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Acoustofluidic trapping of microparticles to axially
centered wires in cylindrical microcapillaries
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Acoustophoresis is a powerful technique for manipulating micro- and nanoparticles in microfluidic systems,

but efficient particle capture remains limited by the size-dependent nature of the primary acoustic radiation

force. This limitation has motivated the use of secondary acoustic forces to capture particles to wire

meshes or larger suspended seed particles; however, these approaches are constrained by fluidic drag and

limited control over particle residence time in acoustic fields. Here, we present an acoustofluidic capture

strategy that combines primary and secondary acoustic radiation forces with laminar flow effects near

surfaces to enable efficient microparticle trapping. Our device consists of a cylindrical microcapillary

containing an axially aligned stainless-steel through-wire and an externally mounted piezoelectric

transducer that generates an acoustic pressure node during flow. Microparticles are driven toward the wire

by primary acoustic forces, where secondary acoustic interactions and reduced near-wall flow velocity

promote stable capture. Devices with no wire, a centered through-wire, and an offset through-wire were

evaluated to assess the role of wire placement within the acoustic field. Precise axial alignment of the wire

with the pressure node yields optimal trapping, demonstrating a 3.6-fold increase in downstream particle

concentration after cessation of the acoustic field, with overall capture efficiencies of 52–91%. This work

establishes a design paradigm based on precise placement of microstructures within acoustic pressure

fields to maximize particle trapping and capture in laminar flow systems.

Introduction

Global plastic production has exceeded 8300 million metric
tons since the 1950s, with more than 400 million tons
produced annually and an estimated 60–80% ultimately
discarded into landfills or the environment, including up to 4
million tons entering the oceans each year.1–3 Over time,
these materials degrade into micro- and nanoplastics (MNPs)
that are now detected throughout the human body, including
in blood, arteries, kidneys, placenta, and even the brain.4–12

Although the full health implications remain under
investigation, recent evidence links elevated microplastic
accumulation to inflammation, metabolic disruption,
neurotoxicity, and reproductive dysfunction, as well as
correlations with neurodegenerative diseases such as
dementia.6,13,14 Beyond MNPs, biological nanoparticles such
as exosomes and extracellular vesicles—naturally occurring

particles of similar size to nanoplastics—play essential roles
in intercellular communication and disease progression. The
ability to efficiently isolate and analyze these biological
particles from complex fluids is increasingly critical for
advancing medical diagnostics and understanding disease
mechanisms.15 The overlap in physical properties and
handling challenges between synthetic and biological
nanoparticles underscores a shared need for improved,
scalable separation technologies capable of precisely
controlling nano- to micron-scale particles in flowing liquids.

Currently, techniques such as ultrafiltration, nanofiltration,
and ultracentrifugation are commonly employed for the
purification of MNPs from water.16,17 While these approaches
effectively remove particulates, each presents significant
limitations. Filtration-based methods require high pressure
differentials to drive flow through membranes, are prone to
fouling, and rely on consumable filters that require frequent
replacement.17–19 Ultracentrifugation, though precise, is
costly, energy-intensive, and limited to batch processing,
making it unsuitable for large-scale or continuous
applications.20 Despite the widespread use of these methods
in water treatment and industrial purification, residual
particles are still detected in drinking water and commercial
beverages.21,22 Similarly, biological nanoparticles such as
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exosomes and extracellular vesicles pose comparable isolation
challenges, as existing ultracentrifugation and filtration-based
techniques are laborious, low-throughput, and often yield
impure fractions. The growing diagnostic and therapeutic
importance of extracellular vesicles underscores the critical
need for new, scalable isolation technologies that enable
efficient, label-free isolation of nano- to micron-scale particles
from complex liquid media.

Acoustophoretic separation has long been explored as a
method for the removal of particles from fluids.23,24

Acoustophoresis works by the application of an acoustic wave
via mechanical vibration to a fluid under laminar flow
conditions and allows for continuous flow and high
separation efficiencies. Based on fundamental acoustic
theory, particles subjected to an acoustic field in a fluid
experience both a primary and secondary acoustic radiation
force. The dependence of the primary and secondary forces
on experimental parameters can be qualitatively understood
by considering a 1D model.

The 1D equation for the primary acoustic radiation force
is as follows,

FP ¼ − πp0
2Vpβf

2λ

� �
×Φ β; ρð Þ × sin 2kxð Þ (1)

Φ β; ρð Þ¼ 5ρp − 2ρf
2ρpþ ρf

−
βp

βf
(2)

where p0 is the acoustic pressure amplitude, Vp is the volume
of the particle, βf is the compressibility of the fluid, λ is the
wavelength, Φ is the acoustic contrast factor, k is the
wavenumber, and x is the distance from the pressure node.24

The primary acoustic radiation force is a time-averaged force
largely driven by the size of the particle, the pressure
amplitude, and the acoustic contrast of the particle to the
surrounding media. The sign of the acoustic contrast factor
(eqn (2)) dictates whether particles will move to the pressure
node (positive) or the pressure anti-node (negative), where ρp
is the density of the particle, ρf is the density of the carrier
fluid, and βp is the compressibility of the particle. In a capillary
system, and in most real-world systems, the full three-
dimensional formulation of the acoustic radiation force is
more complex, but maintains the same qualitative behavior.25

For the work presented here, the qualitative behavior is of
most concern and as such we using the simpler 1D model to
provide the framework for discussion of acoustic forces.

The secondary acoustic force is caused by the scattering of
sound waves from particles and surfaces within the acoustic
field, and either leads to attraction or repulsion of particles
as a function of their interparticle distances and position
within the acoustic field. The equation for the secondary
acoustic radiation force is as follows,

FS xð Þ ¼ 4πa6
ρp − ρf

� �2
3 cos2 θ − 1ð Þ

6ρfd
4 v2 xð Þ −

ω2ρf βp − βf
� �2

9d2
p2 xð Þ

2
64

3
75

(3)

where a is the radius of the particle, d is the distance
between the center of particles, ω is the applied resonant
frequency, and θ is the angle between the center line of the
particles and the direction of the propagating acoustic
wave.24 An attractive interparticle force is represented by a
negative sign, while a repulsive interparticle force is
represented by a positive sign. The first term on the right-
hand side of the equation, dependent on the velocity
amplitude of the particles (v2(x)), is repulsive when particles
are lined up in the direction of wave propagation (θ = 0°) and
attractive when particles are aligned perpendicular to wave
propagation (θ = 90°). Additionally, the velocity dependent
term is at a maximum at the pressure nodes, and a minimum
at the pressure anti-nodes. The second term on the right-
hand side of the equation is dependent on the applied
pressure amplitude (p2(x)) experienced by the particles and is
independent of particle orientation. The pressure amplitude
term of the equation is always attractive while it diminishes
in magnitude as it approaches the pressure node (minimum
pressure).

