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Abstract. This study presents an experimental methodology for fabricating
transparent flow models tailored for Particle Image Velocimetry (PIV). The
approach is based on 3D printing complex internal geometries from
acrylonitrile styrene acrylate (ASA), a material that can be smoothed using
acetone vapours to enhance optical clarity. The ASA models are embedded
in Sylgard 184 silicone elastomer and then dissolved in acetone to leave
optically transparent flow channels. To evaluate surface treatment effects,
stenosis models were divided into sections and subjected to different
combinations of sanding and acetone smoothing. Additionally, the method
was extended to anatomically accurate nasal cavity models derived from
computed tomography (CT) scans. While ASA offers improved surface
quality and compatibility with acetone smoothing, the dissolution of
complex structures proved time-consuming, taking over 40 days in the nasal
model case. Simpler geometries dissolved within two days. Optical clarity
and refractive index matching with a glycerol-water solution were sufficient
for PIV, though minor mismatches were observed. The findings demonstrate
the method’s potential for constructing anatomically realistic, PIV-
compatible models, while highlighting trade-offs in preparation time and
solvent use. Future work should explore hybrid approaches combining ASA
and water-soluble materials like PV A to optimize fabrication efficiency.

1 Introduction

In recent years, computational simulations have become increasingly prevalent across a wide
range of scientific disciplines. In the field of fluid dynamics, Computational Fluid Dynamics
(CFD) has emerged as a well-established and widely used approach for simulating flow
behaviour and heat transfer in both academic and applied research contexts. However, as the
reliance on CFD simulations grows, the demand for accurate experimental validation
becomes more critical than ever [1], [2], [3].

One of the key experimental techniques used for such validation is Particle Image
Velocimetry (PIV). This non-intrusive optical measurement method enables the visualization
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and quantification of velocity fields in fluids. The PIV technique is based on tracking the
motion of tracer particles within a seeded flow using high-speed cameras. These cameras
capture the movement of particles across a plane that is illuminated by a laser sheet, allowing
for the reconstruction of the flow field [4], [5].

To perform accurate PIV measurements, certain conditions must be met—most
importantly, the use of optically transparent models and a clear optical path for both
illumination and image capture. As CFD tools continue to evolve in complexity and
precision, they place increased demands on the quality and realism of experimental models
used for validation purposes [6].

In response to this need, our research focuses on exploring innovative methods for
creating physical flow models, particularly those derived from real patient data such as
computed tomography (CT) scans. These models can represent anatomically accurate
geometries such as the nasal cavities of patients who have undergone medical interventions
enabling detailed investigation of internal airflow dynamics [6], [7], [8].

To achieve this, we have established a methodology in our laboratory that combines 3D
printing with casting techniques. Specifically, we use water-soluble polyvinyl alcohol (PVA)
to 3D print internal flow geometries. These printed models are then embedded within a
transparent polymer casting. Once the polymer has cured, the PVA core is dissolved, leaving
behind a hollow internal structure suitable for optical measurements using PIV [6].

This approach provides a flexible and cost-effective way to create anatomically realistic,
optically clear flow models that are well-suited for experimental fluid dynamics studies,
particularly those requiring validation of CFD simulations in complex geometries [6].

2 Methods

2.1 Experimental models

Stenosis models described in [6] were fabricated using polyvinyl alcohol (PVA) material. As
a surface treatment, manual sanding was applied to improve smoothness. The printed models
were then embedded in Plexiglas moulds, into which Sylgard 184 silicone elastomer was
poured. After the silicone solidified, the PVA models were dissolved using water, resulting
in a hollow cavity that replicated the stenosis geometry within a solid transparent block.

