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Theoretical and experimental investigations
of different area ratios of a supersonic ejector
driven by compressed air
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Abstract
Ejectors have some advantages such as being simple, reliable and no moving parts. They can be used in
air-conditioning and refrigeration applications. This paper presents a comparison of ejector performance,
primary pressure (Pp), back pressure (Pb) and area ratios of ejectors (A2/At) predictions by an analytical
model and a computational fluid dynamics model for different operating conditions. Six different area ratios
of ejector using air as working fluid in this study were proposed and tested experimentally. The variable area
ratios of ejectors (A2/At) were used with a range from 10.68 to 30.62. Two sets of ejectors (A and C) are
studied and examined depend on the kind of nozzle. The aim of this study was to investigate these ejectors
under variation of primary pressure (Pp) (1.5–6.0 bar) and adjustable spindle position (0 to −25 mm). Two
groups of ejectors (A and C) were categorized based on the type of nozzle. The experimental results validate
the solutions of the main parameters of ejectors using air as working fluid. The results show that group A is
more appropriate for higher values of back pressure, while group C is more suitable for high performance of
the ejector. Finally, the main parameters were carried out on six different ejectors to find the best combination
based on various nozzles and constant area sections.
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1 INTRODUCTION
Ejectors have been used in cooling systems since the 1900s [1].
They were not preferred in refrigeration systems because of their
low coefficient of performance (COP). However, ejectors have
some advantages such as being simple, reliable, with no moving
parts. Moreover, several heat sources using these devices. For
instance, waste heat, solar energy, geothermal energy and biomass
products applied to drive a refrigeration system or to generate
electricity. Furthermore, they reduce pollution in comparison
with fossil fuel power plants. Many studies have presented various
types of working fluids in ejectors. Varga et al. [2] and Chandra
and Ahmed [3] studied water as a working fluid. R236fa, R152a
and R600a were studied by Varga et al. [4], Zhang et al. [5] and
Zhang et al. [6]. In addition, R245fa and R134a were tested by
Lin et al. [7], Yen et al. [8], Lin et al. [9] and Hou et al. [10].
Moreover, two empirical correlations were derived to predict

the performance of 15 ejectors using R141a [11]. Furthermore,
Kumar et al. [12], Hemidi et al. [13, 14] and Mazzelli et al. [15]
have used air in a supersonic ejector.

Many studies have been presented to study the ejector’s
parameters in terms of geometry, operating condition, effects
of Pb and spindle positions on the entrainment ratio (ω).
The geometry of the ejector has a significant influence on the
performance of the ejector. Many studies have studied this
factor to obtain a good geometry with high performance. Zhang
et al. [5] investigated numerically and proved experimentally
the effects of ejector geometry such as nozzle outlet angle, the
distance between nozzle exit to the mixing chamber and the
length of the diffuser section on the flow features and ω. The
constant rate of momentum change was initially proposed by
Eames [16] and developed by incorporating friction effects by
Kumar et al. [12]. Varga et al. [2] discussed a variable geometry
ejector experimentally and numerically in a 5 kW ejector air-
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conditioning system driven by solar energy. The results showed
primary flow rate was in good agreement between computational
fluid dynamics (CFD) and experiment under all operating
conditions and spindle positions. Furthermore, the constant-area
and variable-area ejectors were compared in terms of CFD and
experiments at the same operating conditions. These two types of
ejectors were tested in a steam jet refrigeration system. The results
show that the variable area ejector increases the pressure lift ratio
up to 40% by eliminating a shock wave from the ejector. The COP
for variable area ejector fluctuates because the secondary flow
does not attain sonic conditions [3].

The geometry effects have been mentioned above; Chandra
and Ahmed [3] studied the effects of the operating conditions on
ω, where ω decreases when generator temperature (T) increases
from 90 to 120◦C. Moreover, when the evaporator temperature
increases at the same generator temperature, ω decreases. Hou
et al. [10] used an adjustable ejector in a parallel hybrid ejector-
based refrigerator–freezer cooling cycle, the authors showed that
under Pp = 243.34 kpa, secondary pressure (Ps) = 84.38 kpa
and Pb = 97.03 kpa, The Pb has an important influence on the
performance of the ejector, ω decreases from 1.79 to 0 0.86 when
the blocking percentage is 10%. The authors investigated the effect
of pressure recovery ratio (PRR) in the refrigeration system, as the
PRR increases and the blocking area in adjustable ejector increases
to 40% (spindle moves forward), the ω has the highest value (over
2.5) but it is difficult to maintain this value and it sharply tends
to zero [7]. Several studies concluded that as the spindle position
moves towards the nozzle, the ω decreases, [6, 10]. Furthermore,
an adjustable ejector was investigated to meet variable cooling
loads in an ejector in the multi-evaporator refrigeration system,
so, by adjusting the spindle position it is possible to control the
primary flow rate and consequently obtain good stability in the
system [7].

