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Los Alamos National Laboratory

= 36 square miles

= 47 technical areas

= 1,280 buildings / 9M sq ft
* 11 nuclear facilities

e 40% are more than
40 years old

= 268 miles of roads _
(100 paved) —
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As a National Security Laboratory, applying multidisciplinary

capability is inherent in our broad funding and workforce base

Approx. 11,000 National Security specialists

FY17 Estimated collaborate in a wide variety of technical disciplines
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Applied Acoustics Team

Cristian Pantea http.//www.lanl.gov/orgs/mpa/mpa11/AcousticsAndSensors Team

Team Leader o John Greenhall
Vamshi Chillara Research Scientist
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Acoustics

Acoustics = the branch of physics concerned with the properties of sound (Wikipedia)

Acoustics = the science that deals with the production, control, transmission, reception, and
effects of sound (Merriam-Webster)

Infrasound Audible Sound ound
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Acoustics

Audio range: 20 Hz — 20 kHz
Musical notes: | Note E A D G B E

e.g. guitar | Frequency (Hz) |82 110 147 196 247 330
Voice - speech: 85 - 155 Hz (male) 165 - 255 Hz (female) 250 - 300 Hz (child)
Piano: 27 Hz—4.2 KHz
Voice — singers: 65 Hz (deep bass voice) 1.3 kHz (soprano)

* female high-pitched scream: 3 kHz

Whistling: 2-4 kHz

A good sound system: 35 Hz-22 kHz

My hearing range: 30 Hz - 15 kHz

(<



Our research - Applied Acoustics
Building and Sustaining Capa’b, lities

Development of instrumentation, methods and senso s with a focus on difficult and

:

challenging conditions (high pressure, high temperature,
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Applied Acoustics Lab

Capabilities

Acoustic Sciences

Linear Acoustics

Sensing
l
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Composition Charackermtion Detection B
Measurement Mezsurement
_ - Bubble sizing &
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Harsh Emvironment/
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Comosion Under
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Energy Harvesting

Imaging:
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Subsurface Imaging

well bore integrity Stand-off Senszing

Borehole Imaging
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Standing Waves and Resonances

in a Fluid medium inside a cavity:

1zt Harmomnic
Resonance occurs <:> Examples of
when: standing wave

when resonance

d=n.(7\,/2) éﬁné occurs
n=1, 2, 3...
A=wavelength 3rd Harmonic
Resonance
Output

/'
f3 W Input | —— Amplitude

f, W<—l —

\
fs /\/\/VM — 4/\/\/\//\/\/\ //\/\/\/\/\/\/
d ! >
f, f, f

Resonance occurs when the forward sound wave and the r-//=ci=c/ wave meet exactly in
“ phase and ri=rf=re
S
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How can fluid properties be determined using swept
frequency and acoustic interferences?

Input signal
Sound speed = 2dAf
Sound absorption ~ of
Af | A f =frequency spacing
< System resp%?se 5t =peak width
—>l— There can be hundreds of such
JU . resonance peaks in a typical spectrum
Time ]

Swept Frequency Acoustic Interferometry (SFAI)




SFAI

Physical Parameters That Can Be Determined Using SFAI:

« Sound speed /Bulk Modulus/Density

 Sound attenuation Viscous drag, thermal effects, scattering

* Molecular Relaxation

P

"

- Density k*< I ﬂé.%. /
s

. . Rotation Vibration
* Viscosity ~
_ _ _ Sound speed varies with pressure
« Acoustic Nonlinearity in liquids and solids.

"3 Liquids, gases, mixtures, emulsions, suspension, etc.
<



Noninvasive ldentification of CW Agents

155-mm Artillery Shell

SFAI Measurements of CW Agent
Physical Properties

Portable SFAI
Instrument

(S
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Elastic properties determination
Observe mechanical resonances of objects to determine
_physical properties of fluids and elastic properties of materials,

0.08
Fluid inside pipe
a— 0.06 -
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Particulate matter detection

Detect and quantify particulate matter, liquid droplets, and gas bubbles in flowing media
through Doppler Spectroscopy

20-50 micron sand particles
<= moving through mineral oil in
a vertical metal pipe

Ultrasonic Visualization of
sand in water

Doppler Spectroscopy

The spectrum contains information
about particle size and concentration

Detection Sensitivity: ~ 5 grains of sand

"3 Size range: 1 — 100 micron



Acoustic weld defect detection

« Weld detection in dense materials (Ta) Weld line
challenging for radiography ]
« Solution: scanning acoustic |

Subsurface defect

microscopy
5 mm
Optical microscopy of Acoustic microscopy of Ta
Ta plate Diam. plate o Inclusions intentionally
TR it '}%fﬂ%" intro'guced 180° apart




“Smart” Transfer Chutes with In-line Acoustic Sensors for
Bulk-Solids Handling Solutions

* Objective: Develop innovative solids handling Moisture Sensor (corn stover)
equipment (1) and unique in-line acoustic measurement et
sensors (2, 3) that improve operational reliability, safety,
throughput, and yield of biorefineries.

