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ABSTRACT

The fundamental aim of this study is to compare between the noise generated by rotating machines in GP1/Z plant in the industrial zone of
Arzew (Algeria). At present, noise is an integral part of our environment; it represents a serious challenge because of its dangerous health
effect. Although, in Algeria many studies have been carried out concerning noise pollution due to transport (road, air and rail traffic) but, only
few have dealt with the case of industrial noise. The study of noise generated by rotating machines in industrial units is a complex problem that
requires in-depth research to determine noise sources, on-site measurements, noise mapping and solutions to this problem. This is the main
objective of this work. In order to study and evaluate the impact of the noise generated by rotating machines in the GP1Z plant, we used an
engineering method, called simplified method. Simulation was done based on Code-TYMPAN software. The results of our study show that the
average noise level generated by rotating machines at the GP1/Z complex is unacceptable compared to the standard. We have also shown that
noise measurements exceeding danger ratings have been identified approximately noisy installations (rotating machines). We also pointed out
that the situation will exacerbate if there wouldn't provisions in the near future.
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INTRODUCTION

The Algerian industry is an essential segment of the economic development of the country [1]. However, it affects our environment with a
significant amount of pollution such as (the atmospheric pollution [2-5], solid [6-8], marine [9], etc.). Among these types of pollution, noise
pollution generated by rotating machines in the industrial area is poorly studied in Algerian scientific researches. Noise is unwanted sound from
activity in certain rate and time, which can cause human health problems and disturbs environmental comfort [10,11]. In the same context,
machine condition monitoring plays an important role in production sustainability in an industry using rotating machineries such as pump,
Turbo-compressor, moto-compressor, fans, etc. [12]. For this reason that it is in our study we will evaluate the noise levels emitted by rotating
machines. Turbo-compressors (TC) are well known machines with a development of near a hundred years, Centrifugal compressors of industrial
systems use mechanical energy to compress the working fluid [13] but they generate a lot of noise during their operation.
Nowadays, there is a great concern about noise in city-based and industrial areas [14-27]. In the United States, more than 20 million (in Egypt
over 2 million) industrial workers were subjected to occupational noise with a level above 85 dB (A), resulting a progressive sensory and
neurosensory hearing loss [28]. Noise pollution is considered one of the first environmental nuisances reported by the population [29-36].
Occupational noise that is the major nuisance is even more important. It can cause deafness but also stress and fatigue, which have an impact on
the health of the employee and the quality of his work, and this is due mainly to machines. Beside, Exposure to environmental noise is associated
with irritation, sleep disturbances and cognitive ability in schoolchildren [37]. Noise also can be the main cause of damage of the cardiovascular
system in exposed workers [38].

In addition to previously announced objectives, this study examined also the environmental impact of noise generated by large rotating
machines, based on situ measurements of sound pressure levels and noise mapping.
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In our work, we will identify the noise sources of rotating machinery, carry out measurements, assess the risks, recall the regulations and
standards and propose solutions for noise reduction. Several simulator have been adopted for making noise maps [39-44] such as ; Sound City,
CadnaA, OUIE2000, DBIink (Industry) and IMMI dB Vib instrumentation [45], in our study we chose the CODE-TYMPAN, which is adapted
to industrial noise as a tool for interpreting our results. It allows the realization of engineering studies in environmental acoustics of research
work in the field of acoustics.

Standards and regulations

Occupational health and the protection of the sound in the environment are important issues regardless of the location of the industrial
establishment in the world. The international regulatory and normative framework tends to strengthen and to harmonize more particularly in
Europe. The protection of the environment, the location of an establishment and its integration into the environment become strategic elements
in projects [46].

To better understand the level of noise in our plant (GP1/Z), we found it useful to identify noise from the regulatory point of view in order to
have an overview of the legislation that deals with noise directly or indirectly.

At the Algerian level

Beginning in the 1990s, Decree No. 01/01 of 19/01/1991 and Decree No. 93-120 of 15/05/1993 governing health, safety protection and
prerogatives role of the occupational physician. Executive Decree No. 93-184 dated on July 27", 1993 regulates the emission of noise.

The installations subject to the legislation of the Establishments classified for the Protection of the Environment are subject to the provisions of
the executive decree n ° 93-184 dated on July 27", 1993 regulating the emission of the noises. With reference to this text, the values set in the
residential areas may not exceed 70 dB (A) during the day period and 45 dB (A) in the night period, unless the residual noise exceeds these
values.

At European level [47]

The new Directive 2003/10 / EC will repeal Directive 86/188 / EEC as from 15 February, 2006, the deadline for the transposition of the new
Directive. The new noise directive is characterized by the desire to establish a clear, coherent prevention strategy that is capable of protecting the
safety and health of workers exposed to noise.

