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ABSTRACT

This study aimed to assess the effectiveness of an ejector refrigeration cycle, using a laboratory-scale experimental
system operating in different configurations. The investigated configurations consisted of a conventional vapour
compression refrigeration (CVCR) system and a dual evaporator ejector system (DEES) operated in two modes: DEES
with a single thermal expansion valve (DEES a) and DEES with dual thermal expansion valves (DEESg). The findings
revealed that the utilization of the ejector enhanced the refrigerant’s mass flow rate. Additionally, the DEESAh
configuration achieved higher cooling capacities compared to the CVCR. Moreover, the DEESa configuration achieved
up to 21% higher coefficient of performance (COP) values. On the other hand, when the system was operated in the
DEESg configuration, it yielded lower evaporation temperatures and higher superheating degrees in comparison to
DEESA. Based on the evaluations, it can be concluded that the ejector operates more efficiently in systems with dual
evaporators, thereby making positive contributions to overall system performance.
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1. INTRODUCTION

Refrigeration systems account for approximately 20% of the total energy consumed in buildings,
making it essential to use low energy-consuming refrigeration systems due to high energy prices
[1]. The most widely used refrigeration cycles in buildings are conventional vapour compression
refrigeration (CVCR) systems. To reduce the energy consumption of CVCR systems,
modifications such as internal heat exchangers, expander-compressor and ejectors can be applied
[2]-[5]. By using the ejector, throttling losses can be recovered and thus the energy consumption
of the compressor can be diminished. In the literature, it was observed that the coefficient of
performance (COP) of the refrigeration systems increases with the use of the ejector [6]. Ejector
refrigeration cycles use a separator to separate the liquid and gas phases. However, separator is
not 100% efficient, which can cause incomplete separation. To address this issue, some studies
suggest using a second evaporator instead of a separator [7]-[9]. In their experimental study on
ejector refrigeration systems, Bilir Sag et al. [10] found that the highest COP was achieved with a
2.3 mm throat diameter ejector. Saban et al. [11] determined that the COP value increased by 21%
compared to the conventional system when an ejector was used. Wang et al. [12] evaluated the
performance of an ejector heat pump system. They observed COP increases ranging from 2.6% to
3.7%, depending on the refrigerant used. Geng et al. [13] conducted a study on the DEES to
investigate the impact of the ejector on the system performance. They observed a COP
improvement ranging from 16% to 30% compared to CVCR. In the study conducted by Carrillo
et al. [14] the ejector refrigeration cycle was analyzed for different operating modes. R134a,
R1234yf and R600a refrigerants were used in the study. It was determined that the efficiency of
the system could increase up to 26% by using the ejector. Kim et al. [9] tested the DEES system
at different entrainment ratios, compressor speeds, and ejector geometries. It was determined that
the COP of DEES was 6.3% higher. Ina theoretical comparison between DEES and a conventional
refrigeration system, Gao et al. [15] determined that the exergy efficiency of DEES is 32.4% -
41.7% higher than the conventional system. Liu et al. [16] found that the COP of a DEES system
was 15.9-27.1% higher than that of a CVCR system. In their study, Direk et al [17] found that the
COP value obtained from the DEES system was 13.24% higher than that of the baseline system.
In addition, the total exergy destruction in the DEES system was 28.8% lower compared to the
conventional system [18]. Unal et al. [19] conducted a study to assess the impact of employing
different refrigerants on the dimensions of the ejector in the ejector-integrated bus air conditioning
system. The study revealed that the size of the ejector is significantly influenced by the type of

refrigerant used. The ejector technology can also be applied to heat pump systems. Direk et al.
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[20] revealed that the COP for an ejector-integrated heat pump water heater was 5.5% higher
compared to the baseline system, which did not utilize an ejector. Tahir Erding et al. [21] reported
that the COP of an ejector heat pump system was 22.6% higher than the base system. Furthermore,
Iskan and Direk [22] investigated the use of five different refrigerants (R1234ze(E), R515a, ND,
R516A, R456A) in the DEES system in 2022 as an alternative to R134a. It was found that the
highest performance values were obtained with R516A. Iskan et al. [23] tested the DEES system
with R516A under varying water temperatures and flow rates. The was revealed that the mass flow
rate of water passing through the evaporator#2 (the evaporator placed at the outlet of the ejector)
had a greater impact on the system's performance than the ER. Further experimental studies are
needed to better understand the performance and efficiency of ejector refrigeration systems
operating in different configurations. In this study experiments were conducted using R134a

refrigerant in different configurations of the system.

