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( ) ( ) ( )txkj
pqppqpq
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( ) ipqpqco ckw =

i

pq
pq a
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k =
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p: number of diametral nodal 
surfaces on a pipe

q: number of cylinder nodal surfaces 
concentric with the axis of a pipe

( )
i

ipq
pqco a

c
f

p

pa

2
=

is the solutions to ( ) 0' =ipqp aJ k

Speed of sound in the fluid in the pipe, ia internal radius of pipe

pqpa
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Takeaway points: high order acoustic sound propagati on above 2.7KHz.
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Note: it’s only dependent on internal radius:

ia Pipe Internal radius
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Takeaway Point: high frequency above 3KHz. Approach to 1 ;
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i
xpq ckk wk Acoustic Modes

Pipe Modes

L is the pipe length, h is the thickness and a m is the pipe mean radius 
m is the number of half structural waves in axial d irection 
n is the number of full structural waves in circumf erential direction
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coincidence

Coincidence is very closer to cut-off frequency

Cut-off frequency
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Acoustic Dispersion( ){ }
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Cut-off frequency
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Cut-off frequency without flow

Cut-off frequency with flow

Complete coincidence

Complete coincidence

Flow makes more coincidences & more sound radiated
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134 subsystems; 408 junctions;   2 acoustic loads:100 dB white noise at turbine 
exhaust and compressor

Charged Air Cooler (CAC)
LH Rocker Cover

Throttle Body

CAC Outlet Pipe

EGR

Air Cleaner Box Cover (ACB)

Mixer

Turbo Charger

Exhaust Manifolds

DOC Inlet Pipe

Intake Resonators

CAC Inlet Pipe

TC Upper Down-pipe
EGR Outlet Pipe

EGR Inlet Pipe

RH Cylinder Head

Air Cleaner Box Tray (ACB)

Clean Air Tube (CAT)

Intake Y-pipe

TC Lower down-pipe

RH TC Up-pipe

LH TC Up-pipe

RH Rocker Cover

LH Cylinder Head
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Component Model Comparison with Test
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Mixer

Exhaust Pipe

dpf outpipe

Intake Box Air

2KHz.
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