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. p: number of diametral nodal

surfaces on a pipe

pa D IS the solutions to ‘]'p(kpqai ) =0 g: number of cylinder nodal surfaces

concentric with the axis of a pipe
T
P q pg
1 ] 1.8412
2 ] 3.0542
0 1 38317
3 0 42012
4 0 53175
1 1 53314
5 0 64156
2 1 5.7061
0 2 70156
3 0 7A013
3 1 5.0152
1 2 5.5363

C; Speed of sound in the fluid in the pipe, a.internal radius of pipe
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cut-off frequency

Component (Hz.)

Al OFR1 2956
Al OFP2 2956
Al DOF3 2956
Al ORP4g 2956
Al DOFS 2956
Al OFEB 2956
Als IR 3502
Al IP2Z 3342
Al IP3 2932
Als 1IP4 27049
mnf_pipe p A752
mnf_pipe d A7 56
egr_exh G204
aegr exh2 G204
egr exh3 G204
egr_inlet G002
dpf outpipe 2010
dowvinpipe 2545
exhaust pipe 23711
manifold o290
mixer 2717

Takeaway points: high order acoustic sound propagati
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on above 2.7KHz.

‘



s(f)= 5
p*fa|H? (2’: )

d, Pipe Internal radius

Note: it's only dependent on internal radius:

ear 8

L~ g~




1 #

1.20 |
---—-—-—-—{Scorpion Plumbing Radiation Efficiencies} -

100 L .
e |

0.80

060 ~

040

——AlIS_0OP1
—a— AIS_IP1
mnf_pipe_p

——egr_exh1

—— dpf_outpipe
—— downpipe

exhaust pipe

0.20

—m—Y-Pipe Radiation Efficiency

Takeaway Point: high frequency above 3KHz. Approach tol,;
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ko, kg =k*= % Acoustic Modes
i
(1 — )K= -
I _ pliye St Pipe Modes
vh, = B+ - P
K
B=""T5 K =KZ+K} En—imon——p = Kn " knom—n

L is the pipe length, h is the thickness and a  , 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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Wavenumbers Km. Kx

=—p=7CaUstC madz (1,1
==3coustic maodz (2,0
—s—gcousticmaodz (1,1)

== ztructural mode m,1)
—#—ztructural mode ;m,2}
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{(kpqam)2 * Kf}y2 + MoK, Acoustic Dispersion

(f ) _pa.C (1- M 2)% Cut-off frequency
co/pq
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Cut-off frequency without flow rf M
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N6 =—#—acoustic mode (1,0} without fluw\.\

—B— structural mode {m, 1) \.

-08 1+ == acoustic mode with flow

Wavenumbers Km, Kx

== acoustic made (1,0} withaut flow
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Frequency (Hz.)

Flow makes more coincidences & more sound radiated
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Air Cleaner Box Cover (ACB)
Air Cleaner Box Tray (ACB)

Clean Air Tube (CAT)
Intake Resonators

RH Rocker Cover
RH Cylinder Head

RH TC Up-pipe
Upper Down-pipe
T&L Lower down-pipe

Mixer
Throttle Body
CAC Outlet Pipe

CAC Inlet Pipe

LH TC Up-pipe

Exhaust Manifolds

Intake Y-pipe
LH Rocker Cover
LH Cylinder Head

DOC Inlet Pipe

Charged Air Cooler (CAC

134 subsystems; 408 junctions; 2 acoustic lo@@sdB white noise at turbine

exhaust and compressor @
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Component Model Comparison with Test
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Intake Box Air
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/ dpf outpipe
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