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ABSTRACT

The purpose of this study is to improve the performance of a domestic refrigerator by installing an axial fan in
the evaporator. A test rig was designed and fabricated, and experiments were conducted using R134a refrigerant to
evaluate the refrigerator’s performance with and without an axial fan.

Additionally, a refrigeration unit analysis was performed using CoolPack simulation tools version 1.50 to
model the system’s behavior. The results demonstrated a significant improvement in the coefficient of performance
(COP) and refrigeration effect, with the system achieving an 11.2% performance increase when the axial fan was
installed. Moreover, compressor work was reduced by 6.8%, indicating decreased energy consumption.

Overall, this study demonstrated that equipping the evaporator with an axial fan can significantly enhance the
performance of domestic refrigerators. These findings contribute to the ongoing research efforts aimed at improving the

efficiency of refrigeration systems.

| Keywords: Vapor compression, Coefficient of performance, Refrigerant-134a, CoolPack software.
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INTRODUCTION

Air conditioning and refrigeration are essential components of human life. A third of the
high-grade energy used globally for residential, commercial, and industrial cooling, heating, and
comfort applications is consumed by the HVACR (heating, ventilation, air conditioning, and
refrigeration) sectors..

The vapor compression refrigeration system (VCR) is used mainly worldwide for HVACR
applications in vapor absorption and adsorption refrigeration systems (V. W. Bhatkar. et al., 2013).
In this system, the refrigerant undergoes four phases in a closed cycle: compression, condensation,
expansion, and evaporation.

The condenser rejects heat to the environment during the condensation process, and the
compressor is used to compress the low-pressure, low-temperature refrigerant from the evaporator
to a high-pressure, high-temperature refrigerant.

Following the condensation process, the condensed refrigerant entered the expansion device,
where the lowering pressure caused the refrigerant's temperature to drop below the ambient
temperature. Resistant vapor expands when pressure decreases. The vapor produces a cooling effect
on its surroundings when it expands, drawing energy from the surrounding area or the material in
touch with it. Following this procedure, the refrigerant is prepared to absorb heat from the area that
has to be cooled. The evaporator served as the site of the heat-absorption process. The term
"evaporation" refers to the process of heat absorption. When the refrigerant evaporatively returned
to the compressor's suction line, the cycle was finished.

Furthermore, the pressure—enthalpy [log(p)-h] diagram illustrates the fluid's liquid and vapor
phases during the cycle (lines 1-4) and provides a precise measurement of the energy transfer in
each stage.

The p-h diagram and schematic of the VCR system are displayed in Figures. 1(a) and (b).
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Figure 1. (a) Schematic diagram (b) p-h diagram for VCR system.

(Bhatkar et al., 2022)

(Mann et al., 2017) concluded that axial fans offer a cost-effective method to enhance the
performance of refrigeration systems, particularly by improving COP and reducing energy
consumption. Their findings suggest that axial fans should be considered an essential component in
the design of efficient refrigeration systems.

(Meyer et al., 2020) discusses the different heat transfer mechanisms involved, including
conduction, convection, and phase change, emphasizing how these affect evaporator efficiency. The
study highlights critical design factors for evaporators, such as surface area, flow arrangement, and
refrigerant selection, which can significantly impact their performance. Overall, the paper
underscores the critical importance of evaporators in refrigeration systems and provides insights
into optimizing their design and operation for improved efficiency.

(Zhang, Y., et al., 2019) compared the energy efficiency of refrigeration systems using
various fan types, specifically axial and centrifugal fans. Their findings indicate that axial fans
generally provided higher airflow rates with lower energy consumption than centrifugal fans,
making them more suitable for specific refrigeration applications.

The fan structure and motor technology in the evaporator and condenser enable the system
to effectively reduce the temperature and generate waste heat. The waste heat from the evaporator
fan usually leads to a reduction in compressor runs, thus saving more energy. Therefore, the fan
structures and technologies used in the evaporator and condenser are crucial for the energy
efficiency of the cooling system (S. Erten et al., 2020).

The effect of condensing fan speed on steam compression refrigeration systems was
explored by (Acharya et al. 2021). The results revealed that as the CFM speed increases, the
pressure head decreases, and the heat loss in the system decreases. Space cooling efficiency is a key
factor, which enables the high CFM speed to reduce the space temperature faster. (Elsayed et al.,
2020) Evaluated the performance of split air conditioning systems driven by frequency converter,
and studied the influence of compressor speed, condenser fan speed, evaporator fan speed, and the
effect of electronic expansion valve. The study found that a 7 °C increase in the air inlet
temperature of the condenser led to an 18% increase in the power consumption of the system and a
15% decrease in the energy efficiency ratio (COP).

