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  ARTICLE INFO  ABSTRACT 

 Vibration and noise are undesirable effects in daily life and energy-consuming systems. In this 

study, the effects of different refrigerants on noise and vibration in a sealed reciprocating 

compressor are discussed. The study compared the noise and vibration performances of 

refrigerants with lower ozone depletion potential (ODP) values compared to R22, which has a high 

ODP value. The study was carried out experimentally in two stages. Firstly, tests were conducted 

for the coefficient of performance (COP) of different refrigerants. Secondly, vibration and noise 

data were obtained experimentally for different refrigerants. The results obtained from the 

experiments showed that both the COP value and the compressor vibration and noise have different 

values for R22 refrigerant and other alternative refrigerants, but values close to R22 are obtained. 

It was observed that the compressor noise values and vibration values vary depending on the type 

of used refrigerant. Average vibration values were determined as 0.604 m/s2 in R22, 0.603 m/s2 in 

R438A, 0.593 m/s2 in R417A, 0.622 m/s2 in R422D and 0.637 m/s2 in R422A.  When the noise 

values are examined, it was measured as 61.327 dB for R22, 62.913 dB for R438A, 62.187 dB for 

R417A, 63.715 dB for R422D and 64.913 dB for R422A. R417A, which has a 99% similar noise 

value to R22, was determined as an alternative refrigerant. COP values were found as 4.07 in R22, 

3.98 in R438A, 3.63 in R417A, 3.37 in R422D, and 3.18 in R422A. R438A showing 95% 

similarity for COP can be used as an alternative to R22. Generally, it was observed that the noise 

and vibration values are very close to each other for all refrigerants examined. 
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1. Introduction 

Noise pollution is a problem that significantly affects 

our health and social behavior in the developing world. 

The gradual increase in living standards and the shrinkage 

of living spaces have made the noise problem in the air 

conditioning and refrigeration sector important. 

Considering that these devices are used for almost 24 

hours, acoustic and vibration properties are important in 

terms of quality of life. Especially at night and when 

people seek a quiet environment and need a state of rest, 

the noise generated by these devices is disturbing. 

Domestic and commercial refrigeration and air 

conditioning (HVAC) systems constitute an indispensable 

part of modern life in the world [1]. Although the area of 

use is wide, these devices are also used to protect 

perishable substances, regulate temperature-sensitive 

processes in industries, and provide a comfortable 

environment [2]. 
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Compressors used in refrigeration and air conditioning 

systems are one of the most important sources of vibration 

and noise. The most important design parameter for 

reducing the noise emitted to the environment by the 

compressors used is possible by reducing the dynamic 

forces transmitted from the compressor to the casing. 

Vibration and noise generated by compressors are 

transmitted to the compressor outer casing starting from its 

emergence, and from here it passes to the environment in 

the form of noise and/or vibration through the environment 

in which the compressor is located or the system elements. 

Li et al. emphasized in their study that the vibration 

value is transmitted from the compressor to the system by 

pipes and mounting elements that connect the compressor 

to the structure. It was stated that the design of these 

elements significantly affects the dynamic performance of 

the system. In the study, a sequencing explaining the 

compressor vibration is defined by using the solid body 

model. It has been shown that if this sequencing is used, 

the number of points to be measured in the vibration test 

can be reduced. The specified analytical method was 

applied to a compressor system, the results were compared 

with the measurements, and consistency was observed [3]. 

Hamilton evaluated the vibration and noise problems in 

compressors in general terms. In this study, firstly the 

compressors used in refrigeration systems are grouped and 

the vibration and noise sources that occur in the 

compressors and their transmission routes to the 

environment are emphasized with their general 

characteristics. Basic sound and noise properties were 

mentioned. The importance of measuring noise in 

compressors was emphasized. The measurements that can 

be applied in the interior of the compressors, the purposes 

for which they will be carried out, and how the results will 

be handled were evaluated. The effects of the compressor 

outer casing on compressor noise were discussed. Besides, 

measurement techniques that can be used for vibration and 

noise control in compressors are discussed [4]. 