* Current limitations
— moisture sensing: cost, durability, complexity, reliability,
sampling volume, and continuous monitoring.

— no known commercial sensors for real-time monitoring of
plug-screw feeder wear

- no commercial chutes with the ability to change configuration
to discard problematic feedstock.
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Heavy Water Production Monitoring

A New Challenge for the IAEA

Arak Heavy Water Production Facility
Girdler sulfide process + distillation

We can measure accurate and precise
sound speed, to the first decimal point

"3 - high precision/accuracy for D,0
concentration, ~ 0.1%



Nuclear materials identification

o RUS - a nondestructive, very difficult to spoof, well-tested
measurement method.

Bulk Modulus (GPa)
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Good correlation between
the elastic moduli and
density for samples of
different
compositions/origins.

Able to identify nuclear
material composition,
fabrication method and
source by measuring its RUS
properties.



Acoustic Camera
Acoustic Camera: Seeing with Sound

Imaging through Highly Attenuating and Opaque Fluids

Imaging through Mud

Current:
16 x 16 64 x 64;
pixels I 9/18 MASTER MECHAMIC  weus 128 x128
Pixels
"3 possible
=




3DHEAT (3 dimensional high explosive acoustic

Acoustics diagnosis of thermal damage in Pentolite

Center temp. [°C]
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140
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-

Machine learning, CNN (convolutional neural network)

160

Training: 10 Nov 20 (~3750 samples)
Testing: 10 Nov 20
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Low Frequency Collimated Acoustic Beam

Mix sound waves in nonlinear media to create new form of sound waves that are
very broad-band, lower frequency, and highly collimated

High frequency Nonlinear mixing length

< L

/\/\/\/\/\/\/\/\/ Low frequency

collimated beam

Fixed fl >
Varied f2 >
Piezo-disc Nonlinear medium Virtual sources
e.g., FC43
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Slide 22 Low-Frequency Collimated Beam

o Bessel-like Acoustic Source (ACCObeam)

Fundamental mode

Z-axis (mm)
- RN N N w w +=
8] o 9] o o)) o 9] o
o o o o o o o =)

Radial mode

OrL0ZL00L 08 09

250 kHz

(ww) sixe-x
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Slide 23 ACCObeam

Fundamental mode

Radial modes

- @&

S o &




Slide 24 ACCObeam - Radial Modes Clamping

Ultrasonic beam profiles in water generated by RM-3 at 161.8 kHz for
different lateral stiffness k

400 mm

Normalized out-of-plane displacement on the surface of the disc
for RM-3 for different lateral stiffness k (N/m3) 400 ik

RM-3

—k=0 (Free)
—k=1E13
——k=1E14
—k=1E15

k=co (Clamped)

AN

r (mm)

Normalized amplitude (arb.units)

5

Wave Motion, vol. 76, (2018), pp. 19-27 and  Proceedings of SPIE, vol. 10170, (2017), Article no. 1017024

<



Slide 25 ACCObeam - Radial Modes Clamping

Beam profile in water for the 3 radial mode RM-3;
free transducer (left) and clamped transducer (right)

Free PZT Clamped PZT
Vpp
400 400 l0.5
-0.4
— 300 —~ 300
£ S
£ E -0.3
o 200 n 200
$ ? - 0.2
N N
100 100 0.1
0 0 —— L= 0.0
-100 0 100 100 0 100
X-axis (mm) X-axis (mm)

Appl. Phys. Lett., vol. 110, issue 6, (2017), 064101

<
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Slide 26

ACCObeam

Schematic representation of the 3D imaging system:

Fluid-filled
borehole

Receiver
array

Rotating
Acoustic
Transducer

Fractures,
defects

Acoustic

360 degree imaging

Low frequency
Collimated beam

60 80 100120140
X-axis (mm)

No side-lobes

E «—Compressional

1500 2000 2500
TIME IN MICROSECONDS

0 =5 depth (MD) of sourcekreceiver midpoirt ()
0 500 1000 1500 2000 2500 000 3500 * from B.U. Jakob et al, First Break,