Previous work has demonstrated the successful use of
secondary acoustic forces to capture particles up to 1000
times smaller than the mesh size, and as a method to capture
nanoparticles, exosomes, extracellular vesicles, and bacteria
to micron-sized seed particles made of silica and
polystyrene.26–34 Although these approaches using secondary
acoustic forces to entrap particles achieved separation of
microparticles and nanoparticles from solution, they are
generally limited by hydrodynamic drag, inability to precisely
place structures for optimized particle capture, and inevitable
saturation of particles to structures which minimizes overall
throughput.

Inspired by earlier efforts in the field of
acoustophoresis25,35 we explore the use of both primary and
secondary acoustic forces in a cylindrical microcapillary
system for enhanced trapping and enrichment of MNPs.
However, the work herein is fundamentally different than
previous acoustophoretic studies, as we strategically position
a high-gauge stainless-steel wire (50 μm diameter) parallel to
the flow direction and centered on the axis of the
microcapillary, placing the wire in the center of the predicted
pressure node. We hypothesize that when the stainless-steel
wire is positioned along the axial center of the microcapillary,
suspended particles will be driven toward the acoustic
pressure node through primary acoustic forces and will
subsequently adhere to the wire surface through secondary
acoustic forces (Fig. 1). Furthermore, the laminar flow profile
produces relatively low axial velocities near the center of the
capillary and in the immediate vicinity of the wire surface.
Since convective transport scales with the local fluid velocity,
particles in these regions experience weaker downstream
transport. As a result, particles transported toward the wire
have longer residence times near the trapping region, which
promotes particle accumulation along the wire surface.

To test our hypothesis, we designed acoustofluidic devices
using a cylindrical microcapillary with i) no through-wire
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(Fig. 1a and b), ii) a centered through-wire (Fig. 1c and d),
and iii) an offset through-wire (Fig. 1e and f), to evaluate
acoustic focusing and trapping efficiency. We demonstrate
via simulations and experimentally that microstructure
placement within two-dimensional acoustic standing waves

influences microparticle trapping efficacy. Moreover, the
fixed nature of the axial wire prevents hydrodynamic drag on
the trapping object from being a limiting factor in system
performance. This work lays the foundation for designing
acoustofluidic devices with optimally placed micron-sized
wires for the improved enrichment and entrapment of
microparticles. This work further suggests that the placement
of fixed microstructures in standing acoustic waves may be
an improved approach for the enrichment of nano and
microparticles of many varieties, including biological
particles.

Materials and methods
Acoustofluidic device construction

Two types of acoustofluidic devices were constructed using
borosilicate glass capillaries: (i) devices without a through-
wire and (ii) devices incorporating a through-wire. A picture
of the acoustofluidic setup including all appropriate
components and connections, along with the custom
microfluidic device holder, is shown in Fig. 2a. For devices
without a through-wire, a lead zirconate titanate (PZT)
ceramic discs (20 mm × 2.7–3 mm, STEMiNC, Davenport,
USA) was attached to a borosilicate glass microcapillary
(1.12 mm ID, 2 mm OD, 1B200-4, World Precision
Instruments, Sarasota, FL) via super glue (Professional
Liquid, Loctite, Westlake, OH) and allowed to cure for 24
hours. SILASTIC™ tubing (0.76 mm ID, 1.65 mm OD, The
Dow Chemical Company, Midland, MI) was attached to the
branched opening of a microfluidic T-junction (PEEK Low
Pressure Tee Assembly, 1/16″, 0.020 thru hole, P-712, IDEX,
Oak Harbor, WA) to serve as the inlet and outlet of the
device, and the layout of the inlet and outlet are mirrored
versions of each other. Flat bottom plugs (Plug PFA, ¼-28, flat
bottom, P-316, IDEX) were attached to one end of the main
pipeline of the T-junction, and stainless-steel tubing (0.04″
ID, 1/16″ OD, 5 cm length, IDEX) was attached to the other
end. The borosilicate glass microcapillary with the PZT was
then attached to the stainless-steel tubing of both the inlet
and outlet via silicone tubing. The SILASTIC™ tubing from
the outlet T-junction was attached to a female Luer lock
(Female LuerTight™ fitting system, 1/16″ OD, P-835, IDEX).

Acoustofluidic devices with a through-wire were
constructed similarly, but with a modification to the end
plugs of the T-junction. Custom made plugs (¼-28) were 3D
printed with a through-hole approximately 350 μm in
diameter. A small piece of rubber was super-glued to the
end of the custom plug that would be inserted into the
main pipeline of the T-junction. A 30-gauge needle was
then inserted in the through hole of the custom plug and
ultimately through the glued piece of rubber. A stainless-
steel wire (44 AWG, 316L, 0.002″, Remington Industries,
Johnsburg, IL) was carefully threaded through the 30-
gauge needle until the wire was completely through the
modified plug. At this point, the stainless-steel wire
(diameter = 50 μm) was gently pulled through the modified

Fig. 1 Cartoon schematic of hypothesized acoustic focusing. A device
without a through wire (a and b) exhibits particle focusing at the
predicted pressure node. A device with an axially centered through
wire (c and d) causes particle focusing at the pressure node and
particles to become trapped at the wire surface. A device with an
offset wire (e and f) will create particle focusing at the pressure node,
undisturbed by the off-center positioning of the wire.
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plug and threaded through the inlet T-junction, steel tubing,
glass microcapillary, steel tubing, outlet T-junction, and
finally another modified plug on the outlet T-junction. The
stainless-steel wire was positioned along the axial centerline
of the capillary and maintained under tension to ensure
stable alignment during operation. The wire was tensioned
using two 20 g masses attached to its ends, producing an
estimated axial tension of approximately 0.39 N (F = mg).