The design and production of quieter mechanical 

systems have been important studies in terms of acoustics 

and noise control. The noise of appliances in household 

appliances such as refrigerators is unpleasant and 

undesirable. The source of noise in refrigeration systems 

is generally due to the operation of the component in the 

system and the flow of the refrigerant in the pipes. 

Vibrations caused by flow in the pipes pose a problem 

during the design of refrigeration systems. To eliminate 

this disturbance of refrigeration systems, noise should be 

reduced or eliminated [5]. 

Lee et al. in their study conducted different experiments 

to analyze refrigerator sounds. During the experiments, 

tests were carried out on how the refrigerator sounds were 

perceived by humans. For the study, sound recordings 

were made at home and in a completely silent room using 

two household refrigerators. Taking measurements from 

different sides of the refrigerator, it was determined that 

the main sound source is the compressor. Measurement 

records were taken from the moment the compressor 

started operating and the sounds generated were divided 

into various groups. These groups consist of the sounds 

during the start of the compressor, the sounds during the 

stable operation of the refrigerator, and the sounds that 

occur when the compressor stops. The voices in these 

groups were tested separately and analyzed [6]. 

Han et al. in their study dealt with noise originating from 

refrigerant at the evaporator inlet and the capillary pipe 

outlet in two different studies. The study showed that due 

to the transition from expansion to evaporation, bubble 

formation and interaction caused some degree of flow-

induced noise [7] [8]. 

Jang et al. made a noise analysis of the rotary 

compressor in a domestic air conditioner. The suction 

pressure of the compressor is 9.12 kg/cm2 and the 

discharge pressure is 33.45 kg /cm2. The noise originating 

from the compressor was examined in two categories as 

pressure pulse of the refrigerant and structural vibration. 

As a result of the experiments, it was observed that the 

refrigerant creates noise while leaving the discharge line, 

and this noise increases as the speed of the compressor 

increases [9]. 

Venkatappa et al. analyzed the noise values of R134a 

and R1234yf refrigerants caused by the refrigerant flow in 

the compressor in the automotive air conditioning system. 

As a result of experiments, the noise and vibration energy 

generated due to flow is significantly higher in R1234yf 

compared to R134a [10]. 

Considering the new technological developments in 

refrigeration systems and the improvement of the 

compressor, the noise originating from the refrigerant was 

almost eliminated. Also, for refrigeration system 

manufacturers, how to improve performance and reduce 

noise was always a big challenge. Many consumers 

complained about the noise originating from the 

refrigerant in refrigeration systems. For a refrigeration 

system company with annual sales of more than 1 million 

in China, the return of the product due to noise resulted in 

financial losses of over 20 million Yuan. Therefore, it is 

necessary to investigate and address the noise from 

originating refrigerant [11]. 

In a 100 m2 flat in Korea, the noise characteristics of 

different types of a refrigerator in a real-life environment 

were investigated. It was determined that the noise level of 

the refrigerator in the living room is approximately 10 dB 

higher than the noise level in a quiet room in the same 

position. A semantic differential test was also conducted 

using various nomenclatures to evaluate the noise quality 

of the refrigerator [12]. 

The number of complaints about noise in living spaces 
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increases dramatically. Especially, there are concerns 

regarding the noise of electrical devices. The International 

Noise Control Engineering Institute has proposed noise 

labels for consumer and industrial products and researched 

how noise is labeled in various countries [13]. 

On the contrary other household appliances, users react 

sensitively to the noise generated by these appliances, as 

refrigerators operate all day. Consumer reports 

recommend that consumers control the noise ratio before 

purchasing a refrigerator. For this reason, the noise levels 

of the refrigerators should be reduced to create a quieter 

living environment [14]. 

Although the noise value in the refrigerator tested in a 

quiet room decreased, noise complaints and symptoms 

continue. Because of this, it is necessary to take into 

account the noise level, flaws, and consumer sensitivity of 

the refrigerators. Household device manufacturers usually 

measure refrigerator noise in a quiet room. However, the 

noise level, frequency characteristics, and differences in 

sound characteristics in house conditions are very different 

from environmental conditions. Therefore, the evaluation 

of refrigerator noise in people’s living environments 

should be made. Also, the noise level is affected by 

background noise, noise duration, and frequency 

characteristics [12]. 

