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The sound energy flow in the air
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How the sound iIs 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

Vortex-dynamic description in accordance with Vortex Sound Theory
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Energetic value of acoustic flow

® Acoustic particle velocity - v

® Sound intensity -1 (I=p-v)

® Acoustic impedance - 2 (z =plv, z5=pC)

® Acoustic energy - E (E =Y p? p,c2+ Y2 pyv?)
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Energetic value of acoustic flow

® Acoustic particle velocity - v

® Sound intensity -1 (I=p-v)
® Acoustic impedance - 2 (z =plv, z5=pC)
® Acoustic energy - E (E =Y p? p,c2+ Y2 pyv?)

Five basic flow equations:

Vo (o) = Vv, £ VvV, (r,t) 1)
vy (ry, )=v, £ Va(ry, t) 2)
V,(r,t)= v, £ v, (r, 1 3)
Pt =P, £ Pt 4)
prt)y =p, £ p, (1) 5)
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Numerical technigues for flow dynamics

CFD

Computational Fluid Dynamics

FSI

Fluid Structure Interactions

CAA

Computational Aero-Acoustics

Laminar flows Disturbed flows
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Sound Intensity measurement techniques (1989)
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Physics of musical instruments =) sound genesis

--l-mm:iﬂ~
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The sound energy flow in the air

Sound intensity "I", as a stream of acoustic energy
expressed in terms of :

[ —

i(t)=p(t)v(t)

The value of the instantaneous sound intensity (W/m?)

v<<c !

Sound intensity is an inseparable combination of the two parameters of

acoustic waves: acoustic particle velocity v and acoustic pressure p
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Sound intensity p-p transducer

0
* + : ) *
y A\
= =
uler's equation 1
Fulers equat ux(t>=—aj(pz<t)—pl<t))dt
Zt_u _ _% grad(p) p, (t)=(p.(t) + p,(1))/2
(1) =u,(t)- p,(t)
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Different type of Sound Intensity transducers

Two microphones probe ,,p-p” t. 50AI-A Probe ,,p-v” type NE-216

Probe Microflown type PU Probe Microflown 3D type USP
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Subminiature 3D sound intensity probe

3D Sl probe
‘Microflown” t. USP

Intensity components:
L= vy P
ly=vy p
I=v, p
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Disadvantages of sound intensity probe

3D Sl probe
‘Microflown” t. USP

Intensity components:
L=V, P
ly=vy p
l=v, 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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Development of Sl research and flow image

Progress in the study and acoustical imaging

SOUND ROZPLYW ENERGII
 INTENSITY AKUSTYCZNYCH ZRODEL

RZECZYWISTYCH
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Sound intensity postprocessing — ,SIWin”
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Mapping of vector acoustic fields with sound intensity

According to own software ,,SIWin”

Vectors

| Floating wave
Streamlines Isosurface

S
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Vector field distribution (3D) around the plate

The shape of wave

Intensity isosorface

1250 Hz ? ™~ 3 1090 Hz 1250 Hz
84,6 dB g 73,3 dB 84,4 dB




Intensity streamlines before rectangular plate

1/12 octave 686 Hz 869 Hz

Only the half of the measure space is shown



2

‘ The shape of wave - animation

o+1+—

Acoustic wave in shadow area beyond the plate




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




Mapping of noise on shipboard
with
Sound Intensity Method
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Noise transport to the interior of ship accommodations

Noise energy transport from ship sources
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Muck-up ships superstructure

Uper deck

Cab. 1 Cab. 2 Cab. 3 Cab. 4 %

LU =
?FZQ OO0Q —
mimm

:%MQEHJW =
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Structureborne noise excitation ,on board”
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Transmission loss measurement method

