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Abstract: (1) Background: In the past, sound design was focused on the minimization of the emitted
sound, understanding that the lower the sound, the better. Nowadays, this concept is outdated; in
addition to the sound pressure level, many more aspects of the sound are considered to fulfil the
subjective satisfaction of clients. Thus, a new concept called sound quality has emerged to reach more
facets of the sound. In refrigeration systems, the recommendations of European Union are aimed at
reducing greenhouse emissions by means of the replacement of the hydrochlorofluorocarbons gases
with other less pollutant gases. The refrigeration systems are designed to be used with a specific
refrigeration gas, and the noise emitted by these systems is certificated using this refrigeration gas.
However, the regularizations have changed, and new refrigerant gases should be used. Considering
that these new refrigeration gases work at different pressures, it is possible that the noise could be
different with these gases. Moreover, the study of sound quality is very important for the manufacture
as the perception and therefore the annoyance could change with the use of new gases. (2) Methods:
Two different gases, R-449A and R-134A, have been studied. An acoustic camera has been used to
measure and identify the sound quality in the refrigeration systems. (3) Results: The results have
shown R-134A has better sound quality than R-449A. (4) Conclusions: This study shows that R-449A
and R-134A could be a substitute for R-404A in terms of noise level.

Keywords: noise; refrigeration gases; sound quality

1. Introduction

The use of refrigeration is very extensive throughout both domestic applications and
industrial processes. Most of industrial refrigeration consists of facilities destined to supply
the demand of refrigerating chambers and cooling tunnels, among other things. From the
beginning of industrial refrigeration, different substances have been used to improve the
efficiency of the process, such as ammonia (R-717), sulphur dioxide, and carbon dioxide,
which are highly toxic gases. For this reason, the research related to refrigeration has been
focused on the development of new alternative refrigerant gases that are less toxic and
harmful to the environment. Thomas Midgley [1] developed the chlorofluorocarbon gases
(CEFQC), including Freon (R-12). However, in the 1980s, the destruction of the ozone layer
and the greenhouse effect were related to the presence of these gases in the atmosphere.
Consequently, the Montecarlo Treaty, signed in 1987, restricted the manufacture and use of
these gases. Afterwards, hydrochlorofluorocarbons became the most popular alternative,
due to their lower aggressivity toward the ozone layer (Freon 22 or R-22). In most countries,
these gases were employed as the main refrigerants in commercial devices until the 2010s.
Since the 2010s, however, hydrofluorocarbons (HFCs) have progressively been introduced
into the market. They are more friendly with the ozone layer, as chlorine was substituted
by hydrogen atoms. These gases include refrigerants such as R-134A, R-404A, R-407C, or
R-410A, which are currently the most used gases in industrial application and scientific
community. Recently, the European Union [2] established the replacement of refrigerant
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gases (HFC) in industrial freezers and refrigerating chambers with a potential for global
warming (PGW) of 2500 in 2020 and of 150 in 2022.

Although the European Union controls the emissions from F-gases, including HFCs,
noise regularization is not included. In fact, there are no European regularization of this;
the noise emission in refrigeration systems is established by the local council in each city.
In this sense, the choice of the best refrigeration gas involves efficiency and low energy
consumption, but also environmental issues such as low noise emission. Although there
are many studies about the efficiency and gas emissions of refrigeration gases, there is
not much research on noise emission [3]. A brief bibliometric study including previous
works about noise in refrigeration gases has been carried out. As can be seen, since 1997,
there was a minimum level of documents published, though this has increased since 2018,
confirming the importance and growing interest in this field. This fact draws attention to
the importance of the lack of information on the behavior of refrigeration gases in terms of
noise emissions.

Regarding the publications related to noise in refrigeration using different gases, there
are 1178 research papers listed when the keywords of “refrigeration gas” and “noise” are
used in Web of Science (Clarivate) “All Databases” search tool. These manuscripts belong to
“Engineering” (1.007) and “Physics” (516) categories (some of them belong to both). China is
leading this research, with 333 manuscripts, followed by USA (249 manuscripts). In Web of
Science (Clarivate) “Core Collection” had only been found 33 research documents, mainly
belonging to “Thermodynamics” (14) and “Engineering” (11), China (11) and USA (8) being
the main countries leading this research area. Figure 1 shows the main topics found on
noise in refrigeration using different gases for Web of Science (Clarivate) “All Databases”.
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Figure 1. Main topics found about noise in refrigeration using different gases for Web of Science
“Core Collection”.

