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Prediction of Vehicle Exhaust Noise using 3-Dimensional CFD Analysis
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ABSTRACT

Computational Fluid Dynamics (CFD) analysis was carried out to investigate exhaust gas flow and
acoustic characteristics in the exhaust system of a passenger car. Transient 3-dimensional flow field in
the front and rear mufflers was simulated by CFD and far-field sound pressure was modeled by a simple
monopole source method. Engine performance simulation was also performed to obtain the boundary
condition of instantaneous fluid flow variation at the inlet of the exhaust system. Detailed exhaust gas
flow characteristics such as velocity and pressure distribution inside the mufflers were presented and the
pulsating pressure amplitude was compared at several positions in the exhaust system to deduce sound
pressure level. The present method of the acoustic analysis coupled with CFD techniques would be very
effective for the prediction of sound noise from vehicle exhaust systems although the effects of the inlet
boundary condition and heat transfer on the accuracy of the prediction have to be validated through fur-
ther studies.
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Fig. 2 Configuration of the front muffler
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Specification

. 4-cylinder
Engine type 4-valve DOHC
Displacement (cc) 1,598
Bore x Stroke (mm) 79.0 x 81.5
Compression ratio 95 :1
IVO BTDC (deg) 13
IVC ABDC (deg) 41
EVO BBDC (deg) 43
EVC ATDC (deg) 11
Front muffler volume (1) 5.3
Rear muffler volume (1) 15
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Fig. 5 Comparison of static pressure drop in the ex-
haust system for various flow rates(steady-state
condition with room temperature)
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Fig. 7 Pressure distribution at the A-A’ cross
of the front muffler at 360°(6000RPM)
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Fig. 8 Flow distribution at the B-B’ of Fig. 3(top) and
D-D’(middle), E-E’(bottom) cross sections of
the front muffler at 360°(6000RPM)
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