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Acoustic Analysis and Investigi2tion'®kthe Effect of Diesel-Bioethanol Fuel
Blends on the 1/3 Octave Ban@ Nojse LeWel of a Four-Stroke Diesel Engine

Q

ABSTRACT

the most important harmful physical factors, causing numerous problems for
both the driver and the wor i study investigates the effects of diesel-bioethanol fuel blends and engine speed
on the sound presgure level(SP at the bystander position. The tests were conducted in a controlled environment in
- Acoustic signals were acquired using a sound level meter and analyzed within the 20
3 octave bands. The results indicated, the dominant acoustic peak occurred in the 80 Hz
he engine's combustion frequency (85 Hz at 1700 RPM). The influence of speed on the SPL
ntial than that of fuel composition. An increase in speed resulted in a 2 to 10 dB rise across most
the fuel blend, had a comparatively minor effect (less than 5 dB). The observed frequency
ily attributed to the combustion process, valve operation, and mechanical impacts of engine components.

d of bioethanol had a negligible effect on the overall noise level, detailed frequency analysis revealed
alterations in the engine's acoustic profile. The analysis of variance of the overall sound level with A-weighting, showed that
the main effects of fuel blend and speed, and the interaction effect of the variables speed x different fuel blends on that are
significant at the 1% level, and the engine speed variable had the greatest effect.

center band, which corres|
was signify moig su
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EXTENDED ABSTRACT

Introduction
Although diesel engines are superior to gasoline engines in terms of thermal efficiency and fuel economy, they are
problematic regarding noise pollution. Given the detrimental effects of noise, it is imperative to identify its sources
and mitigate their occurrence as much as possible. Internal combustion engines rank among the most significant
sources of noise in industrial and agricultural settings. Engine noise itself originates from various sources, the most
fundamental of which is combustion noise. The sudden pressure rise from combustion is transmitted to the engine
structure, and the resulting noise propagates through the air. Considering the extensive environmental advantages
and renewability of bioethanol, coupled with the widespread use of diesel tractors in Iranjgn agriculture which
exposes operators to persistent noise, the necessity for comprehensive research in this area i

knowledge gap, aims to provide reliable data to support the developme
fuels in the agricultural sector.

Method
This study investigated the effects of diesel-bioethanol fuRkblend i f i om an MF399 model,
four-stroke, six-cylinder tractor engine were measured and i 1900, 2000, and 2100
rpm) and with seven distinct fuel blends (EO, E2, E4, E6, ES8, Ic microphone, positioned at the standard
auditory location for bystanders, was used to capture the sound ere conducted with four replications. The
ss various frequencies (in Hertz). To adhere to

* Rigorous assessment of the range of influential var
To guarantee the reliability of findings, all
The engine's technical specific
sections.

Result . )

This study analyzes the effeCts of eed and various fuel blends on the octave band spectrum of the sound pressure
level in a four-stigke, six-cyli gine. The findings indicate that heavy engine components such as the crankshaft

ormed under controlled and standardized conditions.
mental design matrix are presented in the subsequent

Furthermore, impacts ing and closing, turbulence in the fuel, oil, and water systems, as well as pump operation,
and noise generation. Among these, the dominant frequencies are primarily associated with

he results of this clearly demonstrate that while the type of diesel-bioethanol fuel blend influences the engine's acoustic
characteristics, rotational speed is the more decisive factor in determining the generated noise level. A change in speed caused
variations of 2 to 10 dB in the sound pressure level across a wide range of frequencies, whereas the effect of the fuel composition
was in most cases less than 5 dB. Furthermore, as the engine speed increased, the number and amplitude of the frequency peaks
rose significantly, a phenomenon attributable to the intensification of combustion events, mechanical impacts from components,
and fluid turbulence. This study confirms that selecting an optimal fuel blend must be done with consideration of the engine's
operational range and rotational speed to achieve a reduction in noise pollution. Additionally, the crucial role of preventive
maintenance—such as the timely replacement of air, fuel, and oil filters—is emphasized as a significant factor in controlling
and mitigating engine noise.
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