Under these conditions the wire remained straight within
the capillary during acoustic excitation, with an estimated
fundamental resonance frequency of approximately 800
Hz.36 As the resonance frequency of the taut wire is roughly
three orders of magnitude lower than the ultrasonic
excitation frequency used in this work (∼800 kHz), the wire
behaves as a rigid inclusion relative to the acoustic
wavelength.

Fig. 2 a) Image of the microfluidic device mounted in the device holder. b) Cartoon representation and brightfield images of all three devices in
cross-sectional view. c) Process flow of the acoustofluidic set-up. Fluid flow is represented by blue arrows, which is the direction of flow through
the sample tubing (red line), while electrical connections are shown by black wires. PS microspheres were mixed in a conical tube with a stir bar
(A) and flowed upstream through the microcapillary device placed sitting on an epi-fluorescent microscope (B). An expanded view of the capillary
is shown (C). Fluid flow was driven using a syringe pump set to ‘withdraw’ mode (D). The acoustic focusing field was applied in the glass
microcapillary via the PZT, operated by a radio frequency power amplifier (G), and the frequency driven by a waveform generator (E). The
waveform generator and radio frequency power amplifier were connected via an oscilloscope (F).
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Microfluidic device holder

For all devices tested, a custom designed and 3D printed
microfluidic holder was constructed to properly hold each
device. Inserts were designed to hold both the inlet and
outlet T-junctions, as well as ensure that these T-junctions
remained in-line with each other via a dove tail sliding rail.
Sliding tube holders were also designed to be placed along
the railing system, and support the glass capillary at various
points across its length. Additionally, inspired by the design
of a micrometer, these tube holders also served as aligners of
the glass microcapillary to assist in either placing the
stainless-steel through-wire in the center or off-center for the
appropriate experiments. All configurations of this
experimental design are shown in Fig. 2b, demonstrating a
microcapillary with i) no through-wire, ii) a centered through-
wire, and iii) an offset through-wire.

Acoustic focusing in microcapillary devices

A process flow diagram of the experimental setup is shown in
Fig. 2c. Devices were rinsed with 20% Contrad 70 (Decon
Labs, King of Prussia, PA) prior to testing to mitigate non-
specific adherence of microparticles to the device. All
experiments were conducted using high intensity fluorescent
Nile red polystyrene (PS) microspheres at ∼150 000 particles
per mL (10.0–14. 0 μm, FH-10056-2, Spherotech, Lake Forest,
IL). PS microspheres were mixed in a conical tube with a stir
bar (A) and flowed downstream through the microcapillary
device (C) sitting on a Nikon Eclipse Ti-U microscope (B)
(Nikon, Melville, NY). Experiments were performed at a flow
rate of 200 μL min−1 using a 10 mL syringe (Air-Tite, Virginia
Beach, VA) and syringe pump (fusion 200× high-precision
syringe pump, Chemyx, Stafford, TX) set to ‘withdraw’ mode
(D). For the operating flow rate of 200 μL min−1 in a capillary
with an inner diameter of 1.12 mm, the average fluid velocity
is approximately 3.4 × 10−3 m s−1, corresponding to a
Reynolds number of Re ≈ 3.8 (using water properties ρ =
1000 kg m−3 and μ = 1.0 × 10−3 Pa s), confirming that the flow
remains well within the laminar regime for all wire
configurations investigated. The acoustic focusing field was
applied perpendicular to the flow in the glass microcapillary
via the PZT, operated by a radio frequency power amplifier
(G) (model 320L, E&I, Rochester, NY), and the frequency
driven by a waveform generator (E) (33220A, Agilent, Santa
Clara, CA) set to 50 mV. The waveform generator and radio
frequency power amplifier were connected via an oscilloscope
(F) (DS1102E, RIGOL, Portland, OR) to determine the peak-to-
peak applied voltage (Vpp). For all experiments, Vpp applied
was between 52.4–53.2 V.

Video acquisition and imaging

Videos were acquired for the device without a through-wire,
with an axially centered through-wire, and an off-center wire
with an ORCA®-Flash 4.0 CMOS camera (Hamamatsu,
Bridgewater, NJ) mounted to a Nikon Eclipse Ti-U microscope
(Nikon, Melville, NY) using a 4X objective. For epi-fluorescent

videos, PS particles were excited with a 10 W green LED
flashlight (UltraFire, Amazon) mounted to the collimating
adapter on the microscope, and ultimately using a filter cube
set with a 545/30 band-pass filter for excitation. Brightfield
videos were captured with an exposure time of 10 ms. Both
fluorescent and brightfield videos were captured using
HCImage software (Hamamatsu, Sewickley, PA) with a time
scan set to capture an image every 500 ms for 20 seconds,
including an image at t = 0 seconds. For all devices, videos
were acquired with the PZT off, PZT on, and immediately
after the PZT was turned off.

COMSOL Multiphysics modeling

All COMSOL Multiphysics models were performed in version
6.3 and 6.4. The study physics used (as described below) were
the eigenfrequency study and the laminar flow study
(stationary). The model geometry was constructed within
COMSOL to dimensions matching the experimental systems.
Materials properties were taken from literature references
and manufacturer specifications and are given in
Table 1.37–42 The 2D models were created using standard
COMSOL CAD tools and the geometries for each model are
shown in Fig. S2. The 3D models were created using simple
cylinders to represent sound-hard boundaries and sound-soft
boundaries for the pressure acoustics eigenfrequency study
and no slip walls, as well as the inlets and outlets for the
laminar flow studies (Fig. S1). All models were meshed using
a physics-controlled mesh based on the physics used in the
COMSOL study. For the 2D pressure acoustics eigenfrequency
study extremely fine element sizes were used in the mesh
(Fig. S2). For the 3D models, the mesh element size was fine
for the eigenfrequency study and finer for the laminar flow
study (Fig. S1). For all eigenfrequency studies, the
temperature was modeled at 20 °C. For the laminar flow
studies, the inlet flow was set to a fully developed volumetric
flow rate of 200 μl min−1.