CFD analytical studies with different procedures have been
applied to show a good agreement with experimental tests on
various types of ejectors. As for turbulence models, standard
k–ε model, renormalization-group k–ε model and k–ω–sst
model were used in an adjustable ejector [9]. Seven turbulence
models in Reynolds Averaged Navier–Stokes have been studied
to find the best agreement with experimental studies. The results
showed that the k–ω–sst has the best agreement amongst models
with the experimental measurements concerning both global
and local flow quantities [17]. To solve the coupled pressure
and velocity (V) equations, the SIMPLEC algorithm was used by
Lin et al. [9]. A comparison between experimental and theoretical
(CFD) results was presented on a supersonic air ejector. For off-
design predictions, two turbulence models (k–ε and k–ω–sst)
were used to compare their results with experiments. k–ε showed
a good agreement with the experimental result as compared with
less agreement being obtained from k–ω–sst. These two models
showed an issue through no matching results related to the ω

under a range of operating conditions [13]. The same authors
presented the CFD of a wide range of operations of a supersonic
air ejector to investigate an issue in the previous study. The
findings showed that a good result for the entrainment ratio does

Table 1. Isentropic efficiencies.

Loss coefficient Value References

Nozzle throat (ηn) 0.95 [20],
Nozzle exit (ηpy) 0.88 [21]
Mixing chamber (ηs) 0.85 [22]
Mixing section (ηm) 0.80 ([23])
Diffuser section (ηd) 0.95 [20], [21]

not mean a clear matching with local flow properties. For this
point, both the sonic line and Mach number (M) were proposed
as a key factor to explain the relationship between entrainment
ratio and local flow properties. Finally, this key helps to assign the
place of the critical section where the ejector become choked [14].
However, there is no base to assign the best agreement amongst
the turbulence models for the ejector design.

The literature review above indicates that there are many stud-
ies on the ejectors theoretically and experimentally. However, few
studies have been conducted by changing the primary nozzle
cross-sectional area with an adjustable spindle. The aim of this
paper is to investigate six different types of ejectors under varia-
tion of adjustable spindle position, primary and back pressures.
According to the nozzle and constant-area section, two nozzles
and three different constant-area sections were carried out in this
study. In the present study, the working fluid is air to test six dif-
ferent ejectors. Furthermore, adjustable spindle position ranged
between 0 (fully closed) when the spindle head is positioned at the
outlet of the primary nozzle, and − 25 mm (fully open to change
mass flow rate in inlet primary).

2 ANALYTICAL MODELLING
In ejector studies, many researchers presented a model in terms
of one dimension. Keenan et al. [18] presented the first model of
1D ejector analysis (one-dimensional), and model modified by
Eames et al. [19]. In the present study, air as a working fluid
behaves as a perfect gas and the figure shows the flow chart of
the processes used. Table 1 shows the isentropic efficiencies used
in this model based on previous studies. Several assumptions are
included in this analytical model:

• The primary and secondary flows are expanded from stagna-
tion conditions.

• Steady state and adiabatic conditions are applied [13].
• The governing equations (quantity, momentum and energy)

are applied from inlet to outlet [24].
• Neglect primary and secondary velocities in stagnation condi-

tions.
As mentioned above, the isentropic efficiencies are shown in

Table 1. The procedures for the calculation of the flow chart of the
1D model used in this study is shown in Figure 1. Furthermore,
the operating conditions were applied in this investigation as
follows: Pp (1.5–6.0 bar), Pb (0.5–0.8 bar) and secondary pressure
(Ps) (0.1–0.37 bar), as well as the ambient temperature (300 K),
for all types of ejectors.

International Journal of Low-Carbon Technologies 2019, 14, 550–560 551

D
ow

nloaded from
 https://academ

ic.oup.com
/ijlct/article-abstract/14/4/550/5586872 by guest on 02 D

ecem
ber 2019



A. AL-nuaimi et al.

Figure 1. Calculation of flow chart of 1-D model.