2. EXPERIMENTAL SYSTEM
The experimental system is designed to operate in various configurations. The system comprises
the primary components of a traditional refrigeration system, including an ejector, water cycles,

channels, tubes, valves, and bypass lines. Fig. 1 displays a picture of the experimental rig.
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Figure 1. General view of the experimental system

In the experimental rig, there are two water loop connected with the heat exchangers. Among
these, the water cooler loop (WCL) is connected to the evaporator#2 and the water heater loop
(WHL) is connected to the condenser. At the beginning of the experiment, the water was brought
to the desired temperatures with an electric heaters connected to the PID control unit in the water

tanks. The refrigerant and water lines of the experimental rig are presented in Fig. 2.
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Figure 2. Schematic of experimental system

In the system, the condenser and evaporator#1 are positioned in a duct, and variable speed fans are
placed at the entrance of these ducts to provide air flows at desired speeds. The air temperatures
determined in the experiments are provided by using PID controlled electrical resistance heaters.
In the experimental system, Danfoss MTZ022 brand hermetic (\Vol: 30.23 cm®/rev, 2900 RPM)
compressor was used. The connections, switches and fuses of the PID systems are placed in a
panel. Evaporator#2 water flow rate (accuracy =+ 0.3 %) was measured with electromagnetic flow-
meter. The mass flow rates of the refrigerant (accuracy + 0.05 %) were measured with the Krohne
brand Coriolis flowmeter. The mass flow meter is placed between the ejector outlet and the

evaporator#2. The mass flow rate of the refrigerant flowing from the primary inlet of the ejector
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(condenser outlet) was measured with a turbine-type flow meter (accuracy of £0.1%). In order to
measure temperatures at various points in the system, a 40-channel temperature recording device
was used. K-type thermocouples were utilized to measure the inlet and outlet temperatures of the
refrigerant, air, and water flow and transferred to the recording device. Additionally, the refrigerant
pressure at various points were measured using pressure transmitters and electronic manometers
(with £0.5% accuracy). The technical drawing of the injector used in the test system is given in

Fig 3, its photograph is given in Fig 4.
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Figure 3. The ejector geometry [23]

Figure 4. Photograph of ejector

2.1. Thermodynamic Analysis of the Experimental System
The equations used to calculate the performance parameters are given in Table 1. The equations
were created based on the pressure-enthalpy diagrams provided in Figure 5. Table 2 presents the

results of the uncertainty analysis conducted for the performance parameters.
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Table 1. Thermodynamic equations

CVCR DEESAa DEESs
Evap#1 cooling Q(evap#l) Qevap#l Qeuap#1
capacity (kW) = (hg — hy)my = (hg — hy)m, = (hs — hy)m,
Evap#2 cooling Qevap#z Qevap#z
capacity (kW) = (hg — hy)my = (hyo — hy)my
. Qevap,total Qevap,total
Total cooling Qevap,total . :
. . = (Qevap#l = (Qevap#l
capacity (kW) = Qevap#l . .
+ Qevap#z) + Qevap#z)
Compressor Weeomp Weeomp Weomp
Work (kW) = (hy — hy)my = (hy — hy)my = (hy — hy)my
COPcycr, COPpggs, COPpggs,
COP — Qevap#l — Qevap,total — Qevap,total
Weomp Wcomp Wcomp

Table 2. Presents the results of the uncertainty analysis conducted for the performance parameters

CVCR DEESAa - DEESs
Evaporator#1 (%) 0.41 0.41
Evaporator#2 (%) - 0.68
Total cooling capacity (%) 0.40 0.92
Whret (%) 0.24 0.24
COP (%) 2.32 4.03
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3. RESULTS AND DISCUSSION

In this section, the results of experiments performed in CVCR, DEESa, and DEESg modes are
analyzed. The system was operated for 30 minutes prior to the experiments. The inlet and outlet
temperatures of the WHL water tank were recorded at one-minute intervals. Table 3 lists the active

and inactive system components for each configuration.

Table 3. Active and inactive system components

Cond Evap#l Evap#2 TXV#1 TXV#2 Ejector
CVRC + + — + — _
DEESa + + + + _ +
DEESs + + + + + +

The variation of the performance parameters depending on the condensing temperatures (ct) is
given between Fig. 6 and Fig. 9. Condenser temperatures are the temperatures corresponding to
the pressures measured at the inlet of the condenser. When Fig. 6 is examined, it can be observed
that the mass flow rates increase in all configurations as the ct increase. Furthermore, when the
system is operated in DEESA mode, it is seen that the mass flow rates are higher than in other
modes. For instance, at a compressor outlet pressure of 1050 kPa, the mass flow rates of the DEESa
configuration are 81% higher than those of the DEESg configuration and 25% higher than those
of the CVCR configuration. When the system operates in DEESa mode, the velocity of the
refrigerant flowing from the primary inlet of the ejector increases despite the decrease in pressure
in the nozzle section. Moreover, the density of the refrigerant at the diffuser outlet increased
depending on the increase in pressure and temperature. Consequently, the mass flow rates

increased with the increase in velocity and density.
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Figure 6. Variation of mass flow rate depending on condensing temperature

