
in Fig. 6. 
 

 
 
Fig. 5. (a) Optimal grid. 

 

 
 
Fig. 5. (b) Near wall. 
 
Table 4. Mesh matric. 
 

       Matric Value 

Orthogonal quality 0.99398 
        Skewness 0.0384 
        Aspect ratio 1.6203 
        Elements 76334 

 
2.8. Optimization 

 
Since entrainment ratio and critical back pressure are 

governing parameters in ejector analysis, a comparative 
study is conducted between refrigerants based on these 
two parameters, and the refrigerant found with the better 
combination is given preference. 
 

3. Results and Discussion 
 
3.1. Grid Sensitivity Analysis 

 
Next, to find the dependency of entrainment ratio 

on grid density and find the optimum grid for the model, 
we carried out a grid sensitivity analysis. 

 
 
Fig. 6. Grid sensitivity analysis. 
 

From the above Fig. 6, it can be seen that after 
76336 elements, the variation in entrainment ratio is less 
than 3%, which is not a significant deviation; hence it is 
the optimum grid for the developed model. 

 
3.2. Model Validation 

 
Until now, we have discussed selection and reasons 

for selecting the model and optimal grid size. Now we 
verify its accuracy by comparing it with experimental 
results of [22]. All experimental results were generated at 
their critical mode. Figure 7 shows that the model slightly 
over-predicts the static pressure at the Constant Area 
Zone of the ejector using the ideal gas assumption. 
Secondly, the use of improper sealing of equipment in 
the experimental investigation may also cause this error. 
However, the overall simulated results seem to fit over 
experimental ones with a percentage deviation of 3.82%, 
which is acceptable. Figure 8 shows the temperature 
contour of the validated model, where steep temperature 
gradients are predicted at the diffuser's outlet, indicating 
the compression effect at the condenser's inlet stream. 

 

 
 

Fig. 7. Validation graph. 
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Fig. 8. Temperature contours. 
 

3.3. Optimization 
 
3.3.1. Selection of refrigerant 

 
From an industrial point of view, synthetic 

refrigerants have maintained a high coefficient of 
performance (COP) in refrigeration cycles. Still, from the 
environmental sustainability point of view, it has led to 
increased global warming potential (GWP) and high 
ozone layer depletion potential (ODP), which increases 
heat content in the atmosphere and reduces ozone layer 
thickness due to the presence of chlorine. Therefore, the 
idea of the revival of hydrocarbon refrigerant has been 
growing. On the other hand, hydrocarbon refrigerants 
are environmentally friendly due to low GWP, low ODP, 
and in addition to that, they are cheap. [12] did a 
comparative study between synthetic and hydrocarbon 
refrigerant and proved that the two hydrocarbons, 
namely pentane and propane, have refrigeration 
favorable properties like lower operating pressure, higher 
volumetric capacity, lower kinematic viscosity, lower 
surface tension, and lower liquid-vapor density ratio in 
comparison R123Yf, r1234ze at both low and high 
saturation temperatures. ASHRAE has rated 
hydrocarbons like isobutane in the "A" category, which is 
less toxic. However, due to its higher flammability, one 
should handle it safely, or in other words, strict SOPS 
should be followed when using it. So, we have seen that 
from a sustainability point of view, hydrocarbons are 
more environmentally friendly. The only thing left is to 
compare both the classes from the entrainment ratio and 
critical backpressure. Therefore, we simulated both. In 
Fig. 9 shown below, 270000 pressures at inlet primary 
and 1200 pressure at inlet secondary are held constant 
while backpressure is varied up to 7500 pascals. It can be 
seen that propane has the highest entrainment ratio while 
pentane has the lowest but has higher critical 
backpressure. In addition, that pentane is a positive slope 
refrigerant which means it is not condensation prone and 
much safer to operate. Therefore, we select pentane for 
geometric study. 

 
 
Fig. 9. Graph Of Different Fluids for Entrainment. 
 

Figure 10 shows a plot between static pressure and 
axial distance. From the graph, propane's maximum 
entrainment ratio is justified by its low suction pressure 
at the nozzle's outlet. Even though R1234yf, isobutane, 
butane has the lowest suction pressure, their entrainment 
ratio is lower than propane, which means the jet released 
from the nozzle outlet is overexpanded, decreasing the 
effective effectiveness area of the constant area zone 
hence allowing less entrain vapor to pass. 
 

 
 
Fig. 10. Graph Of different fluids for static pressure. 

 
Figures 11 and 12 compare the contour plots of 

pentane and propane. It can be seen in Fig. 12 that the 
low velocity of the primary fluid at the nozzle outlet 
causes less momentum transfer between secondary fluid, 
which leads to less momentum and pressure loss hence 
producing the most critical back pressure at the diffuser 
outlet. This justifies higher critical back pressure of 
pentane in comparison to the low value of propane Fig. 
11. 
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Fig. 11. Propane contour. 
 

 
 
Fig. 12. Pentane contours. 

 
3.4. Geometric Analysis 
 

When altering geometry, boundary layer separation 
was found to impact the entrainment ratio negatively, as 
studied by [37]. Therefore, we need to find the optimal 
size of Nxp, the diameter of the constant area zone, 
expansion angle at which there is no boundary layer 
separation, and choke flow is maintained. Pentane is used 
as a working fluid. 