Due to the lack of literature on noise emissions in refrigeration systems using different
gases, the increase in these last years of these systems, and the new regularizations that
force the changing of these gases to other less polluting ones, the study on noise emission
replacing refrigerant gases in these systems seems to be justified. Additionally, the study
of the acoustic and vibrations are important in helping the quality of life of the neighbors,
especially at night. This is an important environmental issue due to the increase of in
air conditioner and refrigeration sectors, with these devices being used for almost 24 h.
Jang et al. [4] analyzed the noise emitted by a rotary compressor in a domestic air condi-
tioner. The fluid-structure interaction analysis was made to simulate the noise generation
mechanism of a rotary compressor in an air conditioner. They concluded that the main
factor which has influence in the generation of noise is the internal pressure wave when the
discharge valve is opened. Thus, the refrigerant generated the noise during the discharge
line, and when the speed of the compressor was higher. Venkatappa et al. [5] analyzed two
different types of refrigerant, HFC-134a and HFO-1234yf, in order to check the noise in-
duced in an automotive air conditioning system. The authors could demonstrate that there
were remarkable differences in the noise generated by the different refrigerants. The noise
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and vibration produced by the flow was considerably higher in HFO-1234yf compared to
HFC-134a. Zhilong et al. [6] (REF) studied the structural characteristics of the experimental
compressor to implement a new noise reduction strategy. The authors achieved a reduction
in the noise level of more than 10 dBA with this noise reduction scheme. Rodolfo et al. [7]
(REF) investigated the effect of the isobutane contaminated with non-condensable gases
in the thermal-acoustic behavior of household refrigerators. Noise was measured with an
accelerometer, and the noise was increased when the mass flow rate was raised.

A study carried out in China [8] established that the financial losses caused from the
return of the refrigeration system due to a high noise level were over 20 million yuan [8].
In other report [9], the author performed a cost-benefit analysis on the reduction in noise
emission in the EU. It is clear that the benefits exceed the cost of the noise reduction for
all types of equipment, due to these having a medium-to-high environmental impact.
Moreover, these direct costs are usually supported by the purchaser or end user. However,
there are others indirect costs in terms of sleep disturbance, concentration loss, fatigue,
annoyance, and stress which are demonstrated to have consequences on health, and thus,
medical costs.

In recent years, the number of complaints about noise coming from air conditioner has
increased. Following this, local councils have regularized their use during certain times, as
in the case in Spain, and the York Council in the United Kingdom (UK), who has established
that noise levels from refrigeration should be kept below 5 dB [10]. In New York City,
the council has a website to report noise annoyance from an air conditioner, ventilation
equipment, or exhaust devices [11]. Since 1976, the Environmental Protection Agency in
United Stated (US) designed a program to provide consumers with information about noise
emission in new products [12]. In 1999, the Institute of Noise Control Engineering made a
survey in which several countries participated (UK, US, Japan, Norway, Turkey, Belgium,
and Brazil), discussing how each country was labeling the noise of their products [13]. One
year later, the European Union (EU) approved the Directive 2000/14/EC [14], relating to
noise emissions in the environment caused by outdoor equipment by mandating noise
labels for consumer and industrial products. This directive established the label with the
indication of the guaranteed sound power level including the pictogram. Moreover, if the
noise could change under some circumstances, this should be modified. Although this
directive has been amended by Regulation EC 219/2009 [15] and recently by Regularization
EU 2019/1243 [16], these aspects have been kept. In this sense, changing the refrigerant
gas could change the noise emission of the refrigeration equipment as the pressures of the
gases are different, and subsequently the behavior of the compressor could be modified.

