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Abstract

The noise pollution is among the major challenges of installing the equipment and development of industries. Controlling pro-
duced noise in small power plants is a necessity for its development. The present study was conducted to predict the reduction of
exhaust noise pollution in a 25 MW gas power plant using the synthesized aluminum foam in a gas power plant under the construc-
tion. The noise pollution was measured in a similar gas power plant to predict noise sources in the Tarasht gas power plant. One
centimeter thick aluminum foam was synthesized with an average size of about 300 - 500µm and a porosity of 90%. The impedance
tube was used to determine the sound absorption coefficient of aluminum foam. Then, the sound pressure level was predicted by
ANSYS software before and after applying aluminum foam in a simulated environment on the exhaust duct wall. Results showed
that with the 10 cm of thick insulation layer includes punctuating stainless steel plates, refractory fabric, and closed-cell aluminum
foam at high frequency, at least an 8 dB reduction in the noise pollution was obtained the exhaust duct wall compared to the duct
wall without the aluminum foam. Aluminum foam can be used as a suitable sound insulator in the power plant industry. Further-
more, it has various advantages over other insulators, such as the resistance to moisture, heat, and vibration attenuation due to
noise, proper high rigidity at a low weight, and most importantly, less environmental pollution.
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1. Background

The noise pollution analysis of power plants shows
that this pollution can cause serious concern for the work-
force in these locations (1, 2). The noise pollution problem
is not specific to developing countries; hence, it is also a
major difficulty for the developed countries (3). Nowadays,
further attention is paid to the accidents caused by noise
pollution more than ever because of the issues such as
the need for environments which are a more suitable and
more desirable lifestyle. In the industrial sector, there are
various sound pollution sources, specifically power plants
which are the main centers of power generation (4). Elec-
tricity plays a vital role in the industrial and social develop-
ment in developing countries. In addition to their valuable
work, these centers have environmental problems includ-
ing noise pollution (5). According to the National Institute
for Occupational Safety and Health (NIOSH), the determi-
nation of main noise sources in a thermal power plant is
of great importance (6). Thus, various materials including

soft polymer foams, mineral fibers, and glass wool, were
found to turn the sound waves into heat while hitting the
fibers and the inter-filament air so that the sound is ab-
sorbed. However, the environmental hazards and harm-
ful effects of these substances on health cannot be ignored
(7). Therefore, the researchers seek to find materials with
lower pollution, weight, and cost that can absorb sound
waves at high frequencies (8). Metal foams, as one of the
solutions proposed in this area (9), have sound absorp-
tion characteristics which are a good option to control
noise pollution, especially in the industrial environments.
Porosity, size, thickness, airflow resistance, pore morphol-
ogy, closed/open pores, angle of impact of the acoustic
waves and resistance of the airflow are important factors
influencing sound absorption coefficient in metal foams
(10). The simplest method used for making the foams is
producing them directly by injecting the gas bubbles into
the molten metal. By this method, the large parts are pro-
duced at a relatively low cost (11). Wang et al. (9) showed
that the acoustic absorption coefficient of aluminum foam
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was equal to 0.4 at low frequencies. They found that the
sound absorption coefficient was higher at higher frequen-
cies. Besides, the aluminum foam with a pore size of 500
µm had the highest sound absorption coefficient.

Tao et al. (10) and Stanev et al. (11) synthesized the alu-
minum foam using solid-state production methods and
showed that these foams are one of the most widely used
foams at high melting temperatures. Previous studies
showed that porous metals have reasonable effects on
sound absorption due to the morphology of free pores
with improved functional properties and mainly due to
high resistance to mechanical and chemical materials (12).
In a study using nickel foam showed that a 7.5 mm thick
foam sample formed by a 5-layer foam panel (thickness: 1.5
mm; porosity: 96%; average diameter: 0.65 mm) could pro-
duce an excellent sound absorption effect at 4000 Hz with
an absorption coefficient of about 0.8 (13). Studies showed
that using the aluminum foam to reduce noise pollution
could play a significant role in the power industry. On the
other hand, using the aluminum foam to reduce the noise
pollution should be evaluated due to the high resistance
of aluminum foam to humidity and heat, high rigidity at
a low weight, and energy absorption. Despite the studies
on metal foam effect and its varieties on sound absorption,
few studies were done on the effect of these types of foam
on industrial environments and especially thermal power
plants.