Compressors and fans are refrigerator noise sources that 

lead to consumer complaints. The refrigerator noise level 

in the living environment is approximately 40 dB. Some 

structural improvements to be made in the refrigerator 

system may reduce this noise level. For example, it was 

stated that the improvement in the form of rear and side 

panels reduces the compressor noise level by 

approximately 2 dB [14-16]. 

The method of refrigerator noise measurement in a quiet 

room according to ISO 3745 gives a different sound 

characteristic according to the noise level measured in 

living environments. Sound quality assessments and 

predictive models were proposed in various mechanical 

engineering applications such as automobiles, HVAC 

systems, and trucks used in cold transport [17-19]. 

Refrigeration and air conditioning systems are systems 

that use compressors and refrigerants. When the 

compressor in these devices operates, vibration occurs in 

the pipes due to the compressor. There are two main causes 

of this vibration: These are vibrations and mechanical 

vibrations caused by the refrigerant [20]. 

Pressure fluctuations consist in the compressor as a 

result of the closing and opening of the valve during the 

compression and suction of the refrigerant. The vibration 

occurs in the system pipes due to these fluctuations. 

Vibration caused by pressure fluctuations is one of the 

most important causes of compressor noise. Therefore, it 

is critical to anticipate and prevent vibration and noise [21-

23]. 

The main cause of noise and vibration in refrigeration 

systems is the compressor. Therefore, it is a determining 

factor in the noise generated in refrigeration systems. 

Many scientists worked on reducing compressor vibration 

noise. Besides, influential methods such as improving the 

shape of the compressor outer layer before entering the 

dryer-filter, improving the suction muffler, and replacing 

the filter drier have been proposed. All of the driers and 

similar attempts have been found to significantly reduce 

the noise level of the refrigerator.  

In this study, the effects of different refrigerants on 

noise and vibration in a sealed reciprocating compressor 

are discussed. Due to the high ozone depletion potential 

(ODP) of R22 used in the refrigeration system, the 

refrigerants with lower ODP are analyzed. The study is 

carried out experimentally in two stages. First, tests are 

conducted for the coefficient of performance (COP) of 

different refrigerants. Secondly, vibration and noise data 

are obtained experimentally for different refrigerants. As a 

result of the experiments, it is determined that the 

refrigerant that can be an alternative to R22 for both the 

COP and the compressor vibration and noise is detected. 

 

2. Material and Method 

The operation of the system is stopped by a relay 

because of the signal coming from the thermostat to the 

compressor, when the cabin temperature is reached at 0 ºC. 

The refrigerant flow through the evaporator also increases, 

when the compressor stops running [5-6]. More refrigerant 

flows again into the evaporator due to the pressure 

difference between the condenser and the evaporator, in 

addition to the refrigerant that cannot complete its flow in 

the evaporator and is therefore trapped there. The 

refrigerant moves in both the liquid and vapor phases, but 

it has been found that the noise caused by the flow mainly 

consists of the liquid phase [20]. When the difference 

between the cooled space temperature and the set 

temperature reaches the set level, the compressor starts to 

operate again. Due to the rapid drop in pressure in the 

suction line, the liquid refrigerant flows towards the 

compressor. During this flow, the refrigerant stimulates 

the pipe walls, causing a temporary noise [21]. Flow 

begins from the discharge line of the refrigeration system 

to the suction line when the compressor stops. Besides, 

some of the refrigerants that evaporate due to increased 

pressure at a constant temperature condense in the 

evaporator. After a while, the heat charge in the evaporator 

comes to just sufficient to evaporate some of the liquid 

refrigerants until the compressor starts up. A large amount 

of liquid refrigerant evaporates due to the rapid drop in 

pressure, when the cycle starts [22]. The experimental 

steps in the study are given in Figure 1. 



 

 

 

 
Figure 1. Flow chart for the experimental process 

2.1 Refrigerants 

In this study, R22, R438A, R417A, R422D, and R422A 

refrigerants were used. R22 is a suitable refrigerant for a 

variety of refrigeration and air conditioning applications with 

a wide variety of temperature preferences. Due to this 

property, it has become the most common refrigerant used in 

many applications after the removal of chlorofluorocarbons 

[24]. R422D is preferred for R22 refrigerant changes in the 

direct evaporation component. In most systems, it shows 

similar efficiency and performance values to R22 [25]. 