At American level

The Occupational Safety and Health Administration (OSHA) regulations set the permissible doses of noise based on exposure time [48-51]. For
example, the regulation stipulates that industrial employers must limit noise exposure their employees to 90 dB (A) for a period of 8 hours [28].

MATERIALS AND METHODS

The instrument used is the sound level meter (Roline RO-1350) with a calibration of 94 dB. As part of our study on noise nuisance due to
industrial noise, a strategic location was selected, which is the GP1 / Z plant of the Arzew industrial zone because it became the first plant at the
African level with a total area around 120 hectares [52]. It contains all the conditions for carrying out this study such as; Measuring instruments,
machines, etc. In addition, our study aimed to address these concerns by measuring the noise levels emitted by all noisy machines in order to
produce accurate statistics, a noise mapping, and to be able to perform interpretations for the purpose of improving working conditions and
preserving the health of employees, residents and the environment in general (Figures 1-3).

In order to provide answers to the problem presented on the comparative study with the noise generated by rotating machines in industrial area
of Arzew, we adopted the following methodology:

e ldentification of noise sources

e  Carrying out the necessary measures
e  Simulation of results

e Interpretation of results

e  Realization of noise maps
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Figure 3: General ground plan on the main installations GP1 / Z [52]

RESULTS AND DISCUSSIONS

Identification of noise sources
Prior to the identification of noise sources, a general survey of all the areas of the GP1 / Z plant is necessary with the verification of the results of
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noise measurements of the past years and the detection of the noisiest zones in collaboration with the HSE engineers who are responsible
Monitoring of noise emission levels by machines. In a second step we made noise measurements, the choice of observation and measurement
intervals was chosen in accordance with NFS 31.010 and ISO 3744. The measuring intervals are approximately 30 min (except in the case of

very stable noise).

After carrying out these steps we noticed that there are four noisiest rotating machines: compressors, pumps, fans and turbines. The Table 1

bellows represent the noise level recorded in these machines.

Table 1: Noise level generated by rotating machines

Noisiest Machines Pump Turbo-Compressor Moto-Compressor Fan
Train 100 85, 6 96 - 86
Train 200 88,5 97 - 89
Train 300 89 99 - 90
Train 600 89 - 91 90
Train 700 88,5 - 90 86
Train 800 91,5 - 90 85
Train 900 85 - 91 87

To reinforce the results, we have represented in the form of histograms the measured noise levels in the following figures:
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Figure 5: Noise level recorded at fans
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Figure 6: Noise level recorded in compressors

The Figure 4 shows the different noise level recorded at the pumps of sequences. The noise sources of the pumps are divided into two main
groups: hydraulic and mechanical. It’s transmitted by a fluid and by structure.

The fluid-transmitted noise is derived from the flow pulsation which is then propagated by driving systems to other parts of the fluid supply
systems. The flow pulsation is created due to the finite rigidity of the oil and the limited number of pumping elements. The noise generated by
the structure comes directly from the pulsations in the machine. The pulsation forces are mainly created by the pressure differences between the
high and low pressure ports. In the other hand, the noise of pumps is generated also by the mechanical movement of the pump components and
by the movement of the pump and system liquid. Other factors essential in the process of noise generation at the pumps are cavitation problem,
fluctuations in fluid pressure, the impact of solid surfaces and the dynamic imbalance of the rotor, mechanical problem in the pump, such as
rotor imbalance, wheel or seal friction, defective or worn bearings, vibrating pipe walls and unbalanced rotors, incorrect installation of couplings
in centrifugal pumps often causes noise at twice the pumping speed (misalignment).

From the results we have obtained in the Figure 5, its noticed that the average of noise level recorded at fans of trains is almost similar to those
recorded at the pumps, but they are higher than the threshold allow by the Algerian regulations 70 dB (A). The noise of a fan comes first and
foremost from unsteady aerodynamic phenomena associated with the interaction of the rotor-stator generated by the fluctuations of the pressure
and also the interaction of blades and fixed parts with flow and inseparable wall pressure fluctuations that correspond to tonal acoustic sources.
The design of the blade and the conditions of the fluid flow is the important parameters that directly affect the noise emission of the fan.

According to the results we’ve obtained and we have represented in Figure 6, we can observe that the noise levels generated by the turbo-

compressor and that generated by the moto-compressor are so high. In a gas compressor the noises are mainly generated because of the
following reasons:

e  The compression process and the events associated with it are the extreme source of the noise.

When a rotor blade passes through a stator blade in a compressor, the gas receives a pulse; therefore a noise is generated
from this impulsive action.

e  The electric motor that rotates the compressor, it rotates with unstable speed during crank rotation and there are varying
forces of the stator acting on the compressor structure. And therefore a noise is generated.

e  The unbalanced rotors and the rubbing of the shaft.