 
3.4.1. Varying diameter of constant area zone 
 

In Fig. 13, we analyze the effect of varying Diameter 
of Constant Area Zone on entrainment ratio, the 
diameter sizes of 25,30,40,49,55,65 mm are selected. A 
numerical analysis was performed on each size, and it 
was found that the entrainment ratio values are low for 
smaller values of diameter sizes. This is because the 
narrow flow passage causes the increase in velocity 
gradient between the wall and the mixed fluid, which 

results in vortex formation and leads to detachment of 
the boundary layer. The detachment of the boundary 
layer causes a reduction in the effective area of the 
constant area zone and decreases the entrainment ratio, 
as shown in Fig. 14. Further decrease in diameter size 
may lead to vortex enlargement and further decrement in 
entrainment ratio. 

On the other hand, increasing diameter to 40 mm 
causes a reduction in vortexes enlargement; hence 
entrainment ratio increases. At the diameter size of 40 
mm in Fig. 14, the entrainment ratio is maximum; 
therefore, it is the optimal diameter of the constant area 
zone. On further increasing of diameter, the entrainment 
ratio again starts to decrease; this is because the mixed 
fluid near the wall too weak to move is overtaken by 
inverse pressure gradient produced by backpressure, 
resulting in the formation of vortexes, which is 
represented in Fig. 14. 

 

 
 
Fig. 13. Diameter Of Constant Area Zone vs. 
Entrainment Ratio. 
 

 
 

Fig. 14. Vortex formation at 24 mm, 40 mm, and 56mm. 
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Figure 14 shows vortex formation at different 

diameters of Constant Area Zone, 24mm, 40mm, and 
56mm, respectively. 
 
3.4.2. Varying Nxp 
 
The nozzle position is varied inside the ejector to predict 
the nozzle exit position (Nxp) effect on the entrainment 
ratio. Therefore, simulation is performed on nozzles exit 
position of -60, -50, -30, -10, 10, 100 mm, shown in Fig. 
15. it was seen that on smaller Nxps, the mixed fluid 
stream comes into contact with the wall, and this, 
together with an inverse pressure gradient, leads to the 
production of vortexes, which is a cause of boundary 
layer separation shown in Fig. 16. Hence entrainment 
ratio decreases. However, till the Nxps value of -50 mm, 
the entrainment ratio increases. There is no boundary 
layer separation at Nxp value 0f -50mm, so it has a 
maximum entrainment ratio. Therefore we declare it as 
optimal Nxp value Fig. 17. As the Nxp value increases 
beyond the optimal value, the effective area starts to 
decrease. The vortex enlargement increases at diffusers 
outlet, leading to boundary layer separation and 
reduction in entrainment ratio Fig. 18. 

Figure 16 shows vortex formation at different Nxps 
of -60mm, -50 mm, and 100 mm, respectively. 
 
3.4.3. Varying Expansion Angle 

 
From Fig. 17, there is no such significant impact of 
varying nozzles expansion angle on entrainment ratio. 
Still, it can be seen from Fig. 18 that is at an expansion 
angle value below 4° may cause the primary jet from the 
nozzle to get weaken; hence the low value of entrainment 
ratio is witnessed. However, at the expansion angle of 6°, 
there is strong shockwaves generation from the mixing 
chamber to the constant area zone, which is the reason 
for the high entrainment ratio, as shown in Fig. 18. 
Hence it is our optimal expansion angle; beyond that 
point, the variation in expansion angle is not significant 
to be neglected. The streamline flow shown below 
indicates that when optimum expansion angle is 
maintained, then despite adverse pressure gradient, the 
choke flow is dominant.  
 

 
 
Fig. 15. Nxp vs. Entrainment Ratio. 

 
 

 
 
Fig. 16. Vortex Formation At -60 mm, -50 mm and 
100mm. 

 

 
 
Fig. 17. Expansion Angle vs. Entrainment Ratio. 

 
Figure 18 shows vortex formation at different nozzle 

expansion angles of 2°and 6°, respectively. 
 

 
 
Fig. 18. Vortex Formation at 2° and 6°. 
 

4. Conclusions 
 
In this research work, the study is conducted on the 

merits and demerits of using synthetic and hydrocarbon 
refrigerant and the criterion for refrigeration selection 
using literature and computational fluid dynamics. 
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Furthermore, a parametric study was performed by 
varying design parameters such as ejector's Nxp, the 
diameter of constant area zone, and expansion angle to 
see the effect on entrainment ratio. Moreover, we 
noticed an optimum value of each design parameter, 
after which the entrainment ratio goes to a declining 
trend. Following are some conclusions that are drawn 
from this study:  
• Synthetic refrigerants are not only expensive but 
also become the reason for high global warming potential. 
The CFD results of this work show that pentane 
outperformed synthetic refrigerants as per their lower 
entrainment ratio and critical backpressure. Also, pentane 
and other hydrocarbons are relatively cheaper than 
synthetic refrigerants. 
• Lesser diameter of constant area zone causes a 
reduction in the effective area, while the larger diameter 
of constant area zone may lead to the weakening of 
shockwaves which causes back pressure propagation and 
hence reduction in entrainment ratio. 
• The ideal flow pattern can be achieved with even 
lesser energy loss by obtaining the sustainable low GWP 
refrigerant and a decent combination of entrainment and 
critical back pressure and optimal geometry. 
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