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ABSTRACT

The Electronic Expansion Valve controls the amount of refrigerant flow into the evaporator. 
The percentage opening of the electronic expansion valve significantly impacts the perfor-
mance of the vapor compression refrigeration system as it controls the refrigerant flow to the 
evaporator which alters the superheating temperature and thus providing different cooling 
loads. In order to protect the compressor from damage from the liquid refrigerant, it is essen-
tial to vaporize all refrigerant before it leaves the evaporator. The experiments were conducted 
with an air-cooled condenser, a compressor frequency of 45 Hz, and a water pump frequency 
of 50 Hz. The experiments ran until the cold water temperature reached 10°C. R- 134a refrig-
erant was used as the working fluid in all experiments. The conditions were kept similar for 
the capillary tube, thermostatic expansion valve, and electronic expansion valve. The per-
formance parameters including cooling load, compressor power, and cooling coefficient of 
performance, were investigated by varying the electronic expansion valve percentage opening. 
The best performance achieved was that of a cooling load of 6560 W and COP of 4.56, with 
a 60% electronic expansion valve opening. In comparison to the capillary tube, the 60% elec-
tronic expansion valve opening provides an increase of 65% of the cooling load and increase of 
39% of the coefficient of performance, respectively, and compared to thermostatic expansion 
valve, it provides an increase of 35% of the cooling load and increase of 10% of the coefficient 
of performance, respectively.
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INTRODUCTION

Air conditioning ad refrigeration systems are increas-
ingly prevalent in daily life, reflecting the rise in living 
standards in contemporary society. In Europe, heating 

and cooling account for over half of al energy consump-
tion [1]. Cooling and air conditioning systems currently 
represent approximately 20% of global energy consump-
tion, and this share is projected to rise with the growing 
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demand for cooling [2]. Consequently, there is a pressing 
need for energy- efficient technologies. Enhancing the effi-
ciency of Vapor Compression Refrigeration (VCR) systems 
is crucial, and the expansion process plays a vital role in 
this improvement. In vapor compression refrigeration 
(VCR) systems, expansion devices are critical for regulat-
ing the flow and pressure of the refrigerant. These devies 
transform high-pressure, high-temperature refrigerant into 
a low-pressure, low-temperature state without the con-
sumption of work [3]. Capillary tubes are the siplest form 
of refrigerant flow control, characterized by their design 
caused by the long and narro tubes. These tubes are cost-ef-
fective and require a low starting torque [4]. The thermo-
static expansion vave (TXV) is a vital component in HVAC 
systems and commercial refrigeration applications, partic-
ularly in walk-in coolers and freezers. Its main function is 
to precisely regulate the refrigerant flow into the evaporator 
coil by adjusting the flow passage opening, thereby con-
trolling the refrigerant mass flow rate within the system. 
The TXV operates based on a suction superheat set point, 
calibrated to keep the refrigerant gas temperature above its 
saturation point at the compressor inlet [5-6]. Thermostatic 
expansion valves (TXV) can encounter difficulties in 
adjusting to substantial and quick changes in refrigerant 
flow, especially when variable-speed compressors are used. 
Traditional TXV, which are typically set to maintain a con-
stant refrigerant flow rate under stable operating condi-
tions, may require assistance to effectively respond to these 
dynamic changes [7]. In TXV-controlled direct expansion 
evaporator systems, hunting can occur under certain con-
ditions where there are sustained oscillations in refrigerant 
flow rate, evaporating pressure, and superheat temperature 
[8].

