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ObjectivesObjectives
Investigate 3D effects of internal wave (IW) on 
the broadband acoustic propagation:

 Azimuthal dependency of the field due Azimuthal dependency of the field due 
to IW propagation.to IW propagation.

 Study different regimes of propagation: Study different regimes of propagation: 
adiabatic, horizontal refraction, mode adiabatic, horizontal refraction, mode 
coupling, and the transitions between coupling, and the transitions between 
themthem



BackgroundBackground
 Oceanographic observations of shallow water Oceanographic observations of shallow water 

internal waves [Zhou internal waves [Zhou et al.et al. (1991), Rubenstein  (1991), Rubenstein 
et al.et al. (1991), Rubenstein (1999)].  (1991), Rubenstein (1999)]. 

 SWARM95 observation of acoustic effects SWARM95 observation of acoustic effects 
[Badiey [Badiey et al.et al. ( 2002)]. ( 2002)].

 Theoretical explanation and hypothesis Theoretical explanation and hypothesis 
[Badiey [Badiey et al.et al. JASA 117(2), 2005 and JASA  JASA 117(2), 2005 and JASA 
122(2), 2007].122(2), 2007].



ExperimentExperiment WaveguideWaveguide Internal Internal 
solitonssolitons

SignalSignal ResultsResults
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Shark VHLAShark VHLA

 Vertical linear array (VLA)
    16 hydrophones
    3.5 m spacing
    64 m of vertical aperture

• Horizontal linear array (HLA)
    32 hydrophones
    15 m spacing
    478 m of horizontal aperture



Previous studyPrevious study
 Before & During IW eventBefore & During IW event



IW reconstructionIW reconstruction
 Radar imageRadar image
 Interpolation using Interpolation using 

thermistor farm recordthermistor farm record

R/V Sharp radar

R/V Oceanous radar

Thermistor farm

R/V Sharp radar

R/V Oceanous radar

Thermistor farm



Zone 1

Zone 2

Zone 3
Zone 4Zone 5

Shark array



Received Signal on VLAReceived Signal on VLA
  21:11 -21:29 (no IW)21:11 -21:29 (no IW)

Depth = 69.75 mDepth = 47.25 mDepth = 39.75 mDepth = 28.50 m



Depth = 69.75 mDepth = 47.25 mDepth = 39.75 mDepth = 28.50 m

21:41 -21:59  (angle <521:41 -21:59  (angle <5oo))



Depth = 69.75 mDepth = 47.25 mDepth = 39.75 mDepth = 28.50 m

22:41 -22:59 (angle = 1522:41 -22:59 (angle = 15o o - 27- 27o o ))



Acoustic wave propagation mechanisms governed by the direction 
of acoustic track relative to the internal wave front. 

Preliminary analysis of acoustic dataPreliminary analysis of acoustic data



Angular distribution of acoustic Angular distribution of acoustic 
intensityintensity
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Zone 3

Zone 4

Zone 5



Zone 1 Zone 2 Zone 3



Zone 4 Zone 5
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SummarySummary

 New data set is analyzed from a moving New data set is analyzed from a moving 
source to chase the IW for depicting source to chase the IW for depicting 
refractionrefraction

 Appearance of the unexpected intensity Appearance of the unexpected intensity 
fluctuation can be related to the fluctuation can be related to the 
redistribution of sound field in the redistribution of sound field in the 
horizontal planehorizontal plane

 The redistribution is very sensitive to the The redistribution is very sensitive to the 
position of the source with respect to IW position of the source with respect to IW 
and the shape of IW front and the shape of IW front 