(Dang et al. 2019) analyzed the thermal performance of S-NDWCT equipped with an axial
flow fan at different fan diameters and fan power levels to evaluate its impact. The study found that
when the diameter of the fan exceeds 15.0 meters, the air velocity in the central area of the tower
increases significantly, leading to a more uniform temperature distribution.
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(Amin et al. 2020) compared the application of traditional (on-off) control with variable
speed drive (VSD) control for split air conditioning evaporator fan motors, aiming to reduce cooling
time and power consumption. The study found that the VSD controls improved the energy
efficiency ratio (COP) by 32% and reduced energy consumption by up to 11% compared to the on-
off controls.

This study experimentally evaluates the performance of a refrigerator by incorporating an
axial fan to enhance its efficiency. The research focuses on calculating the Coefficient of
Performance (COP) and identifying optimal parameter measurement locations for accurate
performance assessment. The experiment was conducted using a developed test rig, which was
upgraded and modified as needed, to achieve maximum system performance.

Real refrigeration cycle (M. Mohanraj, et al., 2008)
Real refrigeration cycle consists of the following state changes as illustrated in Figure 2:
1 — 2 polytropic compression to the condensation pressure
1 — 2" isentropic compression
2 — 3 isobaric cooling, deheating of the superheated steam
3 — 4 isobaric condensation
4 — 4 'isobaric cooling, supercooling of the liquid
4°-5’ isenthalpic expansion to the evaporation pressure
5’ — 17 isobaric evaporation
1’ — 1 isobaric heating, superheating of the steam

The liquid exiting the condenser is subcooled and the vapor exiting the evaporator is most
likely slightly superheated in a functional circuit. The liquid was subcooled to 4' and the gas from
the evaporator was superheated to point 1.

Subcooling is defined as the difference between the condensing temperature and liquid
temperature at the expansion valve inlet.

As the refrigerant passes through the evaporator, its capacity to absorb heat will diminish
since it will be a mixture of liquid and gaseous (flash gas) when it reaches the expansion device.
Although this circumstance is not unusual, it negatively impacts the system's functionality. To get
the most cooling capacity, the refrigerant entering the expansion valve needs to be

subcooled liquid, or pure liquid without flash gas. The product is cooled when the low-
pressure liquid passes through the evaporator and absorbs heat. The capacity and efficiency of the
system will be reduced if the refrigerant at the valve input is not a subcooled liquid and instead
consists of a mixture of liquid and flash gas. This is because gas has a far lower density than liquid,
which means, less refrigerant can pass through the expansion valve, lowering its cooling capability.

Significantly more flash gas will enter the evaporator, which will further impair
performance and need more effort and time from the system to attain the proper temperature.

Super-heating (SH) is the amount of heat we provide to the refrigerant after it has fully
evaporated. Taking this definition into account, reheating means a contribution of heat sensitivity to
the refrigerant and, therefore, an increase in temperature. To calculate it, we
need to know two temperatures; the suction of the compressor and the evaporation temperature at a
given pressure. Superheat ensures total evaporation of the liquid refrigerant before it goes into the
compressor Figure 2 depicts the refrigeration cycle with state modifications.
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Fig.2: refrigeration cycle with state changes

(Lucia et al., 2012)

The main parameters of the refrigeration system are:

— Cooling capacity (heat absorbed in the evaporator)

qi=hl —h5 (kJ/kg) (1)

The cooling load of 1 ton of refrigeration is equivalent to (3.6 kW)

Therefore, the cooling capacity of the system (Qi) which presents the heat absorbed by the
refrigerant in time

Qi=m.qi (kW) (2)
Where m is the flow rate (kg/sec)

— Amount of heat rejected in the condenser (absolute value)
qo =h2 —h4 (kJ/kg) (3)

— The absolute value of work consumed by the system
WC =m (h2 — hl) + (the power of equipped fan) (4)

Refrigeration Effect (RE)=qi
RE=m (h1-h5) (5)

— The refrigeration efficiency is defined as the following equation
COP =RE/WC (6)

Where,

h1, h2, h4, and h5 are the enthalpies at specified points (kJ/kg), and COP is the performance
coefficient.
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Methodology

The refrigerator's performance is evaluated using an experimental method and attempts to
upgrade and achieve the maximum performance for a refrigerator unit by incorporating an axial fan
installation. To obtain more accurate results for interpreting the refrigerator's performance, it is
crucial to identify the suitable locations of the parameters to be recorded. The experiment was
conducted using the developed test rig, which was upgraded and modified when required.

A compressor (0.5 hp) and evaporator axial fan with a power of 30 watts were installed. A
load of 18 liters of water at a 35 °C temperature was placed inside a cooling chamber measuring
420 x 520 x 440 mm for cooling. After the integration of the components, the system was charged
with 856 g of refrigerant (R134A), The line and electrical connections were thoroughly inspected
for leaks, The absence of any pressure gauge readings indicated a possible refrigerant leak in the
pipeline or gas loss.