Electronic expansion valves (EXV) are considered an 
alternative to TXVs for enhancing the performance of 
refrigeration systems in terms of operating efficiency and 
evaporator capacity. An EXV functions similarly to a TXV 
but employs a different control mechanism. Instead of 
relying solely on temperature sensing with a thermostatic 
element, an EXV compares the superheat level against a 
specified set point. This comparison generates a signal that 
regulates the opening or closing of the valve. The valve posi-
tion is adjusted by a stepper motor controlled by a micro-
processor. This electronic control system enables more 
precise and responsive regulation of refrigerant flow based 
on real-time superheat measurements. By continuously 
adjusting the valve opening according to the set super-
heat target, EXV can optimize system performance and 
efficiency, particularly in applications with variable oper-
ating conditions and load demands. The use of electronic 
control technology in EXV enhances the adaptability and 
effectiveness of refrigeration systems, providing improved 
reliability and energy efficiency compared to traditional 
TXV [9]. Many researchers believe that EXV offer superior 
control over superheat compared to TXV. Typically, TXV 
are set to maintain a degree of superheat between 5 to 8 

°C under normal operating conditions. In contrast, EXV 
enable more efficient utilization of evaporator capacity by 
reducing the degree of superheat to approximately 3°C [10]. 
Thermostatic expansion valves (TXV) regulate the degree 
of superheat, but the stability of superheat can fluctuate if 
the control algorithm does not precisely adjust the valve’s 
opening position. TXV usually employ proportional (P) 
control alone, lacking integral (I) control which is found 
in electronic expansion valves (EXV) equipped with pro-
portional-integral-derivative (PID) control. EXV using PID 
control maintain more stable and precise superheat levels 
by incorporating integral control to correct deviations 
from the set point. This capability enhances the overall 
efficiency and effectiveness of refrigeration systems com-
pared to traditional TXV [11]. Experimental analysis of an 
automotive air conditioning system with a thermostatic 
expansion valve (TXV) using two refrigerants, R-134a and 
R-1234yf, revealed that R-1234yf exhibited lower refrig-
eration capacity and COP compared to R-134a refriger-
ant [12]. The experimental results from the chiller system 
equipped with an EXV show a 30% reduction in superheat 
value and 6% lower power consumption compared to sys-
tems using TXVs. The control of superheat temperature in 
this setup utilizes a stepper control circuit with a fuzzy logic 
algorithm [13]. An examination of the refrigeration system 
with a variable speed compressor and different EXV open-
ings reveals the use of a PI controller to regulate the EXV 
opening. The system maintains a superheat temperature of 
6°C [14]. Many researchers have investigated various super-
heat temperature controllers, with studies employing fuzzy 
controllers [13, 15-16], predictive functional control (PFC) 
[17-19], and PI and PID controllers [20-23]. Among these, 
PID controllers are noted for providing superior control of 
superheat temperature compared to other types of control-
lers. Additionally, researchers have analyzed and modeled 
the adiabatic flow in capillary tubes for refrigerants such as 
R-22 and R-407C.

Many researchers have studied various configurations 
of EXV openings. It has been found that using an EXV 
consumes 9% less energy compared to a capillary tube in 
refrigerators [24]. Furthermore, a variable speed compres-
sor paired with different EXV openings results in a chiller 
system with 30% lower superheat temperature and 6% 
lower power consumption compared to systems operated 
with TXV [13]. In the experimental study of a dual evap-
oration temperature-based chiller, it was observed that the 
cooling and heating capacity typically varies proportion-
ally with compressor frequency. However, when consider-
ing the combination of EEV1 and EEV2 openings, there is 
an inverse relationship noted in the experimental results 
[25]. Additionally, researchers have conducted analysis and 
modeling of adiabatic flow in capillary tubes using refrig-
erants like R-22 and R-407C. The results of these models 
were compared with experimental data, demonstrating 
that the mathematical model yields optimal outcomes for 
air conditioning systems [26]. The numerical modeling 
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of a wire and tube condenser used in domestic refrigera-
tors concluded that this modeling approach can be effec-
tively utilized to design condensers for VCR systems [27]. 
An experimental investigation was conducted to enhance 
the performance of a domestic refrigerator by varying the 
length of the capillary tube (from 3.96 m to 5.18 m) with 
different combinations. The study concluded that the least 
energy consumption occurred with a capillary tube length 
of 4.3 m when using R-134a refrigerant [28].