Table 1 Material properties used for COMSOL Multiphysics 2D and 3D
models

Material Speed of sound (m s−1) Density (kg m−3)

PZT 5500 7800
Supergluea 3250 1060
Glassb 5500 2300
Stainless steel 5800 7930
Water 1485c 998c

a These values are expected to vary slightly brand to brand based on
specific polymer makeup. Commercial superglue is commonly a
combination of poly(methyl cyanoacrylate) (PMCA) or poly(ethyl
cyanoacrylate). b These values were calculated from the manufacturer
provided values for the density and Young's modulus of Kimble N51A
glass, which is the glass that our capillaries are constructed from.
c These values are taken from the COMSOL Material Library for the
simulation. The specific values shown in the table are for fresh water
at 1 atm and at 21 °C. The values for temperature are calculated as in
(4) and density as in (5). The actual simulation uses values as
calculated in COMSOL, which are expected to be nearly identical.

Lab on a Chip Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

5 
Ju

ne
 2

02
6.

 D
ow

nl
oa

de
d 

on
 6

/6
/2

02
6 

5:
09

:4
0 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6lc00047a


Lab Chip This journal is © The Royal Society of Chemistry 2026

Video analysis

Gaussian fit for focusing width. To determine the focusing
width across the devices, a Gaussian curve was fit to the
intensity profile of particles flowing through the
microcapillary for all devices where the PZT was either off or
on. Videos were acquired using a 500 ms exposure time for a
total of 20 seconds. MATLAB (Mathworks®, Natick, MA) was
used to upload a multiple-page tif file consisting of a series
of 16-bit images. A composite image based on the average
projection of each image was created and a predetermined
region of interest (ROI) of 500 pixels thick centered on the
image was used for the analysis. Within the ROI, the
intensity of each column of pixels was averaged to minimize
the noise across all the images, creating an averaged single
intensity value for each column, and ultimately an averaged
intensity plot for the composite image (Fig. 6a and b). From
the averaged intensity plot, the data was baseline corrected
and binned every 10 μm across the x-axis to further minimize
noise. A series of Gaussian curves were fit to the intensity
profile, with a minimum of one Gaussian curve for each
profile dependent on the distribution of particles. Some data
sets with multiple peaks were fit to more than one Gaussian
curve, which were summed together to achieve a combined
profile. The final composite Gaussian curves were normalized
to the maximum intensity value to allow direct comparisons
of all experiments. For each set of experiments, the
microcapillary was not in the exact same position within the
camera field of view. To account for any misalignment across
experiments, Gaussian curves where the PZT was off were
corrected along the x-axis by setting the maximum peak
intensity value to an x-position of zero. For Gaussian curves
where the PZT was turned on, the positioning was corrected
in the following ways. The Gaussian curve for the device
without a through-wire was set to an x-position of zero where
the peak intensity was at a maximum. For the device with the
axially centered through-wire, the Gaussian curve was set to
an x-position of zero between the two intensity maxima, as
these peaks represented the edges of the through-wire.
Finally, the Gaussian curve of the device with the offset wire
was set to an x-position of zero where the intensity of the
focused particles was at a maximum.

Calculating the sum of the raw pixel intensity after
immediately turning the PZT off. The sum of the pixel
intensity within a ROI was used to evaluate the effects of
acoustic focusing and acoustic trapping immediately after
the PZT was turned off. For these experiments, the PZT was
on for a duration of 15 seconds, 30 seconds, 1 minute, or 2
minutes, to evaluate the temporal effects of particle trapping
with all three devices (n = 3 per device). The PZT was only
run for a few minutes at a time continuously, and shut off
between subsequent experimental runs to avoid overheating
the system. Epi-fluorescent videos were acquired at 490 ms
exposure time for 24 seconds immediately after the PZT was
turned off. MATLAB was used to upload a multiple-page tif
(mptif) file consisting of a series of 16-bit images. An ROI

was chosen to encapsulate the entirety of the inner portion of
the microcapillary. For each image in the mptif file, the sum
of the raw pixel intensities within the ROI was calculated.
The area under the curve of the sum of the raw pixel intensity
graphs was calculated for all devices and experimental
conditions to correlate to particle concentration.

Results

The foundation of this work is based on the use of cylindrical
microcapillaries to create resonant structures that have an
acoustic pressure node at the axial center of flow.35,43,44 Once
excited by the PZT, acoustic energy propagates along the
fluid-filled capillary and can establish standing-wave pressure
fields that extend beyond the immediate footprint of the
transducer, allowing particle focusing to occur over a larger
length of the axial region of the channel, as previously
observed in capillary-based acoustic focusing systems.25 It is
expected at larger distances from the transducer the focusing
is weaker and less understood, due to radial propagation of
acoustic waves from the edge of transducer. Acoustic flow
cytometry utilizes the same technique by using the primary
acoustic force to drive particles to a central node where they
are further analyzed optically. Here we use the same basic
structure (Fig. 1a and b) but have additionally placed a wire
in the predicted axial central acoustic pressure node
(Fig. 1c and d). In this position, we hypothesized that the
primary force would still drive the particles to the center, and
that the secondary acoustic force would trap microparticles
to a methodically placed micron-sized wire (Fig. 1d).
Although these principles of a 2D acoustic standing wave in a
cylindrical microcapillary are well characterized, the effect of
placing a wire in the axial center of the pressure node was
unknown. We hypothesized that in the absence of an
acoustic standing wave, all devices (without the wire, with an
axially centered wire, and with an offset wire) would exhibit
an unfocused spread of microparticles throughout the
microcapillary (Fig. 1a, c and e). In the presence of an
acoustic wave at an optimum drive frequency without a
through-wire, we expected microparticles to acoustically focus
at the central node, as is the basis for numerous acoustic
flow cytometry devices (Fig. 1b). With a centered through-
wire and an optimum drive frequency, we hypothesized
microparticles would be driven to the pressure node based
on the primary acoustic force, and adsorb to the wire via the
secondary acoustic force, which would be further assisted by
the near zero flow velocity next to a no slip wall due to the
wire presence (Fig. 1d). We further hypothesized that with an
offset wire in the microcapillary system and an optimum
drive frequency, the system would focus particles at the
central node similar to the device without the through-wire,
as the thin wire (50 μm diameter) would have a minimal
impact on acoustic focusing (Fig. 1f).