Noise Emission in Refrigeration

The main source of noise and vibration in a refrigeration system is the compressor.
Noise could be classified into pressure pulsation of the refrigerant and structural vibration.
During the operation of the compressor, the refrigerant and the internal structure of the
compressor strongly interact each other. Reducing the noise emission could be achieved
by reducing the dynamic forces transmitted from the compressor to the casing. In the
case of the hermetic compressors, the vibration is induced by discharge gas pulsation,
so the cavity is excited by both the refrigerant gas discharge and the vibrating hermetic
shell. This vibration is completely related with the noise emission. Improving the shell
housing structure has been studied as a method for reducing the high frequency noise.
The compressor design and control algorithm could also reduce the noise emission. The
correlation between noise emissions using different refrigerant gases has been studied, but
the identification of noise source was not clearly established. For this purpose, the study of
the compression process is very important. It consists of four stages: expansion, suction,
compression, and discharge, depending on the piston position or crank angle. At the
beginning, high-pressure refrigerant gas expands quickly when the piston starts to move
from top dead center (TDC) to the bottom dead center (BDC). At this point, the cylinder
pressure drops, being lower than external pressure, and the suction valve opens up. The
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low-pressure refrigerant gas flows into the cylinder until the piston arrives at the BDC. The
compression of the refrigerant gas happens through cylinder volume reduction due to the
piston movement until the TDC (REF). Now, high-pressure refrigerant gas is produced
when the discharge valve is opened, and a small amount of refrigerant gas stays in the
top clearance space. This residual gas is the origin of the next expansion step, repeating
the compression process again. Therefore, depending on the type of refrigeration gas, it is
possible to assume that the pressures of work for the compression cycle are different, and
this could vary the emitted noise.

The main aim of this paper is the study of sound quality emitted by refrigeration gases
with different PGW as R-134 and R-449A After the prohibition of the R-404A through the
Directive F-gas (ref), the replacement of this gas in refrigeration due to maintenance should
be studied in terms of noise emissions. The results of this preliminary study have been
extrapolated to predict noise emissions in the University of Cérdoba. There are more than
161 refrigerators on their campus (University of Cordoba) using R-404A. Therefore, if the
level of sound is reduced using R-134A or R-449A instead of R-404A4, it could be said that
the annoyance due to noise in the campus could be also improved.

2. Materials and Methods
2.1. Experimental Setup

A refrigeration chamber will be used to measure the noise emissions and the sound
quality using different refrigeration gases under control conditions. The experimental sys-
tem was designed on a refrigerating chamber including a semi-hermetic compressor model
A 0.5 4Y (Frascold). Different operating points of the compressor have been evaluated at
corresponding working pressures. Table 1 shows the specifications of the refrigerating
system. The experimental rig of the refrigeration system can be seen in Figure 2. Each
refrigerant tested was charged with the same mass, 1500 g, and previously, the compressor
was also purged with nitrogen. All experiments were developed in a stable laboratory
environment with a constant outside temperature of 25 °C.

Figure 2. Refrigerating chamber.

The installation, whose diagram is shown in Figure 3, consists of a simple vapor
compression circuit, specially designed and built for the analysis and diagnosis of its
behavior in a wide range of operating conditions. The installation is fully instrumented, and
thus has sensors to measure the main variables such as pressure, temperature, and rotational
speed, among others. The circuit consists of the four basic components: compressor,
condenser, expansion valve, and evaporator. Likewise, the installation was adapted to
work with different refrigerants.
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Figure 3. Diagram of the refrigeration system.

1.
2.
3.

The complete installation is basically made up of three interrelated systems that make
up the actual operation of an installation. Thus, they are distinguished as follows:

Simple vapor compression refrigeration circuit;
Refrigeration area to be cooled;

Control system.

The systems have particular characteristics, and these are described in depth below.

Table 1. Specification of the refrigerating systems.

Component and Sensor Voltage Current Technical Specifications
Frascold model A (Milan, Italy) 0.5-4Y
semi-hermetic reciprocating, single stage.
Compresor 400 V AC/3 phases/50 Hz 194 A Refrigerant 404A. Power 0.87 kW,
mass Flow 56 kg/h
EBM model A4D300-AP28-01-with airflow
Condenser 400 V AC/3 phases/50 Hz 017 A 1860 m? /h-1370 rpm, power 0.06 kW
S&P model HRB/4-315-with airflow
Evaporator 400 V AC/3 phases/50 Hz 033 A 1900 m? /h-1450 rpm, power 0.08 kKW
Danfoss model TSE2. Refrigerant R404 A
Expansion Valve externally balanced union
p Danfoss model TSE2. Refrigerant R134 A
externally balanced union
Solenoide valve 230V AC Danfoss model EVR10, solder connection 1/2”
. . Frascold, pressure 32 bar, volumen 1.5 L, safety
Liquid Receiver Accumulator valve 27.5 bar connection 1/4” NPT
: 3
Drier-Filter Danfoss model DCL084S.capaC},ty 100 cm”,
solder connection 1/2
Sight glass Danfoss model 3940/4 solder connection 1/2”
Siemens model TP227-6. 1 DP port profibus-mpi
protocol, 1 RJ45 port TCP-IP protocol
I . Siemens model Simatic S7-313C-2D. 2 DP port
Process Monitoring, recording . .
and control program profibus-mpi protocol
Variables can be monitored, changed, and saved
on the computer. These can be opened with
Microsoft EXCEL
AKO model, 3 digit numeric display,
Thermostat 230 V AC 2 NTC/PTC temperature sensor,
3 relay output, 1 digital input
Pressure Transmitter low 8/28 VDC 4-20 mA Osaka model, pressure range —0.5/7 bar
Pressure Transmitter high 8/28 V. DC 4-20 mA Osaka model, pressure range 0/30 bar
Temperature Transmitter
(indoor chamber, evaporator, 12/32 V DC 4-20 mA Osaka model 565-2, temperature range