Based on the literature reviewed, there is a limited num-
ber of studies focusing on enhancing the performance of 
Vapor Compression Refrigeration (VCR) systems. No 
specific experimental research has been conducted to 
investigate the performance of VCR systems using various 
openings of electronic expansion valves (EXV) at specific 
compressor frequencies. Current research trends suggest a 
shift towards adopting EXV to improve energy efficiency in 
refrigeration systems. PID controllers are favoured for their 
effectiveness in maintaining stable superheat temperatures. 
This study aims to investigate the performance of the VCR 
system by varying EXV openings and comparing them with 
other expansion devices such as capillary tubes and TXV 
under identical input parameters. The objective is to assess 
and compare the efficiency and effectiveness of these differ-
ent expansion devices in VCR systems.

EXPERIMENTAL INVESTIGATION

Experimental Setup Description
The present study aims to investigate an experimental 

Variable Compression Refrigeration System (VCRS) with 
different Electronic Expansion Valve (EXV) openings and 
compare the performance using a capillary tube and TXV 
expansion devices. The experimental schematic diagram 
consists of the compressor, an air-cooled condenser (fin and 
tube), expansion devices (capillary tube, TXV, and EXV), 
and a plate heat exchanger that acts as the evaporator. Water 
from a 60-liter tank was circulated to the evaporator using a 
water flow pump. Various sensors were used, including RTD 
PT-100 temperature sensors, pressure transducers, a rotam-
eter for refrigerant flow measurement, a paddle-wheel-type 
water flow meter, and humidity sensors. Data acquisition 
and control systems were integrated into a human-machine 
interface (HMI), facilitating seamless operation. Within the 
system, solenoid valves were used to control the equipment. 
A Eureka variable area glass tube rotameter, which provides 
±2% accuracy over the flow range, was used to measure the 
refrigerant flow rate. The schematic diagram is shown in 
Figure 1.

The frequency of the semi-hermetic reciprocating vari-
able speed compressor is regulated by a PLC (program-
mable logic controller). Suction and discharge pressure 

Figure 1. Schematic diagram of experimental setup.
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transducers are installed to measure compressor pressure. 
Once compressed, the refrigerant R134a moves to an air- 
cooled fin and tube condenser. The refrigerant passes 
through a filter and then through a glass tube rotameter to 
measure the flow rate. Three types of expansion devices; 
thermostatic expansion valve (TXV), electronic expansion 
valve (EXV), and capillary tube are each controlled by their 
respective solenoid valves.

The water-cooled plate heat exchanger acts as an evapo-
rator, with water circulated by a 60- liter stainless steel water 
tank using a PLC-controlled water pump. The flow rate of 
water is measured by a paddle wheel-type water flow meter, 
while the temperature is monitored using an RTD Pt 100 
stainless steel sensor.

The RTD Pt 100 stainless steel sensors are installed to 
measure the inlet and outlet temperatures of the refrigerant 
at all four main components. Precisely, temperature sensors 
T1 measures the outlet and T4 measure the inlet tempera-
ture of the compressor respectively, T1 and T2 monitor 
those of the condenser, T2 and T3 measure the tempera-
tures at the expansion device, and T3 and T4 measure 
the temperatures at the evaporator. The front view of the 
experimental setup, which includes the HMI screen, glass 
tube rotameter, and expansion devices with their respective 
solenoid valves, is depicted in Figure 2. The back view of 
the experimental setup, showcasing other components of 
the VCR system, is illustrated in Figure 3. The water-cooled 
and cooling tower based condenser is not used in present 
study.

The specifications of the different components of the 
VCR system are listed in Table 1. A semi- hermetic recipro-
cating compressor is used with refrigerant R134a, offering 
a capacity range of 0.75 to 1.25 tons of refrigeration (TR). 
The temperature of the refrigerant and water is measured 
using RTD Pt 100 stainless steel sensors, which provide 

an accuracy of ±0.1% of full scale. Suction and discharge 
pressures are monitored using pressure transducers with an 
accuracy of ±0.8% of full scale. The measured data, includ-
ing temperature, pressure, and water flow rate, is stored in 
the data acquisition system. The PLC controller regulates 
the Electronic Expansion Valve (EXV) opening.