R417A is used instead of R22 in direct expansion constant 

air conditioning and refrigeration systems in medium 

temperature [26]. R422A is used in some low-temperature 

commercial refrigeration applications as an alternative to 

R22. It provides lower pressure refrigerant temperatures 

compared to R22 and can extend the service life of the 

compressor. R438A, the other refrigerant used in the test 

system, is used as an alternative to R22 indirect evaporation 

systems [25]. R438A provides similar refrigeration 

performance and energy efficiency to R22 when operating at 

a lower compressor discharge temperature, similar 

evaporator, and condenser pressures. R22, direct expansion 

(DX) refrigeration and air conditioning systems were 

successfully realized renewal by using R438A as refrigerant 

[27]. The compositions and basic thermodynamic properties 

of the five refrigerants used in the experimental setup are 

given in detail in Table 1. 

 

2.2 Experimental Setup 

The experimental system was designed based on the vapor 

compression refrigeration cycle. In the experimental system, 

a commercial type refrigeration system operating with R22 

and alternatives R438A, R417A, R422D, and R422A 

refrigerants was manufactured. The experimental rig of 

refrigeration system is given in Figure 2. Each refrigerant to 

be tested was charged as 900 g, the compressor was purged 

with nitrogen before charging and vacuuming was 

performed. To be able to perform the experiments in a stable 

environment and to examine the performances of different 

refrigerants more realistically, the experiments were carried 

out in a closed environment with a constant outside 

temperature. To measure temperatures in the system, instant 

measurements were made with K-type thermocouples 

connected to the inputs and outputs of each main element of 

the system. Pressure measurements were carried out with 

pressure transmitters. All components and measurement 

devices used in the designed experimental system were given 

in Figure 3, and their technical specifications were given in 

Table 2.

 

Table 1. Environmental and physical properties of tested refrigerants [28] 

Specification R22 R438A R417A R422D R422A 

Refrigerant Composition 

(Mass %) 

R22 R125 

R134a 

R600 

R601a 

R32 

45% 

44.2% 

1.7% 

0.6% 

8.5% 

R125 

R134a 

R600 

46.60% 

50% 

3.4% 

R125 

R134a 

R600a 

65.1% 

31.5% 

3.4% 

R125 

R134a 

R600a 

85.1% 

11.5% 

3.4% 

Molecular Weight (kg/kmol) 86.5 99.1 106.8 109.9 116 

Critical Temperature (ºC) 96.2 85.3 87.1 79.6 71.7 

Critical Pressure (bar) 49.9 43 40.45 39.18 37.54 

Oil MO MO/AB/POE MO/AB/POE MO/AB/POE MO/AB/POE 

ODP 0.05 0 0 0 0 

GWP 1810 2264 2346 2730 3140 

MO: Mineral Oil AB: Alkaline benzene POE: Polyol ester 
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Figure 2. Experimental rig of refrigeration system 

 

2.3 Vibration Measurement 

Accelerometer was placed at the top of the compressor 

and vibration data were taken from this point depending 

on time. First of all, the accelerometer was fixed with 

adhesive on the compressor and connected to the data 

acquisition device. Compressor vibration data were taken 

with a Bruel & Kjaer 4527 model piezoelectric 

accelerometer that can measure in three axes (x, y, z). The 

x-axis of the accelerometer indicates the direction 

perpendicular to the direction of movement of the piston 

in the working plane of the piston, the y-axis the direction 

in which the piston moves, and the z-axis in the normal 

directions of the working. The accelerometer was 

connected to four-channel VIBROTEST 80 model data 

acquisition devices capable of FFT analysis. The device 

has Bruel & Kjaer software and hardware system. 

Vibration signals up to 5 kHz were received for 20 seconds 

for each refrigerant test. Measurements were taken in the 

Hanning window at 6400 resolution over time. The 

characteristics of the triaxial accelerometer were given in 

Table 2.

