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Abstract: This work presents a multi-scale experimental validation framework using macro- and micro-scale Particle Image
Velocimetry (PIV). Rigid bifurcation models are fabricated using high-resolution DLP 3D printing. Flow fields are analyzed
under steady and unsteady conditions, including high-frequency flow (Wo = 4.3) and low-Reynolds microflows. Comparisons
of velocity profiles demonstrated agreement between experimental measurements and Computational Fluid Dynamics (CFD)

results.
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l. Introduction

Due to their time-dependent nature, complex geometries,
and turbulence, respiratory flows present a significant
challenge in CFD. This challenge becomes more prominent
in high-frequency flow fields, such as those found in high-
frequency jet ventilation. Furthermore, due to the fractal
branching of the respiratory bronchi, the flow field
experiences a multi-scale  geometrical  resizing.
Consequently, flow regimes transition from higher
Reynolds numbers in the upper generations to significantly
lower numbers in the lower generations [1]. In this work,
macro- and micro-scale PIV measurements are used to
provide experimental measurements at different Reynolds
numbers (Re).

Il. Materials and methods

Il.I. Test piece preparation

DLP 3D printing (using an Asiga Max 27) is utilized to
create macro- and micro-scale test pieces. The macro-scale
test piece is a branch with an inner diameter of the parent
branch being 8 mm and the child branches with an inner
diameter of 6 mm. The child's branches are positioned on
the same plane with a 70° angle between them. To enable
easy post-processing (sanding), the test piece is printed
inside a prism with flat surfaces. For the micro-scale test
piece, the same printer is used to print four branches with a
width of 0.4 mm and depth of 3 mm. Figure 1a and b show
the post-processed 3D-printed macro- and micro-scale
models, respectively.
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Figure 1: Macro-scale (a) and micro-scale (b) test pieces

IL.1l. PIV setups

As illustrated in Figure 2, the experimental setup employs
a computer-controlled syringe pump to generate custom
time-dependent flow profiles. The working fluid is seeded
with 9 — 13 um hollow glass spheres (p = 1100 kg/m3,
LaVision GmbH). Illumination is provided by a Litron
Bernoulli B-PIV laser, which emits a beam passed through
cylindrical and spherical lenses to create a thin light sheet
focused on the test section midplane. A TSI LaserPulse
Synchronizer coordinates the laser pulses with an Andor
Zyla 5.5 sCMOS camera, positioned perpendicular to the
light sheet, to capture particle images at 15 Hz. The
resulting data is subsequently post-processed using TSI
Insight 4G software.
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Figure 2: Macro-scale PIV setup

Figure 3 illustrates the micro-scale experimental setup,
where the flow is seeded with ThermoFisher Fluoro-Max
red 3 um polystyrene fluorescent particles. In contrast to
the macro-scale configuration, illumination is delivered via
a fiber optic cable positioned on the same side as the
imaging optics (epifluorescence mode). An Olympus IX73
inverted microscope equipped with a 4 X magnification
objective is employed to capture the flow field at the
microchannel midplane.
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Figure 3: Micro-scale PIV setup

lll. Results and discussion

Figure 4 compares the steady profiles at the parent and
children branching between macro-scale PIV and CFD for
three different Re.
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Figure 4: Comparison between steady macro-scale PIV and
CFD velocity profiles at different Reynolds numbers and velocity
contour at Re = 943

Figure 5 compares the unsteady velocity profiles at Re =
140 and Womersley (Wo) of 4.3, which represents a high-
frequency ventilation case. At these Wo, a time shift
between the velocity and pressure fields takes place.
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Figure 5: Comparison between unsteady macro-scale PIV and
CFD results at Re = 140 and Wo = 4.3

Figure 6 compares the velocity magnitude contours
between PIV and CFD for the micro-scale measurements at
Re =20.

Vel.
Mag (m/s)

Figure 6: Velocity magnitude contour comparison between the
micro-scale PIV and CFD at Re = 20

The provided comparison presents viable validation tools
at different respiratory scales for steady and unsteady
flows.

IV. Conclusions

Macro -and micro-scale PIV was used to measure the flow
field at steady and unsteady conditions for bifurcations in
respiratory flows. Velocity profile and contour comparisons
with CFD simulations revealed good agreement between the
numerical results and experiments. Future studies will focus
on capturing unsteady turbulent flow at macroscopic scales
and unsteady laminar profiles at microscopic scales.
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