COMSOL Multiphysics was used to create models of
dimensionally accurate flow and pressure profiles using
corresponding material properties and experimental
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conditions. To evaluate the effects of both the presence
and positioning of a through-wire within a borosilicate
microcapillary device, 2-dimensional and 3-dimensional
flow profiles were simulated using COMSOL and
demonstrated unique differences for microfluidic devices
without and with the wire (Fig. 3). The simulation of the
microfluidic device without the through-wire predicted

maximum flow at the center of the microcapillary, with a
minimum flow at the tube walls due to no-slip boundary
conditions (Fig. 3a, d and g). The microfluidic device with
the axially centered stainless-steel through-wire predicted
two regions of minimum flow located at the tube wall
and the outer edge of the stainless-steel through-wire,
while the flow maximum is predicted to be between these

Fig. 3 A 3-dimensional (a–f) and 2-dimensional (g–i) COMSOL modeling of predicted flow profiles without a through wire (a, d and g), with a
through-wire at the axial center (b, e and h), and with a through-wire off-centered (c, f and i).
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two regions (Fig. 3b, e and h). The microfluidic device
with the offset wire predicted a flow profile similar to the
device without a through-wire, but with an expansion on
one side of the microcapillary of the minimum flow
profile due to the proximity of the through-wire to the
tube wall (Fig. 3c, f and i). Notably, the maximum
predicted fluid velocity achieved for each respective device
is lowest with the centered through-wire (∼5.5 mm s−1),
followed by no through-wire (∼7 mm s−1) and the offset
wire (∼7.5 mm s−1). From the 2-dimensional COMSOL
models predicting the acoustic focusing pressure node
formation, all devices maintain nearly identical pressure
profiles with minimal differences in predicted resonant
frequencies (Fig. 4). These simulations show that in all
three experimental conditions, a central pressure node is
predicted to form at frequencies similar to those used in
the experimental work. Although the capillary system with
the attached PZT is asymmetric, the simulation predicts
two orthogonal pressure profiles with respect to the
capillary both horizontally and vertically. Though the two
pressure modes occur at slightly different frequencies
(<Δ2 kHz), this suggests that a pressure minimum would

form at the axial center of the capillary, which is
consistent with modeling of similar systems.25,45

To evaluate our acoustic focusing and flow models, we
constructed a microcapillary devices without a wire, with a
centered wire, and with an offset wire. We used these to
capture videos of microparticle flow with and without a
resonant acoustic standing wave. Fig. 5 shows representative
images of fluorescent and brightfield videos with the three
experimental conditions: no through-wire, centered through-
wire, and an offset through-wire. For all experimental
conditions, microparticle flow in the absence of acoustic
waves demonstrated a similar non-specific, unfocused flow
pattern (Fig. 5a, c and e). As expected, in the absence of a
through-wire, microparticles were successfully driven to the
center of the microcapillary with an optimum drive frequency
by the PZT (Fig. 5b). Notably, in the presence of a centered
through-wire and an optimum drive frequency,
microparticles successfully collapse to the through-wire and
experience acoustic trapping (Fig. 5d). Specifically for the
fluorescent image with the through-wire, the wire is visibly
illuminated with microparticles with little to no particle
presence in the bulk media. Interestingly for the device with

Fig. 4 A 2-dimensional COMSOL modeling of predicted acoustic pressure profiles without a through-wire (a–c), with a through-wire at the axial
center (d–f), and with a through-wire off-centered (g–i).
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the offset through-wire and an applied drive frequency,
microparticles are both trapped to the through-wire and
achieve a streamlined acoustic focusing at the center of the
microcapillary (Fig. 5f).

To better quantify the differences in acoustic focusing
behavior for all devices, Gaussian curves were fit to the
intensity profiles for fluorescent videos with the PZT off or
on (Fig. 6). A composite image of all frames from the video
was created and the ROI was drawn in a solid red line for a
qualitative understanding of the image quantification
(Fig. 6a). The averaged intensity profile, represented by the
blue markers, was then fit to a Gaussian curve, shown as the
solid red line, across the entire composite image (Fig. 6b).
The presence and position of the through-wire, in the
absence of an acoustic drive frequency, does not significantly
impact microparticle positioning (Fig. 6c). Specifically, all
three devices demonstrate similar widths across their
respective Gaussian profiles, suggesting that the presence of

the wire does not innately alter microparticle positioning.
The drive frequencies of all three devices could be manually
tuned to use acoustic standing waves that focused particles
to the axial center of the capillary (Fig. 6d). In the device
without the through-wire, there is one visible peak due to
particles focusing at the pressure nodal plane of the
microcapillary as expected. For the device with the centered
through-wire, two intensity peaks are present that represent
the edges of the stainless-steel wire. However, both peaks are
centered around the location of the centered through-wire.
Notably for the device with the offset through-wire, two
distinct clusters of peaks appeared. The first peak centered
at the middle of the microcapillary (distance = 0.0 mm) is
due to the acoustic focusing of particles to the pressure
nodal plane from the drive frequency. The second cluster of
peaks is centered around the offset through-wire (distance =
−0.25 mm) and represents particles trapping to the wire in
the presence of the acoustic field.

Fig. 5 Generation of fluorescence intensity profiles of particle distributions across three device configurations, derived from captured video
recordings. (a) Definition of the region of interest (ROI) shown by the solid red lines (scale bar = 500 μm) and b) the corresponding Gaussian fit for
the intensity profile from the composite image. c) Particle distributions for the three device configurations under acoustic-off conditions. d)
Corresponding particle distributions under acoustic-on conditions.

Fig. 6 Representative fluorescent and brightfield images of particle flow through the microcapillary with the PZT off and the PZT on with no wire
(a and b), a centered through-wire (c and d), and an offset through-wire (e and f), respectively. Scale bars for both fluorescent images (white scale
bars) and brightfield images (black scale bars) are shown at the bottom right of each image and represent 500 μm.

Lab on a Chip Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

5 
Ju

ne
 2

02
6.