condenser ambient

—50/+50 °C bar, type PT100, accuracy £ 5 pA
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2.1.1. Single Refrigerant Circuit

The complete refrigeration circuit is shown in Figure 4, a graphic representation
of the main components linked by their respective connection lines. The circuit has a
mounted 1/2 CV semi-hermetic reciprocating compressor, which has a flexible electrical
supply by means of a variable speed driver that allows it to work at different compressor
rotational speeds.

_ Acoustic

camera

Figure 4. Noise measurement set up.

When the superheated steam is compressed, it is led directly to the condenser. This
heat exchanger is made of copper tubes and helical-type aluminum fins, using air as a
cooling element to condense the refrigerant by means of a fan with a frequency variator
and release heat to the environment. In the condenser, the refrigerant from the compressor
where it is desuperheater discharges to a saturated condition for subsequent condensation
and subcooling. It then circulates through a filter drier until it reaches the thermostatic
expansion valve. After expansion, the refrigerant is introduced to the evaporator, which
is also made of copper tubes and aluminum fins of the helical type, using a fan with a
frequency variator to recirculate the air inside the enclosure, giving heat to the refrigerant.
The refrigerant leaves the evaporator with a certain degree of overheating and is finally
sent to the compressor, thus closing the refrigeration circuit.

2.1.2. Refrigerated Enclosure

The compartment to be cooled has been designed with optimum dimensions for its loca-
tion within the laboratory, being a basic premise for the construction of the plant and follow-
ing techniques typical of industrial plants. Its measurements are 1.20 m x 1.20 m x 2.50 m,
and it consists of a 0.90 m x 2.00 m door with a climalit glass viewer in order to observe
the interior of the enclosure without accessing it while experiments are being rehearsed.
The set is supported on a base with wheels to facilitate its transfer. The material used for
its construction is 75 mm thick sandwich-type modular panels formed on the inside with
pre-lacquered sheet metal with an epoxy resin finish, with expanded polyurethane-based
insulation on the inside and a stainless steel sheet on the outside. The modular panels are
tongue and groove, reinforcing their union with hooks to guarantee their tightness.

2.1.3. Control System

The normal operation of the system is required to consist of two well-identified
systems, which work in parallel and are the following:

e  Refrigeration circuit system:

It is mainly composed of the compressor, the evaporator, the condenser, the expansion
valve, the solenoid valve, the liquid collection container and the refrigerant. It commands
the flow of the latter through the pipes and its mission is to control the interior temperature
of the enclosure, extracting heat from it through exchange in the evaporator.

This system is designed so that it can work in two different ways: ON-OFF mode,
regulated mode by PLC and speed driver in compressor, condenser fan, and evaporator fan.
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e Defrost system:

It is responsible for detecting as closely as possible when enough ice has been pro-
duced in the evaporator to cut off the operation of the refrigeration circuit system before
eliminating it to avoid performance losses. In this case, the defrost system melts the ice
using electrical resistors.

The characteristics of all these components are described in Table 1.

2.2. Refrigerants

In this study, R-134A and R-449A refrigerants were used. R-134A or 1,1,1,2 tetraflu-
oroetano is a refrigerant used in a great variety of applications such air conditioners in
vehicles, domestic freezers, or refrigerated transports. This is highly energy efficient at
positive and medium temperatures. Since 2015, this refrigerant gas is prohibited in new
vehicles, although it is possible to recharge the older refrigeration systems. R-449A could be
used as substitute for R-404A in refrigeration chambers and other commercial refrigeration
applications for medium and low temperatures. Table 2 shows the environmental and
physical properties of tested refrigerants for the refrigerant gases used in this research.

Table 2. The environmental and physical properties of tested refrigerants.