3 CFD MODELLING
A computational study to test six types of ejectors was carried out
using Fluent 18.1. A control volume using discretization method
was used to solve by the Navier-–Stokes equations. While, 2D axis-
symmetric system was applied to solve the computational domain.
The axisymmetric system is applied to the models of the six types

of ejector in a 2D domain as shown in Figure 2. The geometries
of the ejectors are specified in Figure 5, Table 3 and Table 4. The
grids of ejector models are included in Table 2 for all types of
ejectors. It is obvious that the concentrated grids are found in
the main important regions showing high changes in flow. For
links between pressure and velocity, a semi-implicit procedure for
pressure-linked equations (SIMPLE) algorithm was used to solve
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Figure 2. Grid structure of the ejector model.

Table 2. Number of mesh cells.

Type Number of mesh cells Type Number of mesh cells

AA 18070 CA 20504
AB 16659 CB 19351
AC 17955 CC 20436

the discretized equations for air as compressible flow. A second-
order upwind scheme for interpolation employing a mesh ranging
from coarser to finer and selected mesh is shown in Table 2 with
structured quadrilateral mesh cells was carried out.

In this study, k–ω was the turbulence model selected to obtain
more accurate results and good agreement with findings from
analytical and experimental approaches. The turbulence intensity

and viscosity ratio were taken as 5% and 10, respectively. More-
over, the time option was set in steady. The boundary condi-
tions of ejectors in terms of primary and secondary inlets were
specified as ‘pressure inlet’, and the ‘pressure outlet’ was applied
for the discharge. The working fluid in the CFD modelling is
air. Its density is assumed as ideal gas behaviour. Other ther-
modynamic properties such as specific heat, thermal conductiv-
ity, viscosity and molecular weight are obtained from the EES
software.

The result is obtained when the iterations continued until the
residual for governing equation arrives below 10−5 to confirm that
convergence is reached. It is found that the residual for continuity
equation is below 10−5 while the residuals for other equations
such as the energy equation, the momentum equation and the
turbulent kinetic energy are below 10−7.

4 EXPERIMENTAL INVESTIGATIONS
4.1 Description of the test rig
A schematic of the ejector diagram is shown in Figure 3. The
working principle and operating procedure of the system is
described below:

• The rig consists of two main components (compressor and
ejector) connected by copper and nylon pipes as well as joints
such as valves, flow meters, filter, oil level and other measure-
ments devices.

Figure 3. A simple circuit diagram of the ejector cycle.
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Figure 4. Experimental setup of the rig.

• Figure 3 shows a simple circuit diagram of the ejector cycle. Air
is compressed from an air supply source in the lab to the main
line before the relief valve.

• In this cycle, the air is supplied to a nozzle in the ejector at high
pressure (Pp) to expand to the pressure of the surroundings,
this will release the air flow from the low-pressure side (suction
pressure).

• Both streams are mixed and recompressed to the exhaust line
to the atmospheric environment. Figure 4 shows the experi-
mental setup of the rig.

Several instrumentations and sensors were installed in this
rig to measure temperature, pressure and flow rates in primary,
secondary and discharge ports. The pressure transmitter PT5-
30 M (pressure range: 0–30 bar) and PT5-7 M (pressure range:
−0.08–7 bar) with an accuracy of 1% were used to measure
inlet and outlet pressures. Temperatures were measured with a
K-type thermocouple (model RS No. 397-1488) with an accuracy
of ±1.5◦C and range 0–1100◦C. Furthermore, flow meters (model
RMC) with an accuracy of 2% were installed to read the flow rates
in the inlets and outlet.

In the present study, six fixed different variable area ratios of
ejector were used to validate analytical and CFD results experi-

mentally. Variable area ratios of ejectors (A2/At) and their parts
are shown in Figure 5.

This figure represents the main parts of the ejector such as a
nozzle, three types of constant-area sections (including discharge)
and an adjustable spindle of the primary inlet that ranges from 0
(fully closed) to −25 mm (fully open). Moreover, it shows two
separate internal sets of nozzles (A), and (C) with an adjustable
spindle that allows varying of the primary mass flow. The motive,
suction and discharge connections are 1’ ASME B16.5 150 lb WN
flanges and for easy changing of constant-area sections. These
parts are designed and fabricated to use in the experimental tests.
The six ejectors of the experimental test were manufactured by
Venturi Jet Pumps Ltd. (Stoke on Trent, UK).