Measurement of TL with flanking effects of cabin bulkhead

= T = = = = T = = | = =

[

Lp1 L|

@ // /

) /

5 TR T T R 7 7 P A TR 7
/ . .
Source roonm/ Receiving roo

R =Ly, -Ly+10logS/A (B

S —bulkhed surface, [m?]
A - total room absorption, [m?], A =0,161V/T

R=L,-L +6 [dB]

L, —sound intensity level, [W/m?]
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Noise radiation by the cabin partitions

Sl probe
type. ,p
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Subminiature 3D sound intensity probe

Intensity
Components:

L=V, p
Iy: Vy P
=V, p
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Noise radiation by the cabin wall
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‘ Noise energy flow through the bulkhead

C

Cabin bulkhed

| [dB]

315 Hz

50 Hz




floating floor”

Noise radiation by the
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Construction of ships

Floating Floor
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" Noise flow through the cabin door




Noise radiation by the cabin window

Radiation from steel board =]

CABIN INSIDE SPL “

Acoustic niche effects

Acoustic radiation
from window pane

Edge radiation

o

Radiation from buldheads
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.

v Noise radiation by the cabin window




Intensity distributions on the ship cabin partitions
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' Noise radiation by the cabin wall with 2 windows

C-

1600 Hz




Intensity field (sfreamlines) in the crew cabin




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
2x325mJ, 532 nm, 15 Hz
Sheet Forming Optics (50 x 50mm)

* Imager Pro X 4M CCD Cameras (4)

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

» Calibration Kits (50 x 50, 33 x 300 mm)
» 3D Trawerse Unit (Im 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

[
vl

Seeding particle flow in laser light

I
v
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Acoustic flow inside a square waveguide

Circular disk: Wavequide:

diameter - 120 mm square - 150 x 150 mm
thickness - 1.2 mm length - 750 mm
hole - 38 mm active signal - tone, 530 Hz
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CONCLUSIONS

o 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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CONCLUSIONS

o 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.
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CONCLUSIONS

o 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 Sl,
A-PIV, A-LDA measurements significantly expanded
all the acoustic diagnostic systems using for ships
machines and equipment.
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THANK YOU
FOR YOUR ATTENTION !
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Summing up our research possibilities ...

New experimental techniques to optimal research

at reducing noise on ships and offshore platforms.
Ship design and investigation equipment for crew protection against noise

APPLIED VIBROACOUSTICS DEPARTMENT

Research activity
‘W\R“ TEC

SHIP ACOUSTICS LABORATORY

ACOUSTIC RESEARCH USING SOUND INTENSITY (SI) MEASUREMENT
The appiled research technique s the vector dsTibution analysls of 3coustc Nelds generated by

Stefan Weyna,
Appiled Dep., West University of . Poiand, edqupl

research and In CONAItONS USING 3 new Method Tor analysis of the acoustics wave flow
a5 Me acoustic energy of noise fiux In the real sound fleid. To the study of the wave acoustics 3 3 ’ - - 2
oW, OWn pOs-processing program caled “SIWIN® Is used. The dstibution acoustic Neid s Investigations on natural size ship cabins end equipment

presented graphically on the 20 piane of In 3D space as a sound Intenslty Maps, ACOUSIC under real dynamic excitation

energy flux Ines, shapes of the Yaveling acoustic wave or as 3 spatal distroution of intensity = bythe oy o

Based 0N Me Measurament G3ta we IS0 Can Create ANIM3NONS Of e ACIUAI TOME  gq  weve shave, smemiras wne renaty Sometace with emphasis on -

of wave moton. N

P ':*m m":‘”z' e "“;‘H‘":"‘“’“ o "‘:"""P‘“ e stapes ’m "’w‘;\*«"‘: et '“:;m « vibroacoustic investigation in dynamic conditions (testing technology and