Investigated Parameter
The performance of the VCR system is investigated 

with different expansion devices, including a capillary tube, 
thermostatic expansion valve (TXV), and various percent-
ages of electronic expansion valve (EXV) openings (ranging 
from 30% to 70% in 5% increments). The following param-
eters are held constant for all experiments: compressor 
frequency set at 45 Hz, air-cooled fin and tube type con-
denser, water pump flow rate fixed at 50 Hz (23.1 LPM), 
initial water temperature in the evaporator tank maintained 
at 28°C, and the target cold water temperature set at 15°C. 
Measurements include the evaporative cooling tank’s inlet 
and outlet water temperatures and different refrigerant 
temperatures at all four VCR components. Compressor 
power consumption is monitored using an energy meter. 
The cooling load, cooling COP, and system cooling COP 
are derived using mathematical equations.

Experimental Procedure
The experimental procedure commences by powering 

up the VCRS and configuring the desired parameters on 
the HMI screen, as specified in Table 2. It is crucial to allow 
a 30-minute stabilization period after making the selections 
on the HMI to achieve steady-state conditions within the 
system.

The initial water temperature in the evaporator tank 
is set at 28°C with a target temperature of 15°C. The com-
pressor frequency is fixed at 45 Hz for all test runs. Data, 

Figure 2. Front view of experimental setup.
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Figure 3. Back view of experimental setup.

Table 1. Specifications of different components

Name of components Description
Compressor Type: Semi-hermetic reciprocating Make: Frascold A1-6Y Refrigerant: R-134a

Capacity: 0.75 – 1.25 TR, 400V, 30-60 Hz
Condenser Type: Air cooled fin and tube
Expansion device Type: Capillary tube, TXV and EXV
Evaporator Type: Plate heat exchanger

Suitable with most HFC, HFO and natural refrigerants.
Temperature sensor Type: RTD Pt100, stainless steel sensor

Accuracy: ± 0.1% of full scale
Pressure transducers Type: Sanhua YCQB Accuracy: ± 0.8% full-scale
Water flow meter Type: Peddle wheel Range: 20 – 50 lpm

Accuracy: ± 4%
R-134a flow meter Type: Eureka PG-5 (Glass tube rotameter)

Range: 15-140 lpm
Data acquisition & control unit VFD drive, Water flow controller, PLC control and HMI

Table 2. Input parameters of present experiment

Parameter Details
Compressor frequency (Hz) 45 [25]
Condenser type Air cooled fin and tube type with axial fan
Water pump flow rate (LPM) 23.1
Initial temperature of water in evaporator water tank (°C) 28
Targeted cold water temperature in evaporator water tank (°C) 15
EXV opening 30% to 70% in the increment of 5%.
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including pressure, temperature, and water flow rate, are 
recorded and stored at 30-second intervals throughout the 
experiments until the water temperature reaches the target 
of 15°C. The recorded data is consistently saved in an Excel 
document during the experiment, facilitating subsequent 
performance measurements and analysis. The experiments 
are repeated for various EXV openings, ranging from 30% 
to 70% in 5% increments. Additionally, experiments are 
conducted using a capillary tube and TXV while keeping 
the same input parameters, and data are recorded for anal-
ysis purposes.

Mathematical Calculation
During the experiments conducted with the experimen-

tal setup, the temperature at the inlet and outlet of the evap-
orative cooling system is measured using the HMI system. 
The mass flow rates of water and refrigerant are measured 
using a paddle wheel-type flow meter and a rotameter, 
respectively. The compressor frequency is maintained at a 
constant 45 Hz throughout the experiment. Based on the 
data collected during these experiments, calculations are 
performed to determine the cooling load, cooling COP 
(Coefficient of Performance), and system cooling COP. The 
following is a brief description of these parameters:

Cooling load (Qe)
The amount of heat absorbed per unit time by refriger-

ant in evaporator is termed as cooling load. It is calculated 
using Equation (1).

	 Qe = m. 
w * Cpw * (T5 -T6)	 (1)

Cooling COP (COP)
The coefficient of performance (COP) describes the 

cooling capacity provided by compressor power. The 
cooling coefficient of performance is determined using 
Equation (2) as the ratio of the cooling load to work done 
by the compressor [29].

