
Accepted Manuscript

A domain decomposition method for stochastic analysis of acoustic fields
with hybrid and localized uncertainties

Yongzhen Mi, Hui Zheng, Heow Pueh Lee

PII: S0165-2125(18)30217-8
DOI: https://doi.org/10.1016/j.wavemoti.2018.09.006
Reference: WAMOT 2280

To appear in: Wave Motion

Received date : 30 October 2017
Revised date : 26 July 2018
Accepted date : 7 September 2018

Please cite this article as: Y. Mi, et al., A domain decomposition method for stochastic analysis of
acoustic fields with hybrid and localized uncertainties, Wave Motion (2018),
https://doi.org/10.1016/j.wavemoti.2018.09.006

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.wavemoti.2018.09.006


	

	

A	Domain	Decomposition	Method	for	Stochastic	Analysis	of	

Acoustic	Fields	with	Hybrid	and	Localized	Uncertainties	

Yongzhen	Mi1,	Hui	Zheng1,2*,	Heow	Pueh	Lee3	

1.	State	Key	Laboratory	of	Mechanical	System	and	Vibration,	Institute	of	Vibration,	Shock	and	

Noise,	Shanghai	Jiao	Tong	University,	800	Dongchuan	Road,	Shanghai	200240,	China	

2.	Collaborative	Innovation	Center	for	Advanced	Ship	and	Deep‐sea	Exploration	(CISSE),	800	

Dongchuan	Road,	Shanghai	200240,	China	

3.	Department	of	Mechanical	Engineering,	National	University	of	Singapore,	9	Engineering	

Drive	1,	Singapore	117575,	Singapore	

Abstract	

An	 efficient	 domain	 decomposition	 method	 (DDM)	 is	 proposed	 for	 the	

dynamic	 analysis	 of	 stochastic	 acoustic	 fields	 with	 hybrid	 and	 localized	

uncertainties.	The	hybrid	and	localized	uncertainties	refer	to	the	parameters	that	

are	 associated	 with	 local	 properties	 of	 the	 acoustic	 fields	 and	 meanwhile	 are	

subjected	 to	 different	 kinds	 of	 randomness.	 To	 take	 advantage	 of	 the	 locally	

distributed	 feature	of	uncertain	parameters,	 the	 full	acoustic	domain	 is	divided	

into	 several	 sub‐domains,	 along	with	 each	 localized	uncertain	parameter	being	

assigned	 to	 one	 specific	 sub‐domain.	 In	 each	 sub‐domain,	 the	 deterministic	

Helmholtz	equation	 is	 transformed	 to	a	weak	 integral	 form	and	 the	discretized	

governing	equation	is	obtained	by	employing	Chebyshev	orthogonal	polynomials	

as	 admissible	 functions.	 The	 random	 or	 interval	 perturbation	 technique	 is	

applied	 to	 the	 individual	 governing	 equation	 according	 to	 the	 respective	

uncertainty	type,	whereby	the	stochastic	governing	equation	is	established.	The	

original	 acoustic	 field	 is	 eventually	 recovered	 by	 the	 introduction	 of	 penalty	

functions	to	impose	sound	pressure	continuity	on	the	interfaces	of	sub‐domains,	

and	the	(intervals	of)	sound	pressure,	together	with	its	expectation	and	variance,	
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