 D
ow

nl
oa

de
d 

on
 6

/6
/2

02
6 

5:
09

:4
0 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6lc00047a


Lab Chip This journal is © The Royal Society of Chemistry 2026

As the PZT was turned off, we observed a large flux of
particles in the field of view for the device with the centered
through-wire, while the device without the through-wire and
the offset wire did not show noticeable differences in particle
concentration (Fig. 7). More specifically, after the PZT was

immediately turned off, a series of snapshots demonstrates
that the device with a centered through-wire showed an
increase in particle concentration as the acoustic force was
no longer applied (Fig. 7a and S4). To quantify the
differences in particle concentration, the sum of the pixel

Fig. 7 a) Representative panel images over time immediately after the PZT is turned off without a through-wire, with the through-wire centered,
and the through-wire offset. The PZT was on for a duration of 1 minute prior to turning off. The tube walls are represented by dashed red lines.
b) Visualization of the ROI used to process the video frames immediately after the PZT was turned off shown with the solid white line. c) Sum of
the raw pixel intensity of the video frames immediately after the PZT was turned off after the PZT was on for 2 minutes. d) Area under the curve
(AUC) for the sum of the raw pixel intensities for all durations of the PZT being on. All graphs display the mean with standard deviation (n = 3).
Scale bars = 500 μm.
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intensity within a ROI was used for each frame across the
time series and baseline corrected to observe the change in
fluorescence intensity over time (Fig. 7b). Since the
accumulation of particles on the devices with the through-
wire was expected to vary as a function of time, we examined
the temporal effects by turning the PZT on for 15 seconds, 30
seconds, 1 minute, and 2 minutes, prior to analyzing the
particles after immediately turning the PZT off. As the
experiments were conducted with the same particle
concentration and volumetric flow rates, the sum of raw pixel
intensity was directly correlated to the relative concentration
of particles flowing through the microcapillary. As such,
increases in raw pixel intensity within the ROI over time
directly reflect increases in particle concentration, suggesting
particle trapping occurred upstream as videos are taken
immediately after the acoustic force is removed. Plotting the
sum of the raw pixel intensity values for each microfluidic
device across the time series shows that the devices without
the through-wire and the offset wire maintain a relatively
consistent concentration of particles, while the devices with
the centered through-wire observes an increase in particle
concentration over time (Fig. 7c and S5). As the application
time of the acoustic wave was increased from 15 seconds to 2
minutes, the device with the centered through-wire
experienced a drastic increase in the sum of raw pixel
intensity, highlighting effective trapping of particles to the
wire (Fig. 7c and S5). Specifically for the case where the
acoustic wave was present for 2 minutes prior to being
turned off, the initial sum of the raw pixel intensity (t = 0) for
the device with the centered through-wire was 4.6 times
greater than the device without the through-wire,
demonstrating acoustic trapping of particles to the through-
wire within the ROI during this time period (Fig. 7c). When
calculating the area under the curve for all durations of the
PZT turned on (15 seconds, 30 seconds, 1 minute, and 2
minutes), the device with the through-wire shows a distinct
increase in particle concentration (in the frames collected
after the wave was turned off) as a function of time, achieving
3.6 times greater concentration of particles (Fig. 7d). These
results further support our hypothesis that efficient acoustic
trapping occurs on the centered through-wire. The observed
increase in particle concentration after the PZT is turned off
arises from particles upstream that are no longer retained
once the acoustic forces are removed.

Discussion

The objective of this study was to investigate the acoustic
trapping of microparticles by strategically positioning a
micron-sized wire within a microfluidic channel and applying
acoustic standing waves to achieve effective microparticle
trapping under laminar flow conditions. First, we successfully
designed and constructed a novel microfluidic device that
allows for the accurate positioning of a 50 μm diameter
stainless-steel through-wire within a cylindrical
microcapillary (Fig. 2a). Specifically, the microfluidic device

holder allows the wire to be placed in the desired location
within the microcapillary to investigate particle focusing
(Fig. 2b). Previously designed devices for investigating the
separation of particles via secondary acoustic forces consisted
of flow chambers with aluminum mesh, polymer mesh,
millimeter-scale glass beads, stainless-steel wires
perpendicular to flow, and PS seed particles.26,28,29,46,47 Most
of these systems consist of highly unorganized structures and
random packing within the flow device, potentially affecting
their maximum trapping efficacy. Next, we demonstrated that
precise axial placement of a stainless-steel through-wire
within a microcapillary enhances particle enrichment
through both primary and secondary acoustic forces, while
also promoting particle trapping by taking advantage of
reduced flow velocities near no-slip boundaries under
laminar flow. The efficiency of particle trapping was
evaluated through a combination of experimental
observations and COMSOL Multiphysics simulations.

COMSOL Multiphysics was used to model both flow
profiles and pressure profiles of the microcapillary devices
without and with the wire based on accurate physical and
material properties (Fig. 3 and 4). Laminar flow profiles
without a through-wire predicted maximum fluid velocity at
the center of the microcapillary and minimum fluid velocity
at the capillary wall due to no slip boundary conditions. As
expected, both devices with the through-wire showed
minimum velocity at the tube wall and the edge of the
stainless-steel through-wire. Interestingly, the positioning of
the predicted pressure nodes for all device configurations—
whether or not a through-wire is present—are nearly
identical, indicating that the wire has minimal influence on
the acoustic focusing pattern. Early models of acoustic
pressure nodes in cylindrical systems predicted the presence
of multiple lobes around the center of the capillary cross-
section, where positive-contrast particles were expected to
focus.25 A later acoustic pressure model predicted an
asymmetrical acoustic pressure profile, with stronger
pressure gradients on the same axis as the piezo
transducer.45 Interestingly, the eigenmode study of acoustic
pressure nodes modeled in COMSOL for this study predicts
two potential resonant standing wave structures that occur at
very similar frequencies. One is perpendicular to the drive
surface PZT and the other is parallel to that surface (Fig. 4).
Since these predicted perpendicular and parallel pressure
profiles exist at nearly identical frequencies, it is possible
that they exist nearly simultaneously within the same system
and alternate between both modes, leading to an enhanced
focusing at the center of the capillary. As acoustic focusing
depends on both the capillary dimensions and the
temperature of the carrier fluid, it is possible for multiple
acoustic modes to coexist. This may arise from slight
variations in the capillary's inner diameter as well as
temperature gradients within the fluid caused by heat
transfer from the PZT.48