	 COP = 
Qe
WC

	 (2)

System cooling COP (COPs)
A water pump facilitates water circulation in the chilled 

water tank, and an axial fan is used to flow air in a con-
denser. When calculating the system coefficient of per-
formance (COP), it is essential to account for the power 
consumed by auxiliary devices. The total power (TP) of 
the system includes the power consumption of the water 
circulating pump, condenser axial fan, and compressor. 
Equation (3) provides the system cooling COP.

	 COPS =  
Qe
TP

	 (3)

Degree of superheating of refrigerant (ΔTsh)
The degree of superheating involves increasing the 

temperature of a vapor refrigerant above its saturation 

temperature. Superheating is quantified as the temperature 
difference between the actual vapor and saturation tem-
peratures corresponding to the refrigerant’s pressure. It is 
determined by measuring the pressure and temperature, 
determining the saturation temperature, and calculating 
the difference. The superheating temperature is computed 
using Equation (4).

	 ΔTsh = Tact  - Tsat	 (4)

Where; Tact. is an actual temperature of vapour and Tsat. 
is a saturated temperature of refrigerant

RESULTS AND DISCUSSION

During the experiment, data collection was conducted 
at regular 60-second intervals. Various primary param-
eters, including pressures, temperatures, and flow rates, 
were measured and recorded. The experiments contin-
ued until the water temperature in the cold-water tank 
reached the desired temperature of 15 °C. The effects on 
various parameters are discussed in detail in the following 
paragraphs.

Compressor Discharge Temperature and Pressure Ratio
The Electronic Expansion Valve (EXV) regulates refrig-

erant flow into the evaporator coil based on the system’s 
demands. The refrigerant flow rate increases when the EXV 
opens more comprehensively, allowing more refrigerant to 
enter the evaporator. Consequently, the pressure ratio also 
decreases. Essentially, as the EXV opens further, permitting 
more refrigerant to flow through the evaporator its pressure 
rises. The variation of pressure ratio at different valve open-
ing is shown in Figure 4.

The increase in evaporator pressure subsequently 
increases the suction pressure at the compressor inlet. The 
compressor requires more work to achieve the desired dis-
charge pressure when operating under increased suction 
pressure due to the broader EXV opening, because the over-
all work required is increased majorly due to higher mass 
flow rate. The initial refrigerant flow rate and compres-
sion workload may increase when the refrigeration system 
starts operating. This results in an initial rise in discharge 
temperature as the compressor compresses the incoming 
refrigerant to achieve the desired pressure and temperature 
conditions. The compressor may generate more heat during 
this phase, leading to a higher discharge temperature. As 
the system stabilizes and reaches a steady-state condition, 
the discharge temperature increases until it reaches a peak 
value. Then, the compressor adjusts to the required refrig-
eration load, stabilizing the refrigerant flow rate. As a result, 
the compressor operates more efficiently with reduced heat 
generation, gradually reducing and stabilizing the discharge 
temperature over time. Figure 5 illustrates the variation in 
compressor discharge temperature.
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Figure 5. Effect on compressor discharge temperature of EXV openings.

Figure 4. Effect on pressure ratio of EXV opening.
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Superheating of Refrigerant
With increase in EXV opening (increased refrigerant 

flow rate) corresponds to an increase in evaporator pres-
sure, which reduces the refrigerant’s saturation tempera-
ture within the evaporator coil. When the EXV opening 
is increased from 30% to 70%, there may be a transient 
period where system parameters, including superheat tem-
perature, undergo rapid changes. The superheat tempera-
ture may initially decrease sharply as the EXV allows more 
refrigerant into the evaporator, leading to lower evapora-
tor temperatures. As the system stabilizes with the wider 
EXV opening, the superheat temperature reaches a new 
equilibrium level. The reduction in superheat temperature 
becomes more gradual and stabilizes at a lower value com-
pared to the initial conditions.