 

(8)
(2)

(7)

(3)

(4)

(6)

(1)
(9)

P1

P2

P3

P4

T2
T5

T3

T6

T4

T1 T7

T8

T9

(10)

(11)

(5) (a)

 

1 Compressor 10 Scanner ve Alarm Device T3 
Thermocouple (Condenser Outlet 

Temperature) 

2 Condenser 11 Computer T4 Thermocouple (TEX Inlet Temperature) 

3 Liquid Receiver  P1 Condenser Inlet Pressure Sensor T5 Thermocouple (Evaporator Inlet Temperature) 

4 Sight Glass  P2 Condenser Outlet Pressure Sensor T6 
Thermocouple (Evaporator Outlet 

Temperature) 

5 Drier-Filter  P3 Evaporator Inlet Pressure Sensor T7 
Thermocouple (Compressor Inlet 

Temperature) 

6 Flowmeter  P4 Evaporator Outlet Pressure Sensor T8 Thermocouple (Ambient Temperature) 

7 
Thermostatic 

Expansion Valve 
 a Data Transfer T9 Thermocouple (Cooling Cabin Temperature) 

8 Evaporator  T1 
Thermocouple (Compressor Outlet 

Temperature) 
  

9 Accumulator  T2 
Thermocouple (Condenser Inlet 

Temperature) 
  

 

Figure 3. All components and measuring equipment used in the experimental system 
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Component and 

Sensors 
Voltage Current Technical Specifications 

Compressor 220-240V  
Embraco NEU 6215 GK - Hermetic reciprocating, Refrigerant: R22, Power: 1/2 

Hp 

Condenser 220-240V  Karyer KT- with airflow, 3/4 Hp 

Evaporator 220-240V  Karyer KT- with airflow, 1/2 Hp 

Expansion Valve   
DuNan TEX TIS externally balanced union, One way 

PS 46 bar, Refrigerant: R22, Operating range: -40/+10 °C 

Liquid Receiver   ESS-LRY, Pressure: 32 bar, Operating range: 0/+70 °C, Volume: 1.1 L 

Accumulator   SAN XIN SX-204 

Drier-Filter   Sanhua DTG, Welded, Operating range: -40/+120 °C 

Sight Glass   SARCOOL Welded 

Converter   
Ordel- SBA200- USB-RS485, USB 1.1 ve 2.0 compatible PC connection  

300…3M Baud Communication speeds support 

Process 

Monitoring, 

Recording and 

Control Program 

  

Ordel OPİK16 

Variables can be monitored, changed, and saved on the computer, 128 channels 

can be defined to one parameter each, Each channel can be viewed as digital, 

analog, and graphic, Records can be kept in Microsoft Database (mdb) format., 

These can be opened with Microsoft ACCESS or Microsoft EXCEL programs 

Universal Input 

Scanner and 

Alarm Device 

100-240V 

AC/DC 
 

Ordel SCN100-03/0/2/0/11, Number of entries: 20, 2 Piece 4 Digit Numeric and 

2 Piece 2 Digit Numeric Display, 22 LED Displays  

Universal Sensor Input (TC, RT, mA, mV, V), Accuracy: ±0.2%  

Gas Filling 

Device 
220V  

Gas charging station with digital scales 

Vacuum pumped (3 m3/h), Balance sensitivity: ±5 gram 

Operating temperature: 8- 49 °C 

Pressure Range: 15- 30 bar 

Flowmeter 
12-24V DC 

 
4-20 mA 

Bass- TDSS.004.015.D.A.10.S.S.N.N 

Measuring range: 0.6... 4.5 l/dk, Accuracy: 1% T.S. 

Temperature: -40...120°C, Pressure: 63 bar max. 

Pressure 

Transmitter 
8-28V 4-20 mA 

Keller PA-21Y, for refrigeration groups 

Pressure range: 0-30 bar 

Accuracy: 1%, Operating range: -20....+85°C 

Thermocouple   

Ordel KTTE 2x0.5T 2K- K Type  

Cross-section: 2 x 0.5 mm² Single wire, welded end 

Insulation: Teflon + Teflon, Cable length: 2 m  

Thermostat 
230V 

AC 
 

EVCO- EVKB 21- Digital Hold with defrost 

NTC: -40/+105 °C, Relay Output: 1 piece16 A, Digital Input: 1 

Accelerometer   
Three axis, Brüel&Kjaer 4527, Frequency range: 0.3-10000 Hz, Accuracy: 3 

mV/g, Temperature range: -30/180°C, Resonance frequency: 30 kHz  

Noise Measuring 

Device 
  

Svantek SV 104, Filters: A, C, Z Measuring range: 55 dbA RMS/ 140.1 dbA 

peak, Frequency range: 30 kHz-8 kHz, Dynamic range: 95 dB 

Data acquisition 

device 
  

Vibrotest 80, FFT analysis can be done, four-channel, Brüel&Kjaer 4527 

program 

 

