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The sound energy flow in the air  
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How the sound is born ? 

Sources of noise: 
 

Aerodynamic flow 

Aeroacoustics flow  

Fluid structure interactions 

Impact and explosions (shock waves) 
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Noise and Vortex Sound Theory 

Mean flow  
U 

a. b. 

e. 

. 
f. 

c. 

Vortex-dynamic description in accordance with   Vortex Sound Theory 

g. 

d. 
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Energetic value of acoustic flow 
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Acoustic particle velocity   -  v  

Sound intensity                   -   I     (I  = p • v ) 

Acoustic impedance           -   z    (z  = p/ v , z0 = ρ0c) 

Acoustic energy                  -   E   (E  = ½ p2/ ρ0c
2 + ½ ρ0 v

2 ) 



7 

Energetic value of acoustic flow 
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Acoustic particle velocity   -  v  

Sound intensity                   -   I     (I  = p • v ) 

Acoustic impedance           -   z    (z  = p/ v , z0 = ρ0c) 

Acoustic energy                  -   E   (E  = ½ p2/ ρ0c
2 + ½ ρ0 v

2 ) 

1) 

2) 

3) 

4) 

5) 

vx (rx, t) =  vo     va  (rx, t) 

vy (ry, t) =  vo     va (ry, t) 

vz (rz, t) =  vo     va (rz, t) 

 p (r, t)  =  po     pa (r, t) 

  (r, t)  =  o     a  (r, t) 

Five basic flow equations: 
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Numerical techniques for flow dynamics  

Laminar flows Disturbed flows 

C F D 
Computational Fluid Dynamics 

F S I 
Fluid Structure Interactions 

C A A 
Computational Aero-Acoustics 
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Sound Intensity measurement techniques (1989) 
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Physics of musical instruments          sound genesis  
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) t ( v ) t ( p ) t ( i 
r r 

= 

 

 v(t)              p(t)  

Sound intensity is an inseparable combination of the two parameters of 

acoustic waves: acoustic particle velocity  v  and acoustic pressure  p  

The sound energy flow in the air  

Sound intensity "I", as a stream of acoustic energy 

expressed in terms of :  

The value of the instantaneous sound intensity (W/m2)  

v<<c ! 
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Sound intensity  p-p  transducer 

M1                                                       

M2 

 
 r 
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Euler's equation  

i x xI ( t ) u ( t ) p ( t )= 

TU Delft  Seminar Maritime Technology of KIVI and SNAME, 3 April 2014 



13 

Different type of Sound Intensity transducers  
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Two microphones probe „p-p” t. 50AI-A 

     Probe Microflown type PU                   Probe Microflown 3D type USP  

      Probe „p-v”  type  NE-216 

 

p 

vx 
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Subminiature 3D  sound intensity probe 

 

Head  (5 x 5 x 5) mm3 

vx ,  vy ,  vz 

p 

Intensity components: 

   Ix= vx  p 

   Iy= vy  p 

   Iz= vz  p 

 

3D SI probe  

‘Microflown”  t. USP 
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Disadvantages of sound intensity probe 

 

Head  (5 x 5 x 5) mm3 

vx ,  vy ,  vz 

p 
3D SI probe  

‘Microflown”  t. USP 

Intensity components: 

   Ix= vx  p 

   Iy= vy  p 

   Iz= vz  p 

 

DISADVANTAGES: 
 

      -  probe placed in the flow sound field interferes with the source field 

           („probe contamination effect”, especially at high frequencies), 
 

      -  minimum distance of the probe geometric center from the obstacle area 

         is limited  to about  3.5 mm (head  r = 2.5 mm + 1 mm). 
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Mapping of acoustic vector fields with: 
 

Sound Intensity Method 

(Experimental examples)  
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1989   2005 

Development of SI research and flow image  

Progress in the study and acoustical imaging 
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Sound intensity postprocessing – „SIWin” 
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Mapping of vector acoustic fields with sound intensity 

Floating wave  

Intensity Map 

Streamlines Isosurface 

Vectors 

 

According to own software  „SIWin” 
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Vector field distribution (3D) around the plate 

2440 Hz 

1250 Hz 

84,4  dB 

1090 Hz 

73,3  dB 

1727 Hz 2900 Hz 1600 Hz 

866 Hz 971 Hz 

The shape of wave 

Intensity streamlines 

Intensity isosorface 

1250 Hz 

84,4  dB 

1090 Hz 

73,3  dB 

1250 Hz 

84,6  dB 

2440 Hz 

TU Delft  Seminar Maritime Technology of KIVI and SNAME, 3 April 2014 



21 

Intensity streamlines before rectangular plate 

1/12 octave                              686 Hz                                                                             869 Hz 

Only the half of the measure space is shown 
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The shape of wave - animation 

Acoustic wave in shadow area beyond the plate 

TU Delft  Seminar Maritime Technology of KIVI and SNAME, 3 April 2014 



23 

Sound intensity isosurface - animation 

Sound intensity isosufrace around the plate  - 1250 Hz,  84,6  dB 
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Sound intensity streamlines - animation 

Sound intensity streamlines around left/down corrner of plate 
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Mapping of noise on shipboard 

 with  

Sound Intensity Method 
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Noise transport to the interior of ship accommodations 

SPL 

Noise energy transport from ship sources 

Structureborne noise 

Airborne noise 

Acoustic radiation 

TU Delft  Seminar Maritime Technology of KIVI and SNAME, 3 April 2014 



27 

Muck-up ships superstructure 

    

  

Lover deck                                                                   Uper deck 

Exciter 

Cab. 1       Cab. 2        Cab. 3        Cab. 4 
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Structureborne noise excitation „on board” 
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R’ = Lp1 – Lp2 + 10log S/A       [dB] 

 

 S   – bulkhed surface,   [m2]  

 A  –  total room absorption,   [m2] ,  A = 0,161 V/T                  

Measurement of  TL  with flanking effects of cabin bulkhead 

R’ = Lp1 – LI  + 6      [dB] 
 

 LI  – sound intensity level,     [W/m2] 

                   

Lp1 

 

          Source room                                                    Receiving room 

LI 

Transmission loss measurement method 

Lp2 
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Noise radiation by the cabin partitions 

 

 

SI probe 

type. „p–v” 

1. 