With lower EXV opening the inlet temperature of evap-
orator is low with lower evaporator pressure, this results 
in more sensible heat transfer to the vapor phase result-
ing in high superheating temperature. As the EXV open-
ing is increased, the liquid fraction is increased along with 
increase in pressure in the flow, which gives lower super-
heating temperature due to latent of vaporisation. However, 
on further opening the EXV increase in pressure dominates 
thus reducing the saturation temperature and increasing 
the superheating temperature. Effect of EXV opening on 
superheating temperature is shown in Figure 6.

Condenser outlet temperature
The condenser outlet temperature in a vapor com-

pression refrigeration system refers to the temperature 
of the refrigerant leaving the condenser. It plays a crucial 
role in the overall system performance and efficiency. The 
condenser’s primary function is to remove heat from the 
refrigerant and reject it to the surrounding environment. 
The condenser outlet temperature reflects the effectiveness 
of this heat rejection process. A higher condenser out-
let temperature indicates that the refrigerant is not being 
adequately cooled, and the heat transfer process is less effi-
cient. The condenser outlet temperature is closely related 
to the refrigerant’s saturation pressure. As the condenser 
outlet temperature increases, the saturation pressure of 
the refrigerant also tends to increase. The outlet tempera-
ture of the condenser observed over time typically exhibits 
dynamics influenced by system operation and external fac-
tors. Initially, the condenser outlet temperature may show 
fluctuations as the system stabilizes, adjusting to varying 
load conditions or EXV settings. Over time, as the system 
reaches steady-state operation, the condenser outlet tem-
perature tends to stabilize within a specific range, reflect-
ing consistent heat rejection performance. Factors such as 
ambient conditions, system load variations, and EXV con-
trol adjustments can influence the long-term trend of the 
condenser outlet temperature. The effect of EXV opening 
on condenser outlet temperature is shown in Figure 7.

Figure 6. Effect on degree of superheating of EXV opening.
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Cooling load (Qe)
The data reveals a clear trend in the relationship between 

EXV opening and cooling load in the refrigeration system. 
Initially, as the EXV opening increases from 30% to 60%, 
there is a substantial and proportional increase in cooling 
load. Specifically, the average cooling load at a 60% EXV 
opening is significantly higher compared to lower open-
ings, with a 22.58% more compared to a 30% opening and 
a 20.15% higher compared to a 35% opening. This demon-
strates that widening the EXV opening up to 60% allows 
for a more substantial refrigerant flow, leading to enhanced 
heat transfer and greater cooling capacity. Beyond an EXV 
opening of 60%, the cooling load continues to increase but 
at a diminishing rate, as indicated by the smaller percentage 
increases at 65% (3.4% increase) and 70% (6.1% increase) 
EXV openings. This diminishing return suggests that 
beyond a certain point (around 60% opening), additional 
increases in the EXV opening yield relatively smaller gains 
in cooling load. Therefore, the optimal EXV opening for 
maximizing cooling load efficiency is around 60%, high-
lighting the importance of careful EXV control to achieve 
optimal system performance and efficiency. Effect of EXV 
opening on cooling load is shown in Figure 8.

Compressor Work (WC)
The electronic expansion valve’s (EXV) opening posi-

tion significantly impacts the compressor’s performance 

in a refrigeration system. The EXV opening directly 
affects the pressure and mass flow rate of the refriger-
ant entering the compressor, affecting the compressor’s 
workload. As the EXV opening increases, the pressure 
at the compressor inlet increases, resulting in a lower 
compression ratio. This decrease in compression ratio 
reduces the work required by the compressor per unit 
mass, as it operates at a lower pressure and temperature. 
However, with further increases in the EXV opening, the 
mass flow rate of refrigerant entering the compressor 
also increases. Consequently, the compressor must work 
harder to accommodate the higher refrigerant flow rate. 
This higher flow rate requires the compressor to perform 
more work to compress the larger refrigerant volume, 
leading to an initial increase in compressor work. As the 
refrigerant flow rate continues to increase and reaches a 
point where the compressor’s capacity is maximized, fur-
ther increases in flow rate do not proportionally increase 
the compressor’s workload. This results in an initial rise 
in power consumption. As mentioned above, on further 
increasing the EXV opening beyond a certain thresh-
old, the decrease in pressure ratio dominates the mass 
flow rate of the refrigerant. As a result, the compressor’s 
power consumption decreases, leading to the observed 
declining trend in power consumption with wider EXV 
openings.