2.4 Noise Measurement 

 

2.5 Uncertainty Analysis 

𝑅

the total uncertainty of the study (%), 𝑅  and 𝑤  are the 

uncertainty function and the dimensional factor, respectively. 

In the same equation, 𝑊𝑛 expresses the uncertainties in the 

independent variables [29, 30]. 

WR = [(
∂R

∂x1
w1)

2

+ (
2

w2)
2

+ ⋯ + (
∂R

∂xn
wn)

2

]
1 2⁄

  (1) 

 

 

Figure 4. Noise measuring device 
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Table 2. Specifications of components and sensors in the experimental system 

  Noise  is  one  of  the  most  important  problems  in  home 

and work life, which occurs in all air conditioning 

and refrigeration systems and is ignored. The dosimeter is 

used to determine the level of exposure to noise of people 

in an environment with noisy devices. The dosimeter also 

detects  the  level  where  the  noise  is  at  its  highest  level.  In 

this study, compressor noise was measured with a Svantek 

104  model  dosimeter  shown  in  Figure  4.  For  this,  the 

measuring device is fixed very close to the compressor.

The process of obtaining vibration and noise data from 

the test system is shown in Figure 5. 

    The total uncertainty value of the experimental study was 

calculated by the following equations. In the equation, 𝑊   is

∂R

∂x
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Figure 5. Vibration and noise measurement process from the experimental system

3. Results and Discussion 

The uncertainty was calculated as 1.5% for the COP and 

the noise value as 2%. In this study, the variation of noise 

and vibration characteristics depending on the compressor 

load was experimentally investigated. Experiments were 

done with R22 and alternative refrigerants. 16384 data were 

taken for each measurement. When the compressor is loaded 

with different refrigerants, to compare the vibration 

amplitude values of the compressor, the root mean square 

(RMS) of the data taken from each axis has been calculated 

according to Equation (2) [31]. 

                 𝑎𝑅𝑀𝑆 = √1/𝑁 ∑ 𝑎𝑘
2

𝑁

𝑘=1

 

 

 

As seen in Table 3, for all refrigerants when the 

compressor is operating, the smallest RMS value on the x-

axis is obtained with R422D, while the highest RMS value is 

obtained in R22. While the smallest RMS value on the y-axis 

was obtained with R417A, the largest was obtained with 

R422A. While the smallest RMS value on the z-axis is 

obtained with R22, the largest was obtained with R422D. 

Using the data in Table 3, average vibration values (𝑎𝑡) in 

all axes (x, y, z) were calculated according to Equation 3. 

 

                  𝑎𝑡 = √𝑎(𝑥)
2 + 𝑎(𝑦)

2 + 𝑎(𝑧)
2  

 

 

𝒕

In Figure 7, the noise values of alternative refrigerants 

increase, respectively, R417A, R438A, R422D, and R422A 

when compared with R22 refrigerant. The noise values 

obtained as a result of the measurement are 99% similar for 

R417A, 97% for R438A, 96% for R422D, and 94% for 

R422A according to the refrigerant R22.

 Table 3. RMS values for different refrigerants

  

Axis Refrigerants 

R22 R438A R417A R422D R422A 

 

Compressor 

 (x), (CH1) 0.146219 0.137383 0.117344 0.097732 0.110746 

(y), (CH2) 0.110678 0.1146197 0.107061 0.154545 0.185198 

(z), (CH3) 0.108183 0.111886 0.128004 0.136984 0.111478 
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) for all refrigerants were 

given in Figure 6. Average noise values were given for all 

refrigerants in Figure 7. While the highest average 

vibration values were obtained with R422A, the smallest 

average vibration value was obtained with R417A. This 

situation depends on the lowest COP value of R422A. The 

low COP value of R422A caused the compressor to 

operate at higher speeds, increasing the average vibration 

and noise values. 