We initially hypothesized that acoustic focusing would
occur in all three device configurations, as illustrated in
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Fig. 1. Visualization of brightfield videos, along with
quantitative analysis of fluorescence recordings under
acoustic-off and acoustic-on conditions, generally confirmed
this hypothesis (Fig. 5). As expected, acoustic focusing in the
capillary device without a through-wire closely resembled the
behavior previously reported for glass and steel cylindrical
devices.25,35 In contrast, in the device containing the centered
through-wire, particles were trapped on the wire surface and
moved downstream along the wire by the fluid flow. Due to
the presence of the wire at the center of the acoustic pressure
node, particles never truly reach the predicted pressure
minimum and are offset by the radius of the wire. As such,
the applied pressure amplitude term (p2(x)) in the secondary
acoustic radiation force equation does not completely
diminish, although it achieves a minimum relative to other
radial positions in the microcapillary. Under normal acoustic
flow conditions in a cylindrical capillary, the particles would
achieve a maximum velocity at the pressure node. However,
the velocity amplitude of the particles (v2(x)) at the pressure
node in the presence of a centered through-wire approaches
zero due to no slip boundary conditions along the wire (eqn
(2)). In the presence of the centered through-wire and
acoustic excitation, particles focused toward the wire, where
some became acoustically trapped on the wire surface while
others remained suspended and continued to flow along its
length. In contrast, with the offset through-wire
configuration, two behaviors are observed simultaneously: a
fraction of particles is acoustically trapped at the wire
surface, while the remainder are acoustically focused to the
central pressure node and transported downstream along the
nodal plane (Fig. 5f and 6d). When acoustic forces are
applied, particles flowing through the microcapillary in the
vicinity of the offset through-wire are first driven towards the
pressure node via the primary acoustic force. As the distance
between the microparticles and the offset through-wire
decreases, the secondary acoustic force aids in particle
trapping to the wire surface due to attractive secondary
forces. While additional forces such as surface-to-surface
attraction certainly also have an effect, the fact that removal
of the acoustic standing wave results in large scale release of
particles from the surface implies that the combination of
acoustic forces and wire positioning are the primary driver of
particle adherence to the wire surface.

Interestingly, the presence and positioning of the wire did
not disrupt the standing acoustic wave formed, demonstrated
both in silico and experimentally. When a solid layer is very
thin compared with the wavelength of sound in the
surrounding fluid, it does not behave as a medium through
which sound propagates with appreciable phase
accumulation. Instead, it behaves effectively as a small
surface mass. In this long-wavelength limit, the acoustic field
experiences negligible phase change across the layer and
internal interference effects within the solid do not develop.
Within this experimental setup, as the wire diameter is small
relative to the acoustic wavelength, the structure cannot
support significant spatial variations in acoustic phase and

the standing-wave field within the cylinder remains
essentially unchanged. As a result, transmission is high and
perturbation of the incident wave is minimal.36 However, the
lack of acoustic wave perturbation in the system due to the
wire presence does not exclude the wire from participating in
the scattering of the incident acoustic waves. Both the
microspheres and the wire participate in Rayleigh scattering,
defined for objects whose diameters are much smaller than
the wavelength of the incident sound (d < λ/10).49 As such,
the resulting scattered waves influence the secondary
acoustic forces that lead to trapping of particles along the
wire.

Similar acoustic trapping behavior was observed for mesh
filtration systems when acoustic forces are applied to
particles flowing through the system, as particles in proximity
to the mesh structure adhere to the mesh even though they
are up to 1000 times smaller than the mesh size.28,29

Secondary acoustic forces have also been observed in systems
with larger seed particles retained at the pressure nodal
plane via high acoustic forces, where the suspended smaller
particles experienced a diverted path towards the direction of
the seed particles.50,51 In a simplified singular wire system
modeling a complex acoustic mesh, particles that were
located near a pressure node experienced a diversion of their
flow patterns towards the wire structure at close enough
distances, demonstrating that secondary acoustic forces
affected particle flow directions in proximity to wire
surfaces.46 Notably, this system used wires that were aligned
perpendicular to the flow direction and parallel to the
direction of the standing wave, which is opposite of the
microcapillary system that we have created here. In our
system, the wire is parallel to flow and its surface is
perpendicular to the standing wave. Assuming that the
surface of the wire can be approximated as the surface of a
microparticle, this conceptually ensures that the secondary
force is effectively always attractive to the wire as particles
flow in parallel flow streams past it. Such a configuration is
expected to be beneficial for particle enrichment and
potential alignment processes useful for a variety of analyses
techniques.

The expression used here for the secondary acoustic
interaction force is derived for sphere–sphere interactions of
the same size and material properties, and therefore does not
explicitly account for the cylindrical geometry or material
properties of the steel wire. Existing theoretical treatments of
secondary acoustic radiation forces have primarily focused
on interactions between spherical particles, and analytical
descriptions of sphere–cylinder interactions at the microscale
relevant to this system remain limited.52,53 Recently, more in-
depth mathematical expressions have been derived
describing the secondary acoustic forces for particles of
different sizes and material properties.50,54,55 In the present
work, we employ the sphere-sphere formulation as a first-
order approximation to qualitatively describe the interaction
between suspended particles and the nearby wire surface.
The experimentally observed aggregation of particles to the
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wire surface is therefore qualitatively consistent with
secondary acoustic interactions of this type, although
quantitative differences are expected due to the cylindrical
boundary and the mechanical properties of the wire. A more
rigorous theoretical treatment of sphere–cylinder secondary
acoustic interactions represents an important direction for
future work.

For the device with a centered through-wire, an increase
in particle concentration and intensity was observed when
the PZT was immediately turned off (Fig. 7). After
quantifying the intensity as a function of time after turning
the PZT off for all three devices, the device without the
through-wire maintained a relatively constant intensity
profile over time for all durations of the acoustic wave
presence. This result confirms that there was not particle
accumulation throughout the device as the acoustic signal
was turned on, as the intensity remained relatively constant
and therefore the concentration of particles remained
constant as well. For the device with the offset wire, no
change in intensity was observed over time for all PZT
conditions, suggesting a little to no microparticles were
entrapped while the PZT was on. Most notably, the device
with the centered through-wire saw an increase in the AUC
of the sum of the pixel intensity for all PZT on durations
tested, highlighting particle trapping to the centered
through-wire (Fig. 7d). Interestingly, the device with the
centered through-wire experienced increasing initial
intensity values as the duration of the acoustic wave
presence increased. This increase in intensity as a function
of the duration of the PZT being on, specifically for the PZT
being on for 2 minutes, could be due to a partial saturation
of particles adsorbing to the wire further upstream. As such,
over the course of the 2 minutes, particles continue to
adhere to the centered through-wire and result in a greater
initial intensity value within the measured ROI for the
frame just prior to the acoustic field being turned off. Using
the intensity profiles shown in Fig. 7 and S5, we sought to
further estimate the number of particles successfully
trapped to the centered through-wire, as detailed in the SI.
Briefly, the videos of the device without the through-wire
were used to estimate the total number of particles
represented by the AUC, using the volumetric flow rate and
particle concentration. The number of particles relative to
the AUC was then used to approximate the number of
particles observed for the device with the centered through
wire after the PZT was turned off for all durations of the
acoustic wave presence. Noticeably, as the duration of the
acoustic wave increased from 15 seconds to 2 minutes,
there was an increase in trapped particles from 6800
particles to over 31 000 particles. The total number of
trapped particles on the device with the centered through-
wire was estimated between 52–91% of available particles to
trap, isolating a significant portion of particles in the
stream. Although total trapping efficiency does not achieve
100%, these studies demonstrate that greater than 50% of
particles are trapped along the through-wire, while we can