Figure 7. Effect on condenser outlet temperature of EXV opening.
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Figure 8. Cooling load for different EXV opening.

Figure 9. Compressor work for different EXV opening.
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Cooling COP (COPC)
The coefficient of performance (COP) in a refrigeration 

system, which quantifies heat transfer efficiency, is signifi-
cantly influenced by the opening position of the electronic 
expansion valve (EXV). As the EXV opening increases, 
the cooling load also tends to rise due to the higher mass 
flow rate of refrigerant entering the evaporator, reaching 
its peak efficiency at around 60% EXV opening. However, 
further widening of the EXV opening results in increased 
compressor power consumption beyond this optimal point. 
This occurs because the compressor must handle a larger 
refrigerant volume at higher flow rates, leading to elevated 
workload and energy consumption. Consequently, the 
COP begins to decline for EXV openings of 65% and 70% 
compared to the optimal 60% opening. The observed trend 
highlights the trade-off between cooling performance and 
energy efficiency, emphasizing the importance of select-
ing an EXV opening that maximizes COP by effectively 

balancing cooling load and compressor power consump-
tion. The average COP for 60% of openings is 19% higher 
than for 30 and 35% of openings of EXV and 10% higher 
than for 40, 45 and 50% of EXV openings. The average COP 
for 65 and 70% opening is 1% and 5% lower than 60% of 
EXV opening. The effect of EXV opening on cooling COP 
of system is shown in Figure 10.

Validation
For validation, the experimental data compared 

with the theoretical calculation use of data provided by 
CoolPack software. The software works on engineering 
equation solver (EES). The input conditions are taken from 
the recorded data of the experiments. The percentage error 
is below 5% in the all cases. Table 3 shows the validation of 
experimental data with theoretical data.

Figure 10. Cooling COP for different EXV opening.

Table 3. Validation of experimental data with theoretical data

EXV opening Cooling COP (Experimental) Cooling COP (Theoretical) % Error
30 3.69 3.52 4.6
35 3.73 3.79 1.6
40 4.15 4.26 2.6
45 4.03 4.21 4.4
50 4.11 4.07 0.9
55 4.02 4.11 2.2
60 4.56 4.69 2.8
65 4.49 4.53 0.9
70 4.32 4.52 4.6
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COMPARISON OF CAPILLARY, TXV AND EXV

All experimental work was conducted under similar 
input conditions for the capillary tube, thermostatic expan-
sion valve (TXV), and electronic expansion valve (EXV), as 
detailed in Table 2. Figure 11 compares compressor power 
consumption, cooling load, and cooling coefficient of per-
formance (COP) for these expansion devices. The results 
indicate that the cooling load achieved with the EXV is 
higher than that of the TXV and capillary tube. Specifically, 

at a 60% EXV opening, the cooling load is 65% and 35% 
greater than that of the capillary tube and TXV, respec-
tively. Additionally, the compressor requires more power 
due to higher superheat temperatures associated with the 
EXV compared to the TXV. Despite this, the cooling load 
achieved with the EXV remains significantly higher than 
that of the TXV and capillary tube, with relatively minimal 
changes in power consumption between the EXV and cap-
illary tube. Consequently, the cooling COP of the EXV (at 
60% opening) exceeds that of the capillary tube and TXV by 

Figure 11. P-h diagram of expansion devices used.

Figure 12. Comparison of performance for different expansion devices.
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39% and 10%, respectively. The comparison of performance 
for different expansion devices is shown in Figure 12.

The pressure enthalpy diagram of VCR system with 
capillary tube, TXV and EXV expansion devices is shown 
in Figure 11.