2. Objectives

Therefore, this study aims to synthesize the aluminum
foam with nano surface topography and its application to
reduce the noise pollution in a gas power plant under con-
struction.

3. Methods

At first aluminum, the foam was made from the alu-
minum powder with a pore size of 300 – 500 µm and a
porosity of 90%. Then, to predict the noise pollution in the
Tarasht gas power plant (a power plant under construction
(We measured noise pollution at a similar power plant in
terms of the type of fuel, electricity production, and tech-
nical specifications (Figure 1), and also we used from the
simulator software (ANSYS software model 2019 R3).

3.1. Synthesis of Aluminum Foam

For aluminum foam synthesis, the aluminum smelt-
ing process was carried out at a temperature range from

670°C - 690°C. Then, about 1.5 wt% of calcium was added to
the aluminum melt at 680°C and mixed using a mixer at
900 rpm to concentrate the liquid metal. After the viscos-
ity reached the desired level, 1% of TiH2 was added to the
molten solution. TiH2 is the most common foam maker. It
decomposes at 470°C and releases H2 gas, resulting in the
formation of a large volume of bubbles, as well as the foam
with closed cells. When the foam was formed, the chamber
was cooled down below the aluminum melting point (Fig-
ure 2).

3.2. Determination of Sound Absorption Coefficient in Alu-
minum Foam

After aluminum foam synthesis, the acoustic absorp-
tion coefficient of aluminum foam was measured by the
B & K model 4206 impedance tube (B & K, Denmark),
equipped with two microphones with tube diameters of 30
and 100 mm. In this method, a speaker was used to create
standing waves inside a tube, where at its backend, there
was a specimen of the absorbent material. Each specimen
was separately inserted into the tube, and the absorption
coefficient was calculated by measuring the ratio between
the maximum and minimum acoustic pressures by a cylin-
drical microphone moving along the tube. This method
complies with the C384 standard introduced by the Amer-
ican Society for Testing and Materials (ASTM) (Figure 3).

3.3. Predict of Noise Pollution at a Gas Power Plant Under Con-
struction

Considering the plant was under construction and was
not fully operational yet, the manufacturer’s data were
used by measuring the noise level of a similar power plant
and the sound absorption coefficient of aluminum foam
in the ANSYS Products V. 2019R3 to acoustically analyze the
aluminum foam exhaust duct in a simulated environment.

4. Results and Discussion

According to the measurements of noise pollution ar-
eas in the similar power plant, the highest noise level in the
compressor and exhaust sections was equal to 93 dB (Fig-
ure 4).

After aluminum foam synthesis, the sound absorption
coefficient was determined for the foam produced in the
laboratory. Figure 5 shows the results obtained from the
measurement of sound absorption coefficient at different
frequencies on the aluminum foam specimens. The high-
est sound absorption coefficient in the aluminum foam
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Figure 1. Measurement stations of similar gas power plant

Figure 2. Manufacturing process of aluminum foam
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Figure 3. Schematic diagram of impedance tube

Figure 4. A view of exhaust from gas power plant

with a thickness of 1cm was equal to 0.777 and 0.840 at the
frequencies of 1600 and 6300 Hz, respectively.

The aluminum foam was used in the simulation envi-
ronment to reduce the noise pollution. The analysis results
using the ANSYS software for the walls with or without alu-
minum foam indicated that SPL distribution reached 74
dB at the frequencies of 1600 and 60 dB at the frequency
of 6300 Hz in the wall with aluminum foam located at
a 1.5 m distance from the ground level and 1m from the
equipment (standard ISO 3741). Meanwhile, SPL distribu-
tion reached 77 dB at the frequencies of 1600 and 68 dB at
the frequency of 6300 Hz on the wall without aluminum
foam (Figure 6).

The model designed to predict the sound pressure level
(before and after the installation of aluminum foam) was
assessed at a frequency of 1000 Hz. It can be concluded that
the minimum and maximum SPL in the wall without alu-

minum foam were equal to 24 dB and 99 dB, respectively
(Figure 7).