The noise of the mechanical origins coming from the vibrations due to the magnetic forces, and it stops consequently
when the machine is switched off; this type of noise depends on the shaft’s charge, the voltage, the current, the
frequency, the enrolment’s parameters, and the groove’s geometry, etc.

A comparison between the noise level generated by the turbo-compressors, moto-compressors, fans, and pumps

The Figure 7 below represents a comparison between the noises level generated by the rotating machines which are exists in the GP1Z plant.
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Figure 7: Comparison between the noise levels generated by rotating machines

These results demonstrate that the turbo-compressor is the noisy machine compared to the moto-compressor, fan and pump. The origin of this
high noise level recorded in the turbo- compressor is fundamentally due to the gas turbine which is feed by fuel gas, which enters the room of
combustion to produce vigorous gas of exhaust, this energy of the fluid transforms into a rotating mechanical energy on a shaft allowing a
compressor to be driven. The compressor is linked to the turbine through a common shaft; the principal role of the compressor is to compress the
gas. Several origins of noise can be distinguished in the turbo compressor system:

It’s evident that a small fraction of mechanic energy is converted to an acoustic energy, it can propagate into the whole system and be manifested
as noise, and the vibration of the body can also contribute to the generation of noise.

The vibration of the compressor’s components or surfaces because of the variations of the pressure generated in the fluid.

e  The major part of the turbo-compressor (Figures 8 and 9) are old components, thus, the machine age represents an
important factor in the noise pollution generation.

e  Certain turbine generated noise need to be maintained.

Figure 8: Turbo-compressor of train 200
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Figure 9: Turbo-compressor of train 700

The impact of the noise generated by rotating machines in the GP1Z plant

Since the introduction of the EU ambient noise directive, strategic noise mapping has been used as a tool for noise policy in many European
countries [46]. For this reason we have carried out the noise mapping, in order to prove to huge impact of the rotating machines on noise
pollution; we have made a noise mapping of GP1/Z plant. As an indication, we chose the COD-TYMPAN simulator as a tool. To perform our
simulation, we chose to first simulate each zone of the plant alone and then generalize the simulation to the whole plant.

The Figure 10 represented the noise mapping of GP1/Z plant, these results we have noticed the great effects of rotating machines on the
generation of noise pollution. We note that the most important noise levels are in the center of the trains (100, 200, 300, 600, 700, 800 and 900).
Indeed, this is where the rotating machines (turbo-compressors, moto-compressor, pumps, fans, etc.) are located.

They also showed that the noise level is high in all machines including trains. However, there are some differences between these machines. The
noise levels recorded in rotating machines is higher. This is mainly because the large volume rotating machines are noisier than those of small
volumes. Indeed, those, which are supplied by a large flow of fluid, are noisier than those supplied by a low flow rate of the fluid. On the other
hand, the age of machines also play a major role in the emission of noise.

After comparing the results between the trains we found that the compressors of trains 100, 200 and 300 (turbo-compressor) are more noisy
compared to the compressors of trains 600, 700, 800 and 900 (moto-compressors). The noise levels observed in Trains 700, 800 and 900 are
lower than trains 100, 200, 300 and 600 because of their age. Indeed, trains 700, 800 and 900 were recently acquired by the complex in 2010
(less than five years ago).

From the results of the noise mapping, we conclude that the noise generated by the rotating machines have a great impact on the environmental
noise generation inside and outside the plant, we could also observe that the propagation of the noise’s surface is increasing if we take the noise
in consideration, then we can talk about its impact on health of the workers inside the plant for 8 hours of work and on the health of the
neighboring inhabitants who are exposed to a higher level of noise.
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Figure 10: General noise mapping of the GP1Z plant

CONCLUSION

Through the various results we have obtained we can conclude that the noisiest rotating machines are: the pumps, fans, turbo-compressor and
moto-compressor. They are characterized by a high noise level compared to other machines in GP1/Z plant. The average noise level was
unacceptable compared to the standard and regulations. The turbo-compressors is noisier than the moto-compressor and also than other rotating
machines. The reduction of the noise level in the nosiest area was conditioned by the wearing of the individual hearing protectors, the duration of
exposure and the actions of soundproofing approximately the noisy sources and reduction of the propagation outdoors. Noise reduction will
improve the quality of work, life, preserve hearing, reduce stress and the diseases involved which may reduce the risk of accidents. For all this
reason, we recommend to change the turbo-compressor by moto-compressors to reduce the noise level and the percentages of gases (CO,, NOX,
etc.) escaping from the torches. We also recommend preventive maintenance while respecting the maintenance range of equipment. Finally,
we’ve made noise mapping of the GP1/Z plant to determine the noisiest areas from those which are less noisy and to inform and sensitize all the
staff of the GP1/Z plant.
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