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Acoustical Performance Analysis of the Simple Expansion Chamber by using CFD
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ABSTRACT

This paper discusses the acoustic performance of simple expansion chamber using computational fluid
dynamics(CFD). The CFD model consists of an axisymmetric grid with a single period sinusoid of acceptable
amplitude and duration imposed at the inlet boundary condition. The time history of the static pressure is recorded at
two points, one in the inlet pipe and one point in outlet pipe. The time history of the static pressure is converted to
the frequency domain using Fourier Transform and the transmission loss (TL) of the muffler is obtained from the
ratio of the static pressure at the inlet and outlet pipe. The transmission loss of CFD result is compared with that of
the computational acoustic analysis using the boundary element method (BEM). There are some differences in two
results due to the pressure drop according to the inlet and outlet pipe length. Therefore, the effects of the pressure
drop to the transmission loss have to be considered.
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Figure 1 Simple expansion chamber
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3.1 CFD Solver & ZH =71

CFD&I4S 9l g AZEY0IQl Fluent 6.1 A&}

A}, siAe Y3 solvers S # 13 Zo| unsteady,
axisymmetric, segregated implicit solver® ARE&}IT]

Table 1 CFD Solver

solver segregated implicit
space axisymmetric
time unsteady

unsteady formulation 2" order implicit

C& YA
L2

—e Wi ZES AREEglon A8 fA9
density, momentum, energy, turbulence kinetic energy
o thale] 32Fe] monotone upstream centered scheme
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pressure outlet®® #-g3}3t}

Table 2 properties of the working fluid

Variable Value
Working fluid Air (ideal gas)
Mean pressure 101325 pa
Mean temperature 300 K
Viscosity 1.794e-5 Kg/ms
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Figure 2 CFD model of the simple expansion
chamber
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Figure 3 Static pressure at inlet and outlet
monitoring point
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Figure 4 TL of the simple expansion chamber
calculated from numerical results of different length of
inlet and outlet pipe (— I;» ,=10m L, 1,=20m )
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Figure 5 Uniform duct model
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Figure 6 TL of uniform duct calculated from different
length of inlet and outlet pipe
(— I, 1,=10m l;, 1,=20m )
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Figure 7 TL obtained by removing pressure drop
effect (Fig. 6) from CFD results (Fig. 4)
(— 1, 1,=10m and - 1;, 1,=20m )
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Figure 8 Comparison of TL between the results of
SYSNOISE and Fig. 7
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Figure 9 Duct model for a analysis of the pressure
drop
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(b) TL according to frequency

Figure 10 Transmission loss of uniform duct
according to the location of the monitoring points
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