visually confirm a majority of the free particles are driven to
the wire and continue to flow along the centered wire
structure.

Referring to the COMSOL-generated velocity profiles
(Fig. 3), the centered through-wire configuration exhibited
the lowest maximum flow velocity (∼5.5 mm s−1), followed by
the no-wire device (∼7 mm s−1), while the offset-wire
configuration produced the highest velocity (∼7.5 mm s−1).
These trends agree with classical concentric and eccentric
flow behavior, where centrally positioned obstructions create
uniform constriction and greater hydraulic resistance,
whereas off-center obstructions generate an asymmetric
channel. In the eccentric case, a wider flow gap forms on one
side of the wire, resulting in a high-velocity bypass region
that supports greater volumetric flow compared to both the
concentric configuration and even the unobstructed
channel.56 COMSOL model showed that the off-center wire
achieves a much slower flow velocity profile over a greater
area around the wire (Fig. 3i) compared to the centered wire
(Fig. 3h), arguing that particles would see a greater localized
hydrodynamic residence time with the off-center wire. Even
though particles are experiencing a greater localized
hydrodynamic residence time with the off-center wire, the
device with the center wire exhibits greater trapping
efficiency. Although other work has demonstrated the
successful capture and entrapment of particles using
secondary forces, the positioning of the trapping medium
was non-specifically placed.26,28,29 The results demonstrated
in this study highlight that the presence and positioning of
the wire drives the acoustic trapping efficiency of particles
within the capillary.

The objective of this study was to evaluate how
introducing an axially positioned micron-sized wire into a
resonating acoustofluidic channel influences particle
trapping behavior. While the approach demonstrates
promising trapping capability, several limitations should be
acknowledged. As the acoustic wave exposure time increases,
the heating of the PZT transducer is unavoidable, potentially
influencing the particle behavior and entrapment mainly due
to the variation in the applied frequency. This would then
cause heat transfer from the PZT into the glass capillary, and
ultimately the solution flowing through the microcapillary. As
the temperature of the solution changes, the speed of sound
within the solution also varies, leading to slight differences
in the true resonant frequency of the system.48 Infrared
thermal measurements indicated that the capillary system
temperature increased by only a few degrees Celsius during
operation, as shown in Fig. S6. Over this temperature range
the speed of sound in water varies by less than ∼1%,
indicating that temperature-induced shifts in acoustic
wavelength or resonance conditions are negligible for the
experiments reported. The relative lack of heating to the
system is likely attributable to the fact that the PZT is freely
suspended in air from a narrow capillary, allowing for
excellent air circulation and minimal surface area for
efficient heat transfer. Additionally, we routinely only
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operated the system for a few minutes before shutting power
off to the PZT, and repowered the PZT for each run.
Although we did not correct the applied frequency to
optimally drive the system under various solution
temperatures, the results undoubtedly demonstrate the
impact of microstructure positioning within an acoustic wave
to efficiently drive and capture microparticles. The material
chosen for the through-wire was 50 μm stainless-steel wire.
Alternatively, other materials and wire dimensions could
have been chosen to evaluate the impacts on focusing
efficiency. With regards to particle isolation using secondary
acoustic forces, previous work demonstrated silica seed
particles exhibited improved particle capture compared to PS
seed particles, attributing this improvement to the material
density differences.30,57 Flow rate presents an additional
constraint for seed particle approach, since elevated
velocities generate greater hydrodynamic drag that can
disrupt seed particle retention. Designing a trapping
structure that experiences no fluid-induced disturbance
would improve capture efficiency and overall stability. It is
likely that differences in acoustic trapping would be seen if
the material of the through-wire changed, as differences in
acoustic impedance would be another potential driver for
particle adherence. While the present work focuses on
acoustic trapping of particles to a micro-scale structural
feature within the capillary, this concentration mechanism
may also support particle separation based on size. In
acoustophoretic systems, the magnitude of the primary
acoustic radiation force scales with particle volume, and
particles of different sizes or acoustic contrast factors may
therefore experience different trapping efficiencies or
residence times near the microstructure. In this context, the
wire-based trapping region could act as a localized
concentration site from which particles of different sizes
may be preferentially retained or released depending on the
operating conditions. Although the present study
demonstrates trapping using a single particle population,
future work will explore the behavior of mixed particle
populations and the potential for size-selective particle
separation using this trapping geometry.

Conclusions

We have shown that precise positioning of microstructures
axial to flow within acoustic waves leads to optimal acoustic
trapping via secondary acoustic forces. This study expands
upon previous work of microparticle enrichment using
primary and secondary acoustic forces, and demonstrates the
successful approach of our unique design to successfully
entrap microparticles in a cylindrical capillary. Future work
aims to evaluate the temperature dependencies of acoustic
focusing in the presence of the stainless-steel through-wire,
as well as acoustically trapping smaller particles, such as
nanoparticles and biological samples, including cells and
extracellular vesicles. Overall, this study lays the foundation
for work focused on the design of optimally placed

microstructures in laminar flow systems to optimize
microparticle and nanoparticle trapping. This work
demonstrates the proof-of-concept that placing small
microstructures at the pressure node of an acoustic field does
not hinder particle focusing and entrapment, but rather
enhances particle trapping efficiency, and is therefore a novel
approach for the future of acoustophoretic enrichment
techniques.
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