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Abstract. The finite element model of diesel engine muffler is established, the noise reduction
function of the muffler is studied and tested, the distribution cloud diagram of sound pressure level
inside the muffler is calculated, the sound fields at various frequencies are plotted. The change of
sound pressure level inside the muffler is tested. After processing, the line spectrum and octave band
results of the transmission loss of the muffler are obtained. The acoustic performance of the muffler
can be quantitatively determined by synthesizing the results of the sound field distribution and
the transmission loss inside the muftler.

Annomayusa. Co3gaHa KOHEUHO-JIEMEHTHAas MOJENb IIYHIMTENs JAW3EIbHOIO JIBUIaTels,
MCCIIEIOBAHA U MCTIIBITaHA (PYHKIHS IITyMOTIOIaBICHHUS IIYIIUTEIS, pacCUnTaHa 00JaqHast JuarpaMMa
pacnpezeneHusi YpoBHsI 3BYKOBOTO JIaBJICHUS! BHYTPH IVIYLIUTENS, IOCTPOEHBI 3BYKOBBIEC TOJS Ha
Pa3IMYHBIX YacTOTax. TeCTHpOBAIIOCh N3MEHEHUE YPOBHSI 3ByKOBOI'O JIaBJICHUSI BHYTPH DIIYIIATEI.
ITocne 0O6pabOTKM MOTyYeH JUHEWYaThl CHEKTP M Pe3yJbTaThl OKTABHOM IMOJIOCHI MPOITyCKAHUS
DIymuTeNns. AKyCTUYeCKHUE XapaKTePUCTUKU ITYLIUTENsI MOXKHO KOJTMYECTBEHHO OIPENIEIUTh ITyTeEM
CHHTE3a Pe3yJIbTaTOB pacIpeleleHNs 3ByKOBOIO TIOJIS M TOTEPh IIPU Mepejade BHYTPHU DIIYIIUTENS.

Keywords: silencer, cloud diagram of sound pressure level distribution, frequency sound field,
transmission loss.

Knroueswvie cnosa: TIIyHmiuTeIIb, o0OmayHas AuarpaMma pacrupeAcsICHUA YPOBHS 3BYKOBOTO
HAABJICHUA, YaCTOTHOC 3BYKOBOC II0JIC, ITIOTCPS IIE€pCaAavn.

Diesel engine is widely used in daily life. Silencers play an important role in noise reduction of
diesel engines. In order to accurately analyze the acoustic performance of diesel engine exhaust
muftler, the finite element software is used to simulate the muffler in the acoustic frequency domain,
and the transmission loss is used to evaluate the acoustic performance of the muftler, so as to realize
the low-noise design of the generator set.

Silencer Design Parameters
(1) Analysis of spectrum characteristics of noise sources
Use professional noise testing equipment to test the overall radiated noise of the engine. The
layout of main measuring points is shown in Figure 1. Measuring points 8 and 9 are arranged at the
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engine exhaust port for exhaust noise measurement. The measurement results of exhaust noise are
shown in Figure 2.
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Figure 1. Radiated Noise Test of Engine

The spectrum measurement results of exhaust noise are shown in Figure 2. According to the
analysis of the measurement results, the maximum exhaust noise is about 80 dB (A), and the noise
amplitude is above 70 dB (A) in the frequency range of 500-4000 Hz. The noise amplitude in other
frequency bands is low.
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Figure 2. Measurement Results of Exhaust Noise Spectrum

(2) Design silencer parameters

In order to effectively control the impact of engine exhaust noise on the overall radiated noise,
the most effective method is to install a muffler. According to the exhaust noise characteristics, the
exhaust muffler is designed as a multi chamber resistant muffler.