The changes in compressor inlet pressure values for three different configurations based on the ct
values are given in Figure 7a. In all configurations, as the ct increased, the compressor inlet
pressure values also increased. The highest compressor inlet pressure values were observed in the
DEESAa configuration. For a ct of 36 °C, the compressor inlet pressure in DEESa was 71% higher
than DEESg and 24% higher than CVCR. The reason for the higher compressor inlet pressures in
DEESa is that the ejector is utilized in this mode, and no throttling device is employed before
evap#2. The compressor inlet pressure of the refrigerant increased when the ejector was active.
Additionally, the effect of the throttling device used before evaporator#2 in reducing the
compressor inlet pressure was greater than the effect of the ejector in increasing the compressor
inlet pressure in DEESA mode, resulting in higher compressor inlet pressures compared to DEESs.
The changes in compressor power values for three different configurations based on the ct values
are given in Figure 7b. As the ct increased, the compressor power values increased in all
configurations. The highest compressor power was obtained when the system was operated in
DEESA mode. At a ct 36 °C, the compressor power value in the DEESa configuration was 14%
higher than DEESg and 11.5% higher than CVCR. The reason for this is the high mass flow rate

and compressor inlet pressure values in DEESa mode.
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Figure 7. Variation of a) compressor inlet pressure b) compressor power depending on

condensing temperature

The changes in the cooling capacity of evaporator#1 for three different configurations based on
the ct are shown in Figure 8a. It can be seen that the cooling capacity of evaporator#l increases
for all configurations as the ct increase. When the system is operated as CVRC, evaporator#1
reaches its highest cooling capacity value. At a ct 36 °C, the evaporator#1 cooling capacity of the
CVCR configuration was 60% higher than that of DEESa. The reason for this is that in DEESa
and DEESg modes, the refrigerant flow at the condenser outlet is split into two different paths,
leading to a decrease in the amount of refrigerant flow passing through evaporator#1. However, in
the CVRC mode, all refrigerant flow passes through evaporator#1. The reason why DEESa has a
higher evaporator#1 cooling capacity than DEESg can be explained by the throttling device used
before evaporator#2 reducing the flow rates. The changes in the total cooling capacity values of
the three different configurations based on the ct are shown in Figure 8b. It can be seen that the
total cooling capacity values for all configurations increase as the compressor discharge pressures
increase. The total cooling capacity value is the sum of the cooling capacities of evaporator#1 and
evaporator#2. The DEESa configuration has the highest total cooling capacity. For example, when
the ct are 36 °C, the total cooling capacity of the DEESa configuration is 29% higher than that of
DEESg and 33% higher than that of the CVRC configuration. It can be seen that DEESg has a
lower total cooling capacity than CVRC, despite the use of an ejector. This is because the effect
of the throttling device used before evaporator#2 to reduce the mass flow rate is greater than the

effect of the ejector to increase the mass flow rate.
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The changes in COP of three different configurations depending on ctare given in Figure 8a. When
examining Figure 9a, it can be seen that as the ct increase, the COP values decrease for all
configurations. Despite its high compressor power, the configuration with the highest COP value
is DEESa. At a ct 36 °C kPa, the COP obtained from the DEESa configuration was respectively
14% higher than DEESg and 5% higher than CVRC. The reason for this is that the DEESa
configuration has a high total cooling capacity. The changes in the subcooling degrees of three
different configurations depending on the ct are given in Figure 9b. When examining Figure 8b, it
can be seen that as the ct increase, the subcooling degrees increase for all configurations. The
configuration with the highest subcooling degrees is DEESa. The reason for this is the use of a
second expansion valve before evaporator #2 in the DEESg mode. When Figure 9c is examined,
it can be observed that the highest superheat degrees are obtained when the system operates in the
DEESEg configuration. This can be explained by the system operating at lower compressor inlet
pressures in the DEESg configuration. Furthermore, it can be noted that as ct increase in the DEESg
mode, superheat degrees decrease. The lowest superheat degrees are observed when the system is
operated in the CVCR configuration. Compared to other configurations, superheat degrees were

lower in the baseline system as it did not use a second evaporator and a TXV.
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All the results obtained from the comparison of DEESa, DEESg, and CVCR configurations are

presented in Fig 10. When the system was operated in DEESa mode, higher total cooling capacity
and COP were achieved compared to DEESg and CVVCR. Figure 10 highlights the advantages of

different configurations in the ejector-based refrigeration system when compared to each other.

For instance, DEESg is considered superior when evaluating low evaporator temperatures, while

DEESa outperforms in terms of energy consumption. According to Figure 10, it is also evident

that the CVCR configuration exhibits lower performance than the configurations utilizing ejectors,

except for the cooling capacity of evaporator#1.
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Figure 10. Comparison of DEESA, DEESg, and CVCR configurations

4. CONCLUSIONS

The aim of this study was to investigate the impact of an ejector on a refrigeration system. To
achieve this objective, an experimental ejector refrigeration system was tested in different
configurations under various condensing temperatures. The results indicate that the DEESa
configuration achieved COP values up to 21% higher. Conversely, the DEESg configuration
resulted in lower evaporation temperatures when compared to DEESA. DEESg is considered
superior when evaluating low evaporator temperatures, while DEESa outperforms in terms of total
cooling capacity and COP. On the other hand, compared to other configurations, the superheat
degrees were lower in the CVRC as it did not use a second evaporator. Furthermore, when the
system is operated as CVRC, evaporator#1 cooling capacity is the highest. Finally, it was revealed
that the ejector operates more efficiently in systems with dual evaporators, thereby making positive

contributions to the overall system performance.
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