Here; 𝑎𝑡= Average vibration value, 𝑎(𝑥)= RMS value in x 

direction, 𝑎(𝑦) = RMS value in y-direction, 𝑎(𝑧)

Average vibration values (𝒂

= RMS 

value in z-direction. 

(2) 

(3) 

The results of the data obtained from x, y, and z axes for 

the compressor used different refrigerants in the loaded 

position, arranged according to Equation (2), are given in 

Table 3. As can be seen from the measurements, especially 

when R22 and alternative refrigerants are used in the regime, 

the compressor RMS values in all axes were obtained very 

close to each other. 

 
Here;  𝑎𝑅𝑀𝑆: Root mean square of acceleration signals (g), 

𝑎𝑘: kth acceleration value for time-domain signals, N: 

Total acceleration value (N:16384). 



 

 

 

 
 

Figure 6. Average vibration values for different refrigerants 
 

 

Figure 7. Change of noise according to different refrigerants 

As seen in Table 1, the fact that refrigerants R438A, 

R417A, R422D, and R422A, which are preferred as 

alternatives to R22, have low hydrocarbon content by weight, 

keeps these mixtures at low flammability and makes them 

compatible with MO and AB. Besides, the used refrigerants 

have a similar safety level (A1) with R22. In most cases, the 

fact that there is no need to change the type of lubricant and 

the existing component during renewal and replacement 

shows that there are no major differences in the COP, noise, 

and vibration values of the used refrigerants.  

One of the main reasons for the noise and vibration in the 

compressor is the cavitation level inside the pump. The 

higher the flow rate, the higher the cavitation level. Under 

the cavitation process, vapor bubbles increase due to the 

lower fluid pressure than vapor pressure. Increasing pressure 

fluctuations due to cavitation in the compressor cause an 

increase in vibration and noise. For this reason, the pressure 

value of the fluid in the suction and discharge line is 

important [32-35]. As seen in Figure 6, R417A with lower 

suction pressure has the lowest average vibration value. 

When the experimental results of the refrigerants in Table 

4 were examined, it was seen that the cooling capacity, 

operating pressures, discharge temperatures, and power 

consumption of the refrigerants used were close to each other 

in terms of vibration and noise values as seen in Figure 6 and 

Figure 7. COP values of different refrigerants are given in 

Figure 8. 

COP is a very important indicator of refrigeration system 

performance. The higher the COP value, the higher the 

efficiency of the refrigeration system. COP values were 

found to be 4.07 for R22, 3.88 for R438A, 3.63 for R417A, 

3.37 for R422D, and 3.18 for R422A. As seen in Figure 8, it 

showed similarity 95% for R438A, 89% for R417A, 83% for 

R422D, and 78% for R422A compared to R22. COP values 

showed that none of the refrigerants selected were as 

efficient as R22. However, their COP values revealed that 

each would be considered as a potential alternative for 

empowerment and change. While it has comparable COP 

with other refrigerants, the low cooling capacity of R417A 

makes it less attractive. R422D and R422A refrigerants with 

lower COP are seen as the least alternative to R22 refrigerant. 

R438A refrigerant was determined to be the best alternative 

to R22. The relationship between noise and vibration values 

of different refrigerants and COP is given in Figure 9. 

 

 
Figure 8. Change of COP for different refrigerants 

Table 4. Experimental results of refrigerants 

Refrigerants COP 

 Cooling 

Capacity 

(kW) 

Electricity 

Consumption 

(kWh) 

Evaporation 

Pressure 

P1 (bar) 

Condensation 

Pressure 

P2 (bar) 

Discharge 

Temperature 

(ºC) 

R22 4.07  1.12 0.32 1.94 12.49 91.5 

R438A 3.88  0.94 0.28 1.88 12.14 73.4 

R417A 3.63  0.85 0.27 1.81 10.93 71 

R422D 3.37  0.76 0.26 1.92 12.57 70.8 

R422A 3.18  0.69 0.25 1.97 14.22 70.2 
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Figure 9. COP, vibration, and noise relationship graph for refrigerant

As seen in Figure 9, the relationship with the COP of the 

refrigerants between vibration and noise values is seen. R22 

refrigerant with the highest COP value has the least vibration 

and noise. It is followed by R438A, R417A, R422D, and 

R422A refrigerants. It was observed that the vibration and 

noise values of the refrigerants are compatible with the COP. 
 

