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Power Ultrasound

Mechanical waves (20 — 100 kHz) traveling in a liquid

Direction of
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Ultrasonic Field

A. Non-focused ultrasonic plane waves

wavefront
X(t)= Acos(2zft + ¢,)
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p(x, t)= p.e cos(kx — Ct)t)

B. Piston source: can be treated as a plane wave in the “far-field” region
Ultrasonic beam

I a T When a>> A and x > a?/) (far-field), within the
------------------------ :: Beam, the acoustic pressure can be approximated
+ by x(t) and p(x,t)

C. Spherical ultrasonic waves

o(rt) = Eei(kr _ot)
"
Non-uniformity

The wavelength in water at 20 kHz is about 75 millimeters

Hao Feng, University of lllinois at Urbana-Champaign



ssinusoidal acoustic pressure boundary
Complicated standing wave pattern

*4-node linear acoustic tetrahedron

*Abaqus
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Ultrasonic Field

Normalized ultrasound intensity distribution

Normalized ultrasound intensity distribution 0.04
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Ultrasound: Way to Success

A.Increase cavitation activity: similar to the HTST (HIST)

B. Improve uniformity



Ultrasound: Way to Success

A.Increase cavitation activity: similar to the HTST (HIST)
B. Improve uniformity

Cavitation \
: threshold
* Localized hot spots Number of <J
- 2000 ‘ cavities :
— 2,000 atm Variable
— Rate: 100 °C/s frequency
e Shock waves ‘

e Chemical effects
— Free radicals, H,0O,

e Liquid jets
e Micro-streaming

External ’
‘ Power of <J pressure
implosion <j
Acoustic

energy ’
Cavitation generated density

physical and chemical activities

Cavitation Activity




Ultrasound: Way to Success

A |Mano-thermo-sonication: cavitation T
-Low pressure: 100-500kPa
-Elevated temperature: 40-70C
-Ultrasound

B | Variable frequency technology: cavitation T; uniformity

—multi-frequency, multimode, modulated (MMM)
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Power Ultrasound Research at Feng Lab

Enzyme Microbial Bioseparation || Surface Extraction/
In/activation || Inactivation Decontamination Bioreaction
— Orange juice |—Shigella —Dry milling —Fresh produce — Soybea.n
hydration
—Listeria — Wet milling —-Biofilms __ Corn fiber
monocytogenes oil
— Tomato —Starch
—Escherichia modification — Homogeniza-
i tion
coli
) —Vegetable



Liquid Food
Processing



Mano-thermo-sonication (MTS) System

Generator: Sonics VC-750 (20 kHz)

PP

Temperature: 50 — 75°C (= 1.0°C)
Pressure: 100-400 kPa (= 2kPa)

| ¢

water bath

. K

ice

sink

TS treated juice

waste bottle
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T

MTS Inactivation
of E. coli K12

The very first
complete date set:

a) Sonication
b) Mano-sonication
c) Thermo-sonication

d) Mano-thermosonication
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Inactivation of E. coli in Apple Cider

Mano-thermo-sonication (MTS): 59C and 400 kPa,
Thermo-sonication (TS): 59C and 100 kPa,
Mano-sonication (MS): 55C and 400 kPa.

Log(N/NO)
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Variable Frequency
Technique




Variable Frequency Technique

Field Distribution Cavitation Activity
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[l§ MMM Technique

A ) Multifrequency B ) Ultrasonic C ) Acoustical D ) Acoustical Load,
Ultrasonic Power Supply Converter Wave-Guide Ultrasonic Reactor,
Mu |t|-frequency, Oscillating Mechanical System
m U Iti m Ode, MMM Ultrasonic Generator

! Power Supply

modulated (MMM)

Ll i
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E ) Acoustic Activity Sensor
(Item B Ultrasonic Converter,
may replace this external sensor)

MMM Ultrasonic System

Uniformly perforated aluminum foil, after 10
sy sec of exposure to MMM ultrasonic vibrations
in a ultrasonic cleaner
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MMM Technique

Multi-frequency,
multimode,
modulated (MMM)
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MMM Technique

Tomato enzyme inactivation with ultrasound

Extracted enzymes

Ultrasound Unit Power density PME Inactivation PG Inactivation
(W/cm?3) Rate Rate

Log(A/AQ)/min/W Log(A/AO0)/min/W
Probe system 2.0 0.11 0.07
2.7 0.06 0.06
4.7 0.02 0.02
MMM reactor 0.1 0.32 0.11

Pectin-methylesterase (PME)

Polygalacturonase (PG)
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MMM Technique

Tomato enzyme inactivation with ultrasound

Tomato slurry

Ultrasound Unit

Power density

PME Inactivation

PG Inactivation

(W/cm3) Rate Rate
Log(A/AQ)/min/W Log(A/AO0)/min/W
Probe system 2.0 0.02 0.02
2.7 0.03 0.03
MMM reactor 0.1 0.17 0.10

Pectin-methylesterase (PME)

Polygalacturonase (PG)
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Surface
Decontamination/
Treatment



Pilot Scale Ultrasonic Washer

T

“Continuous-Flow Bacterial Disinfection of Fruits,
Vegetables, Fresh-Cut Produce and Leafy Greens
Using High-Intensity Ultrasound”. #61/245,382.
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J§ Cavitation Activity

The distribution and strength of ultrasound across ultrasonic
washing channel

Position 0o 1 3 6 9 11 12

(inches)
Channel

\ 4

1 inch 3 inches 6 inches 9 inches 11 inches




Ultrasound-Assisted Produce Wash in a Pilot Scale Washer

Single-leaf spinach wash
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Ultrasound-Assisted Produce Wash in a Pilot Scale Washer

Batch-leaf spinach wash
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Ultrasound-Assisted Produce Wash in a Pilot Scale Washer

Summary of microbial count reduction on spinach

Single-Leaf Washing Batch-Leaf Washing
Yeast Yeast
APC1 E. coli APC E. coli
/mold /mold
Chlorine 1.70 1.27 3.13 1.37 1.15 2.82
Chlorine
+ 2.27 1.77 4.15 0.89 0.30 3.35
Ultrasound
Additional
reduction 0.57 0.50 1.02 0.52 0.15 0.53
(log)
Additional
reduction 77.3 65.4 91.8 71.2 39.4 72.8
(%0)

1 APC: Aerobic Plate Count.
28



Ultrasound-Assisted Produce Wash: Quality

l Ultrasound l

2min| [amin| Bmin] [16min]

Ultrasound

2min |

Images of spinach leaves treated by

ultrasonication for different time during
storage at 1C

(A) Day 0

(B) Day 7

(C) Day 14

29
Experiments done in a MMM reactor



Effect on
Product Quality



MTS Treated Orange Juice

Pasteurization: 91°C for 13 sec
MTS: 200 kPa, 65/70°C for 30

secC
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[l§ MTS-Treated Orange Juice
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MTS-Treated Orange Juice

Browning Index
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MTS-Treated Orange Juice

Pasteurization: 91°C for 13 sec
MTS: 200 kPa, 70°C for 30 sec
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Summery Z

 Two key issues
— Cavitation intensity enhancement
— Improvement of acoustic field uniformity

 Mano-thermo-sonication (MTS)
— Promising orange juice treatment method
— Liquid food pasteurization: 5 log in seconds

« Variable frequency technique (MMM) Is more
effective
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Questions?

UNIVERSITY OF ILLINOIS AT gB?NA-CHa\MFAIGN