TINE IN MISROSECONDS I. 28, Jul 2010
* from J.H. Rosenbaum, Geophysics, e 72

vol. 39, no. 1, (1974), p. 14-32

P — compressional wave
S — shear wave

R — pseudo-Rayleigh waves
ST - Stoneley wave

D — direct wave through fluid
T — tube wave

2/8/21 26



Concentration of Particles in a Tube

Sound field is turned and OFF.
Piezoelectric Transducer @ 1.5 MHz

Acoustic Flow Cytometer

Acoustic focusing cytometry

— Capillary
— 4l

Piezoslectric
ultraaonic device

— Lazer 1 (viokst)
s Lasar 2 (blus)

600 um capillary, Flow™~ 200 uL/min
20 um polystyrene beads

Real Time Video

Biological cell analysis

Thermo Fisher Scientific



Acoustic Separation of Humidified Air

Acoustic Aerosol Concentration & Separation

-t <
EllipseThreelines

The video (real-time) shows the separation of mist from humidified air and concentrating
the mist acoustically inside a hollow cylinder using sound. Once the mist is concentrated,

It can be taken out of the system. Various types of implementation are possible and this
is simply a proof-of-concept to show what is possible with sound.



IPV - targeted excitation of lungs

Intrapulmonary percussive ventilation (IPV): Applies periodic bursts of

air/aerosolized medication down the trachea to improve air absorption and mucus
clearance

Currently, no good understanding of optimal parameters (frequency)

We simulate how frequency affects sound penetration in lung bronchi

0.001 kHz 1.54 kHz 7.44 kHz
(typical for IPV)

od/d



IPV - targeted excitation of lungs

Proof-of-principle: use vibrations to improve mucus
clearance from a channel




Acoustic Separation

Non-invasive mechanical separation of any two-phase system (e.g., liquid-liquid,
liquid-solid, gas-liquid, etc.,) using sound

Liquid-Liquid Solid-Liquid




Acoustic manipulation

Manipulation of gas bubbles, liquid droplets, and solid particles with
sound

MIERAL O!L




Outcome of attracting bubbles

o(B.p)=

Ultrasonic Foam Mitigation

Particles/bubbles suspended in the liquid, will be
moved to the nodes/antinodes of the standing
waves by the Acoustic Radiation Force:

RV A7z
ac — IB (IB IO)SIH .
24, A
V,=volume of particle
Spp _2pm _ 'BP B=compressisility

p = density
2p,+p, P,
A =wavelength of sound
P, = Peak acoustic pressure
z = distance from pressure node

m, p = medium, particle (subscripts)

attraction

d = =

(most cases for bubble with close sizes) A
|depletion of

+¥/ liquids

coalesce instantly

coalesce with time lag
(R/R;>2) 65-70%

collapse

collect and co-exist

(rare and only for big bubble size ratio)

<

Pressure Nl:ll:les

Increased / l
Pressure | I Atmospheric

m —» m Pressure :,/—\
[ ]
Suspended
particle
Motion of air molecules i Propagation of
Host associated with sound sound

fluid

Illustration of foam mitigation concept in an

industrial reactor vessel
Reactor vessel

oam formed
b2y small bubbles

[ — 10utlet

(anzn"_'x)
High Temp High Temp
Transducer Transducer

Acoustic
Radiation Force

H; bubbles

R, =
Inlet SO
(Resid +

Fhulator



Underwater manipulation with sound




Acoustic Metamaterials
Acoustic Radiation Force Based Fabrication Technique

Particle suspension
) ] in sol-gel or UV curable
Eunction Container g
\ polymer
Generator G A

Ultrasound OFF

Ultrasound ON

|
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°° ° ° * ° | H
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Thank yo

| 2021 R&D 100 JOINT ENTRY
F Lc Los Alamaos National Laboratory and
Jenike & Johanson

2018 R&D 100 FINALIST

ACCObeam:

Acoustic Collimated Beam

Precise, inexpensive monitoring of fractured rock. concrete. and metal

Cristian Pantea,
Dipen Sinha, and
Vamshi Chillara

* Collimated, powerful beam
enhances image resolution

* Low-frequency beam for
deep penetration

* Inexpensive and simple to
produce

* Applications range from
wellbore safety to biomedical
imaging

NATIONAL % SECURITY
) o

ININ[@

VATT?

I Mid-Continent Region

pgrated

=

i

Apply acoustic sensors [

to measure moisture
content of feedstocic
in real-time

Integrage sensors and
“smart” chutes to
discard unacceptable
material

Minimize biorefinery
downtime and reduce
operating costs

Enhance the
commercial viability
of biorefineries
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