Specification R-134A R-449A

25.5-26.7 R-134A
24.3-25.5 HFO 1234yf

Refrigerant Composition (Mass %) 100 R-134A 24.5-257 R125
23.3-24.5 R32
Molecular Weight (g/mol) 102 87.2
Critical temperatura (°C) 101.1 81.5
Critical Pressure (bar) 40.67 44.5
Oil Polyol ester POE Polyol ester POE
obr 0 0
GWP 1430 * 1397 *

* POE: Polyol ester; ODP: Ozone Depletion Potential; GWP: Global Warming Potential.

To measure temperatures in the refrigeration systems, two Testo 115i clamp thermome-
ters were used connected to digital manifold Testo 550s. Moreover, the high and low
pressures were measured with a Testo 549i gauges at digital manifold Testo 550s.

2.3. Noise Measurement

Noise emissions and sound quality were measured using an acoustic camera from
Gfai Tech GmbH model Mikado 2D (Berlin, Germany), with 96 MEMS microphone array
and NoiseImage software used for sound analysis in post-processing. The acoustic camera
was placed at 1 m distance from the block of compressor in identification of sound sources,
see Figure 4. The noise was measured in front side. The aim of the acoustic camera is the
identification of the sound source in the compressor. For this, the acoustic camera generates
acoustic images based on imaging beamforming 2D.

2.4. Sound Quality Metrics

Psychoacoustics indicators constitute an interesting way to measure how nice or
disturbing a sound is for human beings. The number of indicators to objectively classify
the sound quality is huge, including loudness, sharpness, roughness, boom, fluctuation
strength, and tonality. Some metrics, such as loudness, are defined following international
standards [17]. The selection of a metric to define sound quality depends on the application.
Loudness was evaluated in this study. The unit of loudness is sone. Sones are different
than decibels due to the fact that these take into account the frequency and level-dependent
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nature of human hearing. Decibels only quantify the amplitude of a sound, so they do not
accurately represent how a sound can be perceived as loudness.

Additionally, the points of the refrigeration system with more sound pressure level
and loudness were identified with a 2D systems.

3. Results

The first tests carried out used R-134A. The acoustic camera was placed at 1 m in
front of the refrigeration system. Noise emission was measured without the control system
working; after that, the control systems was active in measuring the noise emission. Then,
the refrigeration gas was replaced by R-449A, and the same tests without and with the
activation of the control system were carried out. All experiments were made at the same
conditions of temperature and humidity.

Figure 5 shows the loudness for both refrigeration gases with and without regulation
system (Figure 5¢,d and Figure 5a,b respectively). It is possible to observe how the level of
loudness is lower using 134A refrigerant as well as when the system of control is working
for both kinds of refrigerant. Moreover, the sound source in the refrigeration systems was
identified close to the suction nozzle.

Figure 5. Identification of the sound source: (a) R-134A without control system, (b) R-449A without
control system, (c) R-134A with control system, and (d) R-449A with control system.

It is possible to observe that the maximum average spectrum (red continuous line in
the spectrum) is achieved by R-449A (Figure 6). Additionally, the content of low frequencies
is higher using this kind of gas, which could increase the annoyance. When the control
system is working, the effect of the variable frequency drive (VFD) can be seen in the
spectrum due to the peak of frequency at 8 kHz, 12.5 kHz, and 16 kHz corresponding to
the working frequency of VFD.

(2) (b)

(@) (d)

Figure 6. One third octave band spectrum: (a) R-134A without control system, (b) R-449A without
control system, (c) R-134A with control system, and (d) R-449A with control system.
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From Figure 7, it is also possible to see the effect of the control system. When the
regulation is applied to the refrigeration system, the loudness dropped more than 3 sones.
Moreover, the differences of the emitted loudness between R-134A and R-449A can be
appreciated. This is almost 3 sones without control systems and 2 sones when the VFD
are working.

25 T T T
R449A without control
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Figure 7. Loudness for R-449A and R-134A refrigerant gases with and without control system.

The working pressures for R-449A and R-134A refrigerant gases can be seen in Figure 8.
It is possible to see the relationship between both working pressures and loudness. Loud-
ness is represented by bubbles; the higher the loudness, the higher the size of bubbles. Both
low and high frequencies seem to be more constant for R-134A than R-449A, as well as
loudness. In the case of R-4494, it is possible to observe that the loudness increases when
the pressures rise, and the trend of the loudness is almost linear.
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0320 165/ @ .‘ [ \
5 5
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High Pressure (bar) High Pressure (bar)

Figure 8. Relationship between loudness and working pressures for R-449A and R-134A refrigerant gases.