VIoUaRZa10n & the fiow of evente I The acOUSIC wave He flows I Tuid mechanics, Tne new testng metiods Improve and deveiop modem construction) for the natural size ship cabin built inside a mock-up superstructure,
OHiIning the Chke f M ks Tt the loe Sarits o the woriprate. They st R & CAia bMpertance I e vataton of « vibroacoustic characteristics for separate natural size cabin partitions (bulkheads,
computer SiTuAations, which often Gfer SigrFcantly rom re6ults fecorded In the real machinery work conditions ceilings and floors) or walls with windows and doors : structure bome and air
SOUND INTENSITY AND LASER ANEMOMETRY IN SHIP ACOUSTICS RESEARCH bome transmission loss (with flanking transmission),

Drect measurements of sound Intensity feprecenting the flow of energy In sound Sields has revoluionised acoustical metroiogy. It Is now » characteristics of: insertion loss, sound radiation efficiency, velocity level
possibie 10 measure the sound power output of Individual noise Sources of all forMms and sizes In their operationa environments. In-situ = 5 ( 2 J

measurements can be achieved even when SOUICes Operate In the presence of Other comparable POWErs, 3 PrOCESS IMpossibie with difference factor, impact sound insulation factor, etc.

classical methods. Based on the research with n&m& and using selected ;m m‘”" we can wsﬁfﬁ? * measurements of vibration and noise level of ship mechanism and noise inside

ship accommodations (structurebome and airbome noise with flanking
transmission), measured on board or during trial trip,

« measurements of acoustic power radiated by cabin partitions using Sound Intensity
Method, with mapping of spatial intensity vector distribution and with visualization
of acoustic energy streamlines paths.

Al acoustic parameters are measured according to International Standards (IMO, I1SO,

NORDTEST efc.) or - since no international standard exist - according to a method
developed by our Applied Vibroacoustic Dept.

Latoretory (e) e of the cmban wal (B by foor ()
For the purpose of ship pipe Installation nolse research we aiso use the Laser Anenometry Technique. The most widely applied laser APPLICAT.ION OF HSI = MEASUREMENT
ook (o LIy Bl O Dose et Mave bt Ubed b e AscmeEnent of Verhre oom TeAOL Lases unety e & e » direct determination of sound power of sources,
m;ﬂw:‘: mmfm the mn-rm-ﬂ;: mm'u wm gm T:MWM m '*m“ « measurement of sound energy transmission through partitions,
e e e T eie Sms s b s B e b Dol e oot o S v e Geeemteol Corme S Aomea oAl « identification and location of different acoustic sources; main and local (vectors

Dymnu(cro)z:’gcmmunmmu[ CAA) models. field distributions),

* noise control and measurement of transmission loss, sound absorption, specific
acoustic impedance, etc.,

« measurement and graphical presentation of the sound energy flow in near and far
acoustic fields,

« graphically mapping scattering, interference or reflected acoustic waves in real
environmental fields,

« experimental study of power flow vector fields inside and outlet of the acoustic
ducts

Latsormeory of Acoustic ¥ (I and LDA) wnt of acoustc fow n duct

owpmposeapmgramsmmmmmetomwmmdmmgemmwmmmm
turbo-machinery, pum, mﬂmwmamps&mes[mvmsynms]wbwmmmmmammm
»lnmmawumanmmm 1358r 3C0USHICS ANEMOMery 3 large roje In the analysis of the results piays a
graphical visualization of the test results. For this purpose for post-processing analysis e SIWIN own program, LaVision — FlowhMaster, proper End -
orthogonal decomposition (POD) and Tecpiot wal be used. nd-users:

- shipyards (shipbuildings or maintenances) and design offices,
We have extensive experience In ressarch on ships and well equipped laboratory with sst of sound intensity and laser anemometry S die B
systems. We are well prepared i conduct ressarch of nolse abatement on ships and offshors platforms using thess Innovative - shipping institutions,
measurement techniques. - research institutions.
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Looking for RESEARCH PARTNERS ...

European
Research
Area

ERA-NET/MARTEC Il, Call 2014

,New experimental techniques to optimal

reducing noise on ships and offshore platforms”
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