A schematic diagram of the experimental apparatus and a view of the test rig are shown in
Figures 3 and 4, respectively).
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Fig. 3: Diagram of the experimental apparatus

Fig. 4: View of test rig
Results and Discussion

To assess the performance of the VCR system in terms of the refrigeration effect,
compressor work consumption, and coefficient of performance, pressure, temperature, and enthalpy
values were measured at several key locations throughout the compressor, condenser, expansion
valve, and evaporator. The results are presented in Table (1).
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Parameters Fan Turn off Fan Turn on

High pressure (bar) 10.9 103
Low pressure (bar) 48. 47

Compressor temp in (°C) l6.8 16.5
Compressor temp out (°C) 45.2 44

Expansion valve temp in (°C) 37.7 34.2
Condensation (°C) 434 41
Evaporator temp out(°C) 14.8 14

Condenser temp out(°C) 43.6 405
7.4 7.4

Equilibrium pressure (bar)

Table 1. Experimental data obsorved

The p-h chart is drawn accordingly, and the Refrigeration Effect (RE) and C.O.P are
calculated using Eq. (5 and 6), respectively. For this study, all refrigeration cycle components were
analysed based on the following assumptions:

Steady-state, steady-flow cycle.
negligible kinetic and potential energy changes across each component.
No heat transfer (gain or loss) in the connecting pipes.

A thermodynamic cycle was traced by the authors in the log (p)-h chart using CoolPack
software. CoolPack is a comprehensive suite of simulation tools that may be used for refrigeration
system design, dimensioning, analysis, and optimization. CoolPack's programs are categorized into
three primary groups: Dynamic, EESCoolTools, and Refrigeration Utilities.

Four subgroups have been created from the primary group EESCoolTools: Cycle analysis,
Design, Evaluation, and Auxiliary.

The three refrigerant-focused applications that make up the group Refrigeration Ultilities are
mostly, used to calculate the properties of primary and secondary refrigerants and to create property
plots for primary refrigerants (such as p-h diagrams).

The parameters determined by the software are depicted in Fig. 6. (With the evaporator fan
turned off) and Fig. 7, (With the evaporator fan turned on)
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Fig. 5 The thermodynamic cycle of a refrigerating system obtained using CoolPack software
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Fig.6 The thermodynamic cycle of a refrigerating system obtained using CoolPack software

(Axial Fan On)

It can be noticed that both the superheating and subcooling degrees increased when the

axial fan was incorporated into the cooling system.

The increased subcooling degree improves the cooling capacity by increasing the latent heat
of vaporization of the refrigerant, which directly affects the enthalpy difference in the evaporator,
leading to an improvement in cooling capacity. An increase in COP was observed after the axial fan
was incorporated, with the COP rising by 11.2%. In addition, the compressor work decreased by

6.8% after the axial fan was integrated.
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Figure 7. Comparative performance of VCR system with and without evaporator axial fan

Based on the simulated results for the selected refrigerant, the following performance
parameters, such as COP, Cooling capacity, and Compressor Work were analysed and compared.
Tables (2) and (3) illustrate the theoretical performance and superheating and supercooling
comparisons of the evaporator axial fan in both the off and on states.

Enthal Enthal Compr Refrige Power
Evapor hl a ratin heat
p PY PY essor g rejecte COP consu

py h2 i .

ator fan (kJ/kg h3=h4 wWwork Effect mption
y o IR ey ke (kIkg) 9 kW)

OFF 408 429 252 21.7 155 177 7.1 0.49

ON 407 428 248 20.3 160 180 7.9 0.44

Table 2. Experimental Results: Performance Comparison with Evaporator Fan On and Off

Fan State Subcooling (°C) Superheating (°C)
Off 59 2
On 6.3 2.5

Table 3. Superheating and subcooling comparison

When the system is running, the pressure and temperature conditions may change slightly
due to the continuous flow of the medium, which may result in a small change in the enthalpy.
When the system is off, a temporary thermal stabilization may occur, resulting in a small difference
in the values.

Although the system with the fan consumes an additional 30 watts, the total energy
consumption is less than the system without a fan. This is due to the difference in enthalpy,

(h2-h1) fan on < (h2-h1) fan off

as shown in Figure 7, which leads to a difference in the work done by the compressor.
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Conclusion

This study aims to investigate the impact of incorporating an evaporator axial fan into a
refrigerator system. The researchers conducted experimental tests and presented the results and
evaluations. The key finding was that the coefficient of performance (COP) of the system
significantly improved by 11.2% with the installation of an axial fan. Additionally, using the axial
fan resulted in a 6.8% reduction in compressor work compared to operating the system without a
fan. These findings demonstrate the potential benefits of incorporating an evaporator axial fan into a
refrigerator system.

The authors recommended that future research concentrate on the performance of variable-
speed axial fans, as they offer greater flexibility for optimizing airflow and energy efficiency.
Additionally, they emphasize that the geometry and materials of fan blades play a critical role in
improving performance, potentially reducing energy consumption and noise levels.
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