A Spearman correlation test was carried out to determine associations between pres-
sures, control system, type of gas, and loudness. According to Table 3, it is possible to
observe that there is a correlation between loudness and the other variables. The correlation
results show that loudness was linked with the type of gas and, therefore, with the working
pressures. Loudness was also improved, which means that it was lower when the control
system was active, and the VFD was working compared to without the control system.
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Table 3. Statistical results of Pearson’s correlation.

Loudness Low Pressure [Bar]  High Pressure [Bar]  Refrigerant Gas  Control System
Loudness 1.000 0.161* 0.162* —0.283 ** —0.866 **
Low pressure [bar] 0.161 * 1.000 0.911 ** —0.858 ** 0.599 **
High pressure [bar] 0.162 * 0.911 ** 1.000 —0.756 ** 0.526 **
Refrigerant gas —0.283 ** —0.858 ** —0.756 ** 1.000 —0.217 **
Control system —0.866 ** 0.599 ** 0.526 ** —0.217 ** 1.000

*p < 0.05. ** p < 0.005.

4. Discussion

As can be seen in Table 2, the fact that refrigerants R-449A and R-134A, which are
one alternative to R404A, have low hydrocarbon content by weight, which makes these
refrigerants have a low flammability. Additionally, the used refrigerants do not need to
change the type of lubricant, and there are not major differences in the coefficient of perfor-
mance (COP/EER) (w/w), 2.32 and 2.42 for R-134A and R-449A, obtained from Frascold
software selection 3 v.1.21.0. The main source of noise and vibration in a compressor is
the cavitation level inside the compressor. When the flow rate increases, the cavitation
level rises and the vapor bubbles proliferate due to the lower fluid pressure than vapor
pressure. This increase in pressure fluctuations due to cavitation in the compressor causes
more noise and vibration. For this reason, the gas pressures are important [18-20]. This
correlation can be seen in Table 3, where there is a correlation between loudness and the
low and high pressures.

Another important factor mentioned above is the COP. This is an indicator of the
refrigeration system performance. The higher the COP, the higher the efficiency of the
refrigeration system. Both substitute gases of R-404A have better COP than this (2.28 w/w
(COP/EER)) [21]. Moreover, Cingiz et al. [22] found that there is a correlation between
the COP and noise and vibration of the refrigerant gases. The higher the COP value, the
lower the noise values. In our study, both R-134A and R-449A have a higher COP than
R-404A,; thus, these could be the best alternative to R-404A. The effect of the VFD used to
manipulate the rotational speed of the compressor also has an impact on noise emitted
(Figure 7). Similar results were found by some authors [23] using VFD as an alternative
to improve the efficiency of the compressor and reduce the noise emission. The VFD
controls the motor speed of the compressor and, therefore, the cycle times of the piston.
The compressor improves its mechanical efficiency by reducing the energy consumption
and reducing loudness by up to 5 sones (Figure 7). For both refrigerant gases studied, the
behavior shown with the use of VFD regarding the working pressures and noise is more
linear than when VFD is not used (Figure 8).

5. Conclusions

The most important design parameter to reduce the noise emitted by the refrigeration
compressors can be by reducing the pressures and, therefore, the forces transmitted from
the compressor to the casing. In this research, different refrigerant gases with different
operating pressures have been studied with the aim to be an alternative to R-404A and
reduce noise emissions. It was observed that noise and loudness levels vary depending
on the kind of refrigerant used. The refrigeration gases have different working pressures
that have an influence on noise emission. Compressor noise is partially affected by the
refrigerant change in the system. From this research, it is possible to notice that the noise
component is deeply related to the compression process of refrigerant gas due to the
fact that pressures gases are different for each gas. This study shows that both R-134A
and R-449A could be a substitute to R-404A in terms of noise level. However, R-134A
has a lower noise emission and better sound quality than R-449A. Additionally, these
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refrigerant gases have similar thermodynamic parameters to R-404A, and these could be
used interchangeably without any change in the system.

This alternative can be combined with other techniques to reduce the noise emis-
sion. For example, attenuators can reduce the aerodynamic noise of the compressor or
constructive parameters of the compressor.

Based on the current investigation, further research is designed to correlate the noise
emitted using more different refrigeration gases and the pressure of the gases. This correla-
tion will be achieved using artificial neural network.
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