The two types of nozzles (A) and (C) were designed and man-
ufactured for the testing. Specifications of the nozzles are detailed
in Table 3. The three types of constant-area sections are listed in
Table 4. Six different area ratios (A2/At) of ejectors are tested in
this experiment and they range from 10.68 to 30.62. For simplicity,
the ejector AB refers to the ejector that includes the type of nozzle
A and type of constant-area section B.

4.2 Test procedure
Experimental tests were carried out under a range of Pp from 1.5
to 6.0 bar and ambient temperature. Through the individual test
of ejectors, monitoring was carried out by matching the pressure
gauge of primary and value from data taker (D80) under small
increments in Pp (0.5 bar each step). Logging was carried out over
data received from D80 for inlet secondary and outlet discharge
(back) pressures under each Pp point. In addition, flow rates for
all inlets and outlet were measured manually by a flow meter
device (flow meter RMC). In this work, ω and area ratio Ar are
the main dimensionless parameters used. These parameters can
be expressed by the following equations:

Equation 1: Entrainment ratio of the ejector.

ω = ṁs

ṁp
,

where
• ṁp = mass flow rate of inlet primary (kg/s)
• ṁs = mass flow rate of inlet secondary (kg/s).

Equation 2: Area ratio of the ejector.

Ar = A2

Aτ

,

where
• A2 = constant-area section (m2)
• At = throat nozzle area (m2).

The ejector operates at subsonic mode at the diffuser section
when the back pressure is higher than the critical back pressure.
In this case, the ejector has no shock wave in this section due to

554 International Journal of Low-Carbon Technologies 2019, 14, 550–560

D
ow

nloaded from
 https://academ

ic.oup.com
/ijlct/article-abstract/14/4/550/5586872 by guest on 02 D

ecem
ber 2019



Theoretical and experimental investigations of different area ratios

Figure 5. Diagram of ejector design.

Table 3. Specifications of the nozzles.

Nozzle Throat diameter, dt (mm) Exit diameter, dpl (mm) Apl/At

A 2.60 3.22 1.53
C 1.93 2.0 1.55

increased pressure. In the case of the critical mode, the ejector
works at optimum conditions when the back pressure is lower
than critical back pressure and the stronger shock wave happens
in this case and after nozzle exit. These behaviours are shown
in Figures 6 and 7, whereas the relation between pressure and
velocity is indirect. The primary pressure and secondary pressure
are high at the beginning and the velocity is subsonic.

The primary pressure enters the nozzle at very high pressure
and faces chocking at the throat of the nozzle and decreases
in its value until lower than the secondary pressure. This cre-
ates a lower pressure zone and an increase in velocity to super-
sonic and allows the secondary flow to enter from the mixing
chamber.

Figure 8 shows the effects of critical back pressure on the
entrainment ratio for six different types of ejector based on CFD
analysis. This figure shows the effect of variation of Pb on ω under
a range of Pp (4.5 bar). It shows that the highest value belongs to
the ejector CB at about 0.46 while the lowest value is 0.38 for
ejector AC. In addition, it can be shown that the highest back
pressure belongs to the ejector AC at about 0.55 bar while the
lowest value is 0.19 bar for the ejector CB.

5 RESULTS AND DISCUSSION
The main parameters in this test are Pp at the inlet of the nozzle,
Ps at the inlet of the suction chamber and Pb out of the diffuser
port. The experimental results were used to investigate the effects
of main parameters, Ar and adjustable spindle position on the
performance of each type of ejector (ω). A comprehensive analysis
of the CFD modelling, analytical and experimental results for the
six types of ejectors was carried out. First, the CFD results using
Fluent were verified against analytical results from EES software
programme.

Table 4. Types of ejector model.

Constant-area section Ejector specification

Serial no. Diameter(mm) A2/At (with nozzle A) A2/At (with nozzle C)

A 9.08 10.68 AC 19.39 CC
B 10.68 12.19 AA 22.13 CA
C 8.60 16.87 AB 30.62 CB
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Figure 6. Velocity magnitude along the length of the ejector.

Figure 7. Static pressure along the length of the ejector.