4. Conclusions 

The most important design parameter to reduce the noise 

and vibration emitted by the compressors used in 

refrigeration and air conditioning systems can be by reducing 

the forces transmitted from the compressor to the casing. In 

this study, the dynamic behavior of the reciprocating and 

sealed compressors, which form the backbone of the systems 

used for cooling purposes and which are mostly used in these 

systems, have been investigated. Thus, it has been possible 

to examine the dynamic behavior of compressors in the 

starting and regime states. 

In this study, in which vibration and noise variation 

depending on the load were examined in a reciprocating 

sealed compressor, the average vibration and noise values of 

the compressor were determined by analyzing the data 

obtained from the x, y, and z axes. It was observed that the 

compressor noise values and vibration values vary 

depending on the type of refrigerant used. R417A, which has 

a 99% similar noise value to R22, was determined as an 

alternative refrigerant. R438A showing 95% similarity for 

COP can be used as an alternative to R22. It was observed 

that the noise and vibration values are very close to each 

other for all refrigerants examined. These close values 

obtained are also close in COP. This proximity showed that 

R22 and its alternative refrigerants can be used 

interchangeably without any changes in the system. 

Compressor vibrations and noise are partially affected by the 

refrigerant change in the system. This study showed that the 

refrigerants used in the experiments can be used as an 

alternative to R22 in terms of vibration and noise in the 

refrigeration system. 

Hermetic reciprocating compressors are the type of 

compressor that is widely used almost everywhere in the air 

conditioning and refrigeration industry. In this study, 

experiments were conducted by charging five different 

refrigerant systems using the vibration and noise analysis 

method, and vibration and noise data were obtained from the 

experiments. It is thought that the study will contribute to the 

knowledge and literature of those dealing with the detection 

of imbalance and other problems, vibration and noise 

analysis caused by refrigerants in hermetic reciprocating 

compressors used in air conditioning and refrigeration 

systems. Maintaining these compressors, which serve as the 

most effective parts of air conditioning and refrigeration 

processes, ensures that they maintain their performance and 

efficiency. It is very important to predict the malfunctions 

that may occur in the compressors, to keep production down 

and maintenance costs to a minimum. At the same time, 

whether there is a difference in terms of the refrigerants used 

shows the importance of the study. As a result of the study, 

it was seen that vibration and noise analysis of the hermetic 

reciprocating compressor is an important method in 

detecting malfunctions that may occur. Considering the 

studies in the literature, it is foreseen that vibrations and 

noises can be analyzed with a smart system without the need 

for expert interpretation, and malfunctions or maintenance 

processes can be predicted with a smart decision support 

system. In future studies, it is aimed to develop a modern 

fault detection, diagnosis, and maintenance system using 

machine learning methods and to work on increasing the 

performance of the system. 
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Nomenclature 

𝑎𝑡 : Average vibration value 

𝑎(𝑥) : RMS value in x-direction 

𝑎(𝑦) : RMS value in y-direction  

𝑎(𝑧) : RMS value in z-direction 

𝑎𝑅𝑀𝑆 : Root mean square of acceleration signals 

𝑎𝑘 : kth acceleration value for time-domain signals 

AB : Alkaline benzene 

AC : Alternating current 

CH : Channel 

COP : Coefficient of performance 

DC : Direct current 

DX : Direct expansion 

FFT : Fast Fourier transform 

GWP : Global warming potential 

HVAC : Heating, ventilation, and air conditioning system 

MO : Mineral oil 

N : Total acceleration value 

ODP : Mineral oil 

POE : Polyol ester 

𝑅 : Uncertainty function 

RMS : Root mean square 

TEX : Thermostatic expansion valve 

V : Volt 

𝑤 : Dimensional factor 

𝑊𝑅 : Total uncertainty 

𝑊𝑛 : Uncertainties in the independent variables 
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