The cooling COP and system cooling COP for capillary 
tube, TXV, and EXV are plotted on the radar graph and 
shown in Figure 13. The COP of the system is defined as 
the ratio of cooling load to total power consumed by the 
system. The total power (TP) of the system includes the 
power consumption of the water circulating pump, con-
denser axial fan, and compressor. The maximum cooling 
COP achieved is 4.56 for EXV opening of 60% which is 39% 
and 10% higher than capillary and TXV respectively.

CONCLUSION

The performance of the VCR system was investigated 
using various expansion devices, including a capillary tube, 
a thermostatic expansion valve (TXV), and an electronic 
expansion valve (EXV) at different opening percentages 
ranging from 30% to 70% in 5% increments. The experi-
ments were conducted at a compressor frequency of 45 Hz. 
As the EXV opening increased from 30% to 70%, the dis-
charge temperature and pressure ratio decreased, resulting 
in improved cooling efficiency and reduced compressor 
power consumption. This significant reduction in super-
heat temperature, attributed to the higher refrigerant flow 
rate associated with wider EXV openings, contributed to 
enhanced cooling rates and overall system performance. 
However, it is noteworthy that the condenser outlet tem-
perature increased as the EXV opening widened, suggesting 

that a broader EXV opening may lead to less effective heat 
rejection and lower system efficiency.
1.	 The maximum cooling load of 6560 W is achieved at a 

60% EXV opening. At a 60% EXV opening, the cool-
ing load was 22.58% higher compared to a 30% opening 
and 20.15% higher compared to a 35% opening.

2.	 The cooling load remained consistently higher, increas-
ing by around 10 to 12%, in the EXV opening range of 
40% to 55%. However, for EXV openings of 60% and 
higher, the cooling load exhibited diminishing returns, 
with a minor increase of 3.4% for a 65% EXV opening 
and a 6.1% increase for a 70% EXV opening.

3.	 The highest COP value is achieved at a 60% EXV open-
ing, with a 19% increase compared to a 30% and 35% 
EXV opening and a 10% increase compared to a 40%, 
45%, and 50% EXV opening.

4.	 The COP for 65% and 70% EXV openings was slightly 
lower, with a 1% and 5% decrease, respectively, com-
pared to the 60% EXV opening.

5.	 The cooling COP of the EXV (at 60% opening) was 39% 
and 10% higher compared to the capillary tube and TXV.

NOMENCLATURES

Cpw	 Specific heat of water (J/kg.K)
m w	 Mass flow rate of water (kg/s)
Qe	 Cooling load (W)
T1	 Compressor discharge temperature of refrigerant (°C)
T2	 Condenser outlet temperature of refrigerant (°C)
T3	 Evaporator inlet temperature of refrigerant (°C)
T4	 Compressor suction temperature of refrigerant (°C)
T5	 Inlet temperature of water of evaporator (°C)
T6	 Outlet temperature of water of evaporator (°C)
TC1	 Cold water tank controlling temperature (°C)
T10	 Air cooled condenser air outlet temperature (°C)
Tsat.	 Refrigerant saturated temperature (°C)
Tact.	 Refrigerant actual temperature (°C)
Tsh	 Degree of superheating	 °C
TP	 Total power (W)
WC	 Compressor work (W)

Abbreviations
CCD	 Central composite design
COP	 Cooling coefficient of performance
COPS	 System cooling coefficient of performance
DF	 Degree of freedom
EXV	 Electronic expansion valve
HFC	 Hydro-fluorocarbons
HFO	 Hydro-fluoroolefin
HMI	 Human Machine Interface
HVAC	 Heating ventilation and air conditioning
LPM	 Liters per minutes
PHE	 Plate heat exchanger
PF	 Proportional-Fuzzy
PI	 Proportional-Integral
PID	 Proportional–Integral-Derivative

Figure 13. Comparison of performance for different ex-
pansion devices.
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PLC	 programmable logic controller
RSM	 Response surface method
TXV	 Thermostatic expansion valve
VCRS	 Vapour compression refrigeration system
VFD	 Variable frequency drive

Subscripts
act.	 Actual
c	 Compressor
s	 System
sat.	 Saturated
sc	 Subcooling
sh	 Superheating
w	 Water
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