5.1 Effect of variation of Pp
The effect of variation in Pp for two groups of ejectors and under
adjustable spindle position (−25 mm) is shown in Figures 9 and
10. The mass flow rate in inlet primary (ṁp) increases, resulting
in reducing of ω because growth in Pp leads to higher expansion
of the primary flow from the primary nozzle exit. As presented in
Figure 9, which consists of group C under Pp (6.0 bar), the ejector
CB has the largest value of ω at about 0.43 from the rest of ejectors
in this this group. The other ejectors (CA and CC) show the ω

around 0.40 and 0.39, respectively.
Furthermore, Figure 10, which includes group A shows that

the ejectors AB, AA and AC based on the same relationship have
the same behaviour as group C. In these figures, the Ar of the
six different ejectors is proportional to ω, the reason for this is
when Ar increases, the flow in mixing stream increases as well
and results in high ω at the choked state in the induced flow.

5.2 Effect of variation of Pb
Figures 11 and 12 show the effect of variation of Pb on ω

for six different ejectors under a range of Pp (3–4.5 bar).
Figure 11 illustrates the variation of Pb on ω for six different
ejectors under Pp = 3.0 bar. It shows the highest to lowest
values of entrainment ratios (ω) are 0.62, 0.59, 0.57, 0.57,
0.55 and 0.52 for ejectors CB, CA, CC, AB, AA and AC,
respectively.

It can be seen that there are two groups of ejectors, group C
with the highest values of ω and group A with the lowest values.
In Figure 12, similar behaviour can be seen for all ejectors at
Pp = 4.5 bar, but there is an increase in the range of back pressure.
In addition, the ejector CB has the highest value 0.50 compared
with the other ejectors at Pp = 4.5 bar. Moreover, the ejector
AA displays the largest critical back pressure (Pb∗) amongst all
ejectors. This latter ejector can be used for high Pb in various
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Figure 8. Entrainment ratio vs. critical back pressure.

Figure 9. Effect of variation of Pp on ω for group C of the ejector.

Figure 10. Effect of variation of Pp on ω for group A of the ejector.

applications, but the ejector CB can apply in high-performance
applications.

Meanwhile, the relation between ω and Pb∗ is also examined
for six different ejectors. Figure 13 shows the relationship between
the ω and the Pb∗ at different Pp. As shown in this figure, it can
be observed that ω decreases linearly as Pb∗ increases and Pp
increases from 3.0 to 4.5 bar. The highest value of ω and Pb∗ are
the same as shown in Figure 11 and Figure 12, wherein the two
groups of ejectors have similar behaviour. it was found that the

Figure 11. Effect of variation of Pp on ω for six different ejectors at Pb = 3.0 bar.

Figure 12. Effect of variation of Pp on ω for six different ejectors at Pb = 4.5 bar.

ejector CB has the highest value of the entrainment ratio ω and
the lowest value belongs to the ejector AC. The reason for this is
that the Ar of the ejector CB has the greatest value (30.62) and
allows more mass of air to enter from the secondary flow port
(ṁs) at sonic velocity (choking condition) into the mixed stream
in the constant-area section. The ejector AA, which has Ar = 12.19
presents the highest value of Pb∗ amongst ejectors, approximately
0.76 bar and entrainment ratio ω (0.42) at Pp = 4.5 bar. The rest
of the ejectors have Pb∗ approximately 0.32, 0.32, 0.32, 0.64 and
0.68 bar for CB, CA, CC, AB and AC, respectively.

5.3 Effect of variation of adjustable spindle position
Figure 14 shows the effect of variation of adjustable spindle posi-
tions on ω for ejector AA. The ω lines for ranges of Pp (1.5–
6.0 bar) were carried out to compare different spindle positions.
It is clear from the results that ω increases when the spindle
increases under the same range of Pp (1.5–6.0 bar). For example,
ω is 0.48, 0.60 and 0.84 as spindle positions are −5 mm, −15 mm
and −25 mm at 1.5 bar. The reason for that is when the adjustable
spindle position moves forward, the cross-section area of the
primary nozzle decreases and leads to decreases in primary mass
flow. Consequently, this results in reduced ω when the spindle
moves backward from −5 mm to −25 mm. On the other hand, ω
decreases nonlinearly when the spindle position and Pp increase.

International Journal of Low-Carbon Technologies 2019, 14, 550–560 557
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Figure 13. Effect of Pb∗ on ω for the six ejectors.

Figure 14. Effect of variation of spindle positions on ω for ejector AA.

Figure 15. Effect of variation of spindle positions on ω for ejector CC.

It can be seen clearly that there is a reduction in ω for spindle
positions in the range (1.5–3.0 bar) of Pp. After that, increasing Pp
leads to a relatively small reduction in ω for spindle positions at
Pp (3.0–6.0 bar), here, the entrainment ratios ω are 0.35, 0.21 and
0.14 at maximum Pp (6.0 bar) for positions −25 mm, −15 mm
and −5 mm, respectively. While at 4.0 bar, the ratios are 0.21, 0.28
and 0.45 for spindle positions −5 mm, −15 mm and −25 mm,
respectively.

