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ABSTRACT

An acoustical shape optimization problem is formulated for optimal design of a perforated reactive

muffler with offset inlet/outlet.

The mean transmission loss value in a target frequency range is

maximized for an allowed pressure drop value between an inlet and an outlet. Partitions in the

chamber are divided into several sub-partitions, whose lengths are selected as design variables. Each

sub-partition has the same number of holes, whose sizes are equal. A finite element model is em-

ployed for acoustical and flow analyses. A gradient-based optimization algorithm is used to obtain an

optimal muffler. The acoustical and fluidic characteristics of the optimal muffler are compared with

those of a reference muffler. Validation experiment is carried out to support the effectiveness of our

suggested method.
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Fig. 2 Transmission loss curve of the muffler in Fig. 1

Fig. 3 Perforated plate muffler with offset inlet/outlet
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Table 1 Geometry dimensions and material properties

Symbol Value Symbol Value
hi(mm) 40 ho(mm) 200
h3(mm) 140 ha(mm) 40
d(mm) 500 r(mm) 3
n 8 m 3
p(kg/m’) 1.204 Jt(N-s/m?) 1.82-10°
c(m/s) 3433 APYPPE" (Pa) 431.994
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Fig. 8 Optimized muffler

Table 2 Optimized values of the design variable

(unit : mm)
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17 Iy

55 63

39 39

39 39

39 35

Table 3 Comparison of optimized results with/without
pressure drop in Eq. (8b)

Reference |Optimized muffler| Optimized muffler
muffler with AP without AP
TLnean | 2.08 dB 25.59 dB 28.65 dB
AP 275.15 Pa 420.47 Pa 464.51 Pa
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Fig. 9 Transmission loss curves of the optimized

muffler and the reference muffler
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Fig. 10 Comparison of streamlines of the reference
muffler and the optimized mufflers Fig. 11 Acoustic pressure distribution at 700 Hz
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(b) Acrylic muffler made for experiment

Fig. 12 Three-dimensional optimized mufflers
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