In the model of aluminum foam wall, sound pressure
level distribution reached at -30 dB (minimum) to 99 dB
(maximum) at the frequency of 1000 Hz (Figure 8).

The highest noise pollution areas (turbine exhaust and
air compressor) were predicted in the mentioned power
plant using the noise pressure level at a similar power
plant (Figure 9). The equivalent level was equal to 93 dB
which was high compared to the permissible acoustic com-
fort level. In Iran, the standard range of industrial environ-
ments is equal to 70 dB, as recommended by the National
Occupational Health Committee (14). A study on the noise
pollution reduction in all power plant equipment showed
that the highest noise level could be attributed to the ex-
haust. Hence, they applied a silencer to reduce exhaust
noise (15). Therefore, it seems that the exhaust is the most
important source of noise, confirming our results regard-
ing the noise pressure level in the power plant.

The studies showed that exhaust, booster pumps, fans,
and compressors are the most important noise sources in
the power plant, which, in some cases, the noise was re-
ported to exceed recommended limits (16). The noise gen-
eration in power plant equipment is associated to a num-
ber of factors. From the industrial point of view, these
factors include the mechanical and structural nature of
device, the degradation of mechanical components, mal-
functioning of the machines’ moving parts, and weak
foundations (17, 18). After specifying noise pollution ar-
eas and synthesizing the aluminum foam, the sound ab-
sorption coefficient was measured in these areas. The re-
sults stated that the aluminum foam could be a good ad-
sorbent in the power plant. Considering the high demand
for aluminum foams, there is a need in the industries to
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Figure 5. Sound absorption coefficient of aluminum foam
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Figure 6. Distribution of SPL in a wall with or without aluminum foam at the frequencies of 1600 - 6300 Hz

develop the methods to measure the aluminum foams
with a low cost and high quality (19). Tao et al. (10), us-
ing solid-state production methods (using powder tech-
nology, gas-producing materials such as TiH2, and spacers
such as NaCl, together with the metal powder), showed
that the aluminum foams with high melting temperature
can be good acoustic absorbers to reduce noise pollution.
In another study, Stanev et al. (11) showed that aluminum
foam is suitable for the acoustic absorption. Wang et al.
(9), found that with higher frequencies, the absorption co-
efficient of aluminum foam increases. In another study,
Navacerrada et al. (20) identified aluminum foam with

a pore diameter of 500 µm as the best sound absorbent.
In a study entitled “The investigation of the effect of alu-
minum alloy foam holes on sound absorption coefficient”,
the sound absorption behavior of aluminum foams was
studied. The sound absorption behavior of aluminum al-
loy foams with pores less than 250 microns was much
weaker at low frequencies than alloy foams with pore sizes
in the range of 1000 microns. While, emphasizing the pat-
terns of aluminum alloy foam on the sound absorption co-
efficient, the cavity and its size on the sound absorption
were studied (21). In previous studies, compared to a study
conducted at the Tarasht power plant, all confirmed that
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Figure 7. Distribution of SPL in the wall without aluminum foam at the frequency of 1000 Hz

Figure 8. Distribution of SPL in a multilayer wall environment at the frequency of 1000 Hz

compressors and chimneys have the highest noise pollu-
tion in the gas plant, and closed-cell aluminum foam with
a pore size of 500 microns has the greatest impact on re-
ducing noise pollution. Finally, similar to previous studies,
it was found that the aluminum foam could be a suitable
adsorbent for noise pollution reduction in power plants.

4.1. Conclusions

Results related to this study revealed that the alu-
minum foam could reduce sound pressure levels in the

duct wall of chimney output. If 10 cm thick insulation layer
includes reticulated stainless steel plates, refractory fab-
ric, and closed-cell aluminum foam (thickness of 1cm and
porosity of 90%); then, we will have at least an 8 dB reduc-
tion in the noise pollution. As aluminum foam is much
more resistant than rock wool and has a higher strength
against thermal stress and less environmental pollution;
thus it can be a very good alternative to rock wool.
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Figure 9. Results of SPL measurements at all locations around turbine of the similar power plant at the frequencies of 20 - 8000 Hz
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