The three-dimensional model of muffler is shown in Figure 3. The upper connection port in the
figure is the air inlet, which is connected with the engine exhaust pipe. The air inlet pipe and the air
outlet pipe are provided with perforated endotracheal tubes, and the interior of the chamber is
separated into two noise elimination chambers by a perforated plate [1-4].
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(a) Overall model of muffler (b) Internal structure of muffler

Figure 3. Three-dimensional model of muffler

Acoustic Finite Element Modeling and Simulation of Muffler
(1) Pretreatment of simulation model
The boundary conditions of hard sound field are generally used in muffler simulation, so the
fluid domain inside the muffler needs to be filled to obtain the internal fluid domain model. Due to
the large influence of grid accuracy in the simulation, the model needs to be simplified. The simplified
muffler model is shown in Figure 4. The inlet and outlet planes are set in the software, and the Fill
command is selected to fill the interior of the muffler. The fluid domain model is shown in Figure 5.

N

Figure 4. Simplified Model of Silencer Figure 5. Fluid Domain Model in
Silencer

(2) Acoustic gridding
In the software pressure acoustic module, the fluid domain filling model of the muffler is
imported, and the geometric domain of the model is divided. According to the acoustic grid
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requirements, tetrahedral grid and triangular surface grid are adopted for the grid type, and triangular
surface grid is adopted for the internal narrow area and opening area. The joints of each part are
densified to avoid generating too low mass elements. The finite element mesh model of the muffler
is shown in Figure 6.
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Figure 6. Finite Element Mesh Model of Silencer

After the grid is divided, the grid quality distribution map is drawn in the grid tool, and the
analysis shows that the overall unit size of the muffler grid model is controlled below 1mm, the
minimum grid unit size is 0.lmm, the overall quality is good, and there are no low-quality units and
regions.

Simulation Boundary Conditions

1) Boundary condition of sound field

For the solid boundary, that is, the outer wall of the muffler chamber and the pipe, the hard
sound field (wall) boundary condition is used, and the normal velocity imposed on the boundary by
this condition is zero.

2) Import and export boundary

The model uses port boundary conditions to simulate the inlet and outlet of the muftler. The
port type is circular, and the incident excitation is 1Pa.

3) Parameter setting

Plane wave with inlet pressure of 1 Pa, sound velocity ¢c=340 m/s, temperature T=293.15 K,
and frequency calculation range of 50-8000 Hz.

(4) Analysis of simulation results

1) Sound field distribution

After the boundary conditions are set, the distribution cloud diagram of the sound pressure level
inside the muffler is obtained through calculation. The sound field distribution at various frequencies
inside the chamber is shown in the figures in Figure 7.
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Figure 7. Distribution of Sound Field in Silencer

The distribution of sound field inside the muftler is shown in Figure 7. When the calculation
frequency is low, the sound propagation mode inside the muffler is mainly plane wave. With the
increase of frequency, non-plane waves begin to appear inside the muffler. The low-frequency
vanishing effect is good, and the sound pressure level inside the muftler changes obviously. The effect
of high frequency noise reduction is reduced, resulting in a relatively low drop in the outlet sound
pressure level compared with low frequency.

2) Transmission loss

After the result post-processing, the line spectrum and octave band results of the silencer
transmission loss are obtained, as shown in Figure 8, 9.
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Figure 8. Transmission loss of muffler
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Figure 9. Transmission loss of muffler 1/3 octave

As shown in Figure 8 and Figure 9, the overall sound elimination effect of the muftler is good,
and the sound elimination effect is good at about 5000Hz. The peak value of the transmission loss
curve is obvious and the noise elimination frequency band is wide. The maximum value of the
transmission loss is 50dB (A). With the increase of frequency, the noise elimination performance will
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decline after 5000Hz. Analyzing the octave results of transmission loss, it is found that the
transmission loss has a high noise reduction in the 7000Hz frequency band. The overall sound
elimination effect of the muffler is good, which can effectively control the engine exhaust noise, thus
reducing the impact of the overall radiated noise.

Conclusion
Based on the results of sound field distribution and transmission loss in the muffler, the
maximum transmission loss is 34dB (A). The muffler has good acoustic performance and can
effectively control the impact of engine exhaust noise.
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