With regard to ejector CC, it has the same tendency when the
spindle position increases from −15 mm to −25 mm, as shown in
Figure 15. It shows that the entrainment ratio (ω) under variation

Figure 16. Effect of variation of area ratio on ω under spindle position
(−25 mm).

Figure 17. Comparison of CFD and analytical results with experimental data.

in Pp (1.5–6.0 bar) is larger than for ejector AA when using the
same spindle position. At Pp = 6.0 bar, the maximal entrainment
ratios (ω) obtained from this figure are 0.32, 0.35 and 0.39 for
spindle positions −15 mm, −20 mm and −25 mm, respectively.
While at Pp = 4.0 bar, the ratios are 0.38, 0.42 and 0.46 for spindle
positions −15 mm, −20 mm and −25 mm, respectively. When
the spindle position changes from 0 to 60% the ω and ṁs rise but
with less increment percentage in ṁp [7, 10]. On the other hand,
when the ṁp increases through spindle position, the ω growths
as the Ps is more than 1.0 bar but the ω drops when the Ps is less
than 1.0 bar [9]. This leads us to the final explanation that the Ps
has a significant effect on ṁs if its value is lower than the design
pressure, as shown in Figures 14 and 15.

5.4 Effect of variation of Ar
Figure 16 shows the effect of variation of Ar on ω, the ω lines for
ranges of Pp (4.0–6.0 bar) were carried out to compare under fixed
spindle position (−25 mm). The ω increases when Ar increases
under the same Pp. For example, ω at Pp = 4.0 bar is 0.43, 0.45,
0.46, 0.48, 0.49 and 0.52 for ejectors AC, AA, AB, CC, CA and
CB, respectively. While it is 0.33, 0.35, 0.37, 0.39, 0.4 and 0.43
for ejectors AC, AA, AB, CC, CA and CB, respectively, when
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Pp = 6.0 bar. When Pp = 5.0 bar, the ω values are between the
mentioned values for Pp = 4.0 bar and Pp = 6.0 bar. It can be
concluded that ω decreases as Pp increases despite increasing Ar.
This is because as the Pp increases, primary flow increases and
leads to restrict ed more secondary flow to enter the mixing area
and resulted in decreasing in (ω) when fixed Ar is used. However,
(ω) will rise despite rising Pp, because more secondary flow will
enter by enlarging the hypotheses area in the mixing region when
the ejector is operating at Pb below the critical value.

5.5 Comparison of CFD and analytical results and
experimental data
The comparison of analytical, CFD and experimental for ejector
AA is shown in Figure 17. The relative errors for the experiment
were ± 10% and ± 8% for the entrainment ratio calculated from
EES (ω-EES) and the entrainment ratio calculated from CFD (ω-
CFD). The CFD and EES models confirmed the experimental
results of the ejector AA, therefore, the results obtained from
CFD simulation verify the results calculated from the analytical
technique (EES) and the experimental results.

6 CONCLUSION
In the present study, tests were carried out on six different ejectors
to investigate primary pressure (Pp) effect on entrainment ratio
(ω) by changing the spindle position from 0 to −25 mm. Further-
more, the back pressure (Pb) effect on ω under variation of Pp and
spindle position was studied. Two groups of ejectors (each group
includes three ejectors) based on the nozzle type were used in this
study. Air is the working fluid used in all types of ejectors with
range 1.5–6.0 bar, which is supplied from an air compressor. The
main results can be summarized as below:

• The results showed that the ejector AA is more appropriate
than the others for the highest values of Pp, while the ejector
CB is more suitable for highest ω from the rest of ejectors. In
fact, the ω is good predicted based on different geometries and
operating conditions. Moreover, the maximum relative error
ranges between 8% and 10%.

• The area ratio (Ar) is important for the design of the ejector. To
get a better performance, the ejector should be designed with
larger Ar. In addition, the ejector designed with smaller Ar will
give the larger range of Pb.

• Furthermore, the secondary pressure (Ps) is very important to
obtain a good result if its value is equal to the design value.
Finally, the previous considerations of the ejector component
can lead to use it widely with other working fluids in heating,
ventilation, and air conditioning (HVAC) and combined cool-
ing, heating and power (CCHP).
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