3D „Microflown” probe 
3. 

 

 

Rys.3.5. Dwumikrofonowa sonda natężeniowa typu 3520 z mikrofonami ½ cala i 

dystansownikiem 5 mm 

 

SI probe t. „p–p” 2. 
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Subminiature 3D sound intensity probe 

 

Head  ( 5 x 5 x 5 ) mm 

vx ,  vy ,  vz 

p 
„Microflown” 

t. USP 

Intensity 

Components: 

Ix= vx  p 

Iy= vy  p 

Iz= vz  p 
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Noise radiation by the cabin wall 

Ix 

Iy 

Iz 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 

1 

2 

3 
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8 

9 

10 

11 

12 

13 
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Ix 

Iy 

Iz 
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Noise energy flow through the bulkhead  

50 Hz 315 Hz 

96.7
94.9
93.1
91.3
89.6
87.8
86.0
84.2
82.4
80.6
78.8
77.1
75.3
73.5
71.7
69.9
68.1
66.4
64.6
62.8
61.0

I [dB]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1

2

3

4

5

6

7

8

9
XY5  1600 Hz

4 m 

2,2 m  

Cabin bulkhed 

I  [dB] 
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  50  Hz 

 Noise radiation by the „floating floor” 

Construction of ships 

Floating Floor 
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Noise flow through the cabin door 
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Noise radiation by the cabin window 
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Acoustic niche effects 

  

Acoustic radiation   
from window pane 

  

CABIN INSIDE   SPL 

  
Edge radiation 

  

Radiation from buldheads   

Radiation from steel board 
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Noise radiation by the cabin window 
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Intensity distributions on the ship cabin partitions 
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Noise radiation by the cabin wall with 2 windows 

1600 Hz 

2500 Hz 

3150 Hz 
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Intensity field (streamlines) in the crew cabin 

 125 Hz 
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Mapping of noise with laser 

techniques: 
 

1. Particle Image Velocimetry, PIV 

2. Laser Doppler Anemometry, LDA  
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PIV and LDA laboratory 

 

 

PIV system – LaVision Gmbh 

  Nd:YAG Double-Pulse Laser 
       2 x 325 mJ, 532 nm, 15 Hz 
       Sheet Forming Optics (50 x 50mm) 

• Imager Pro X 4M CCD Cameras  (4)  

       2048 x 2048 p., 7,4 µm, 14 Bit, 14f/s, 
       Schaimpflung mounts (4) 

• Calibration Kits (50 x 50, 33 x 300 mm) 

• 3D Trawerse Unit (1m x 1m,x 1m) 

• Aerosol Generator (DEHS) 

• Computer System with software: DaVis v. 8.11, 

         2D, 3D Stereoscopic PIV, 3D3C Tomo PIV 

 

LDA system – Artium (USA) 

• Two Diode Pumped Laser (DPSS) 

       300 mW- green, 300 mW- yelow 

• 2D Transceiver system t. LDV-200 TR 

• Advans Signal Analyzer 

• Automated Instrument Menagment System 

• Spinning Calibrator Device 

• 3D Trawerse Unit (0,9m x 0,9m x 0,9m) 

• Aerosol Generator (DEHS) 

• Computer System and software 
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Acoustic flow inside a square waveguide 

Image of acoustyic standing wave inside a square duct 

Loudspeaker 

    Round tube 

Square 

waveguide 

Acoustyic flow field around a outlet of circular tube 

 

1 m/s 

 

 

 

1 m/s 

 

 

Phase relation of acoustic flow outside a tube (700 Hz) 

Seeding particle flow in laser light 
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Circular disk: 

diameter   - 120 mm 

thickness  -  1.2 mm 

hole          -   38 mm  

Waveguide: 

square          - 150 x 150 mm 

length           -           750 mm 

active signal -  tone, 530 Hz 

Acoustic flow inside a square waveguide 
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CONCLUSIONS 

45 

The sound intensity analysis for 3D vector fields 

formed in real crew cabin, can to see the normally 

invisible effects of shipboard noise.  
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formed in real crew cabin, can to see the normally 

invisible effects of shipboard noise.  

With „Seeing the Invisible” acoustics wave we can 

easily make contact with the designers and engineers 

who should be implemented technically noise 

abatement on ships.  
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CONCLUSIONS 

45 

The sound intensity analysis for 3D vector fields 

formed in real crew cabin, can to see the normally 

invisible effects of shipboard noise.  

With „Seeing the Invisible” acoustics wave we can 

easily make contact with the designers and engineers 

who should be implemented technically noise 

abatement on ships.  

Our innovative methods of acoustic research with a SI, 

A-PIV, A-LDA  measurements significantly expanded 

all the acoustic diagnostic systems using for ships 

machines and equipment. 
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Summing up our research possibilities  … 
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Looking for RESEARCH PARTNERS … 

International EU Project (HORISON 2020) 

                    ERA-NET/MARTEC II,  Call 2014 

                 „New experimental techniques to optimal 

               reducing noise on ships and offshore platforms”  

Maritime Technologies

MARTEC
ERA NET-
Maritime Technologies

MARTEC
ERA NET-
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