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Ultrasound Emulsifying, Synthesis, Imaging
(>20kHz) 5 YF3S 5SuUSOuUA

A Organic pollutants

Cavitation

¢ polycyclic aromatic
hydrocarbon

T:~5000K

s | - A Inorganic pollutants

C arsenic
O, A Disinfection

¢ reduce chemical addition

1))))) = A Desorption

¢ enhanced oll recovery

(Moussatowet al., 2003)
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Typical ultrasonic horn

A Localized cavitation
A Low energy efficiency
T 8-299%%
A Scalingup is very difficult

aContamineet al.,1994; Kimura et al., 1996; Weavers et ¢
2000;Bhirudet al., 2004; Pee, 2008Thangavadivedt al.,
2009.



Objectives -

A Improved horn configuratioq Enhancectavitation

A COMSOL Tool

Transducer

C Piezoelectric material mode
C Linear elastic material model
¢ Pressure acoustics model

Horn

€) (b)

at typical horn; bt designed horn




Design Verification e

Frequency: 20 kHz; Contour: Sound pressure level (dB)
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Experimental Characterization

A Hydrophone Measurements
C a device that can record underwater
soundby receivingpressuresignals

e

Distribution
and

ResonTC4013 Hydrophone TDS 5000 Tektronix oscilloscope Location

A Sonochemiluminescend&CL)

Luminol+ OH Y Pr odu




Experimental Results
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Summary

A More energyemitting surfaces

A Multiple reactive zones
A Higher energy efficiency

A COMSOL

¢ Comparable results
C A reliable design tool

Large
Scale



LargeScale Evaluation e

Frequency: 20 kHz; Contour: Pressure (Pa) , Frequency: 20 kHz; Contour: Pressure (Pa)
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Future Work

A Largevolume reactor

A Flow cell reactor

A Array of designed horns

A Sediment treatment
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Questions?
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Governing Equations

A Piezoelectriomaterial model fotransducer

3 T=c;S—e'E
Stress — charge {D — oS + &E

S=s;S+dE

Strain — ch
rain — charge {D=dT+£TE

A Linear elastic material model for irradiator

—pw*u—V-o=Fye?

A Pressure acoustics model for water

1 9°P
2p



Physical Characterizati@mydrophone
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Typical horn



Energy
P,.= (dT/dHx C,x M

Electrical

: Reaction Emitting Acoustic Power
Ultrasonic  Freq. : :
horn (kHz) ~ power volume area power intensity
input (W)  (mL) (cny) (W) (W cm?)
Designed 20 1000 1250 134 315
Typical = 54 350 50 1.20 66.5
(Branson}
Typical
(Fisher 20 275 60 1.20 25.8
Scientificy

a\Weavers et al., 2000
bPee, 2008

¢ Contamineet al.,1994: Kimura et al., 1996; Weavers et al., 2@8brudet al., 2004;
Pee,2008; Thangavadivett al., 2009.

Power Energy
density efficiency
(WL (%)
252 31.5
1340
430
8 C 29%°



Cavitation

0.4

HTA formation, mvimin™
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1.0 20.0
Initial water temperature, C

bt electricalpower input is 500V

40.0

QuuTA+OH Y HTA

Knor = Kin X (PDy/PDy,) 2

K., T normalized rate¥M min?)

ky, T rate constant for typical hor(>M mirr?)
POy, T power density for designed horn (W’
PD, 1t power density fotypicalhorn (\W

Ultrasonic horn HTA formation
rate (>M min')
Designed 0.36
TypicalSonics &
Materials)® 0.08
Typical (Fisher Scientific 0.18

a\Weavers et al., 2000
bPrice and Lenz, 1993
¢He, 2006



Naphthalene Degradation
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LargeScale Application
A Water tank setup

4 /m Q

I

3 Power Supplier
(Branson BCA 900)

1

o O O

Oscilloscope
(Tektronix TDS 5000)

Diagramof experimental setup for hydrophone measurementpiexiglashox (the depth tangential to horn
tip is definesz = 0;1t Bransorm02R Model transducer;t2serial stepped ultrasonic horny 3Resonr4013
hydrophone; 4 water; 5t plexiglashox)



LargeScale Evaluation
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Hydrophone reading, V

LargeScale Application

3D (left) and contour (right) mapping of hydrophone measuremenpariglagank
6 - plane atz = Ocm)



LargeScale Application

2.0

Hydrophone reading, V

3D (left) and contour (right) mapping of hydrophone measuremenpariglagank
6 - plane atz = +4cm)



LargeScale Application

3D (left) and contour (right) mapping of hydrophone measuremenpariglagank

6 - plane atl ' Yyn OY