For the purposes of this study, we modified the model preparation procedure presented in
[6]. Specifically, the models were printed using acrylonitrile styrene acrylate (ASA),
a material that is soluble in acetone and its vapours. The diameters of the modified models
are shown in Figure 1. A key advantage of ASA is its ability to undergo surface smoothing
through exposure to acetone vapours, as documented in [9], [10].
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Fig. 1. Diameters of stenosis model.
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2.2 3D printing and surface treatment

Two stenosis models were printed based on the diameters shown in Figure 1. Each model
was divided into two sections, with different surface treatments applied to evaluate their
influence on optical clarity and surface finish. The models were fabricated using a Prusa
MK3S 3D printer equipped with a 0.4 mm bronze nozzle. The printing was carried out using
Prusament ASA Galaxy Black filament with a layer height of 0.15 mm. The nozzle
temperature was set to 250 °C and the print bed was maintained at 90 °C.

Figure 2 illustrates the four surface treatment methods, which are further detailed
in Table 1. Section B remained untreated and serves as a reference. Section A was manually
brushed with acetone to smooth the surface. Section C was first hand-sanded using P140
sandpaper for approximately 3 minutes and subsequently exposed to acetone vapours for two
hours at room temperature (20 °C). Section D was treated only with acetone vapor smoothing
under the same conditions.
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Fig. 2. Different sections of stenosis models.

Table 1. Surface treatment on different sections.

Section Operation
A Painted with acetone by brush
B Without any treatment
C Hand sanded, with 140 grid paper + smoothing by acetone vapours
D Smoothing by acetone vapours

2.3 Casting and dissolution

Sylgard 184 is a silicone elastomer with excellent optical properties and is well-suited for PIV
due to its refractive index being close to that of a water—glycerol solution [6].

The printed stenosis models were inserted into custom-made Plexiglas moulds, and
Sylgard 184 was poured in to fully encapsulate the geometry. The standard curing time of
Sylgard 184 at room temperature is several hours; however, this process can be significantly
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accelerated at elevated temperatures. At 120 °C, the material cures in approximately
30 minutes.

In our procedure, the filled moulds were left to rest overnight at room temperature to
allow air bubbles to escape naturally. The next day, the moulds were placed in a preheated
oven and cured at 120 °C for 40 minutes to ensure complete polymerization. Figure 3 shows
the fully cured models within their Plexiglas moulds, still containing the internal ASA
stenosis structures.
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Fig. 3. Cured Sylgard models with stenosis.

The next step involved dissolving the stenosis models in order to create transparent flow
channels shaped by the internal geometry, suitable for PIV measurements. After curing, the
Sylgard blocks were carefully removed from the Plexiglas moulds and placed into a sealed
glass container filled with acetone. The ASA material gradually dissolved, leaving behind a
hollow cavity corresponding to the original stenosis geometry. Long exposure of cured
Sylgard to acetone was experimentally tested. Acetone is able to diffuse in and out of the
Sylgard without any changes to the Sylgard.

2.4 Models of complex geometries

The same methodology as described for Section D was applied to create a model of human
nasal cavities from ASA material, representing a more complex internal geometry. Model of
nasal cavities were prepared based on CT scans of patient [8]. To ensure fully developed flow
at the inlet, entrance lengths were added to the model. These segments were printed from
water-soluble PVA in order to reduce the total dissolution time.

Figure 4A shows the nasal cavity model encapsulated in transparent Sylgard prior to
dissolving the 3D-printed parts, while Figure 4B shows the resulting flow channel after the
ASA and PVA materials were fully removed.
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Fig. 4. Complex 3D printed nasal cavity in Sylgard model; A — before dissolving; B — in process
of dissolving.

3 Results

For PIV measurements, it is crucial to match the refractive index of the model material with
that of the working fluid to minimize optical distortions. Another key factor is the optical
clarity of the model, which directly affects image quality and particle tracking accuracy.
Figure 5 shows the model after dissolution of the 3D-printed ASA stenosis, filled with a
glycerol-water solution (60.07% by weight). The refractive index of the solution was
measured as n = 1.4067 + 0.0003 and dynamic viscosity was p= (11,000 + 0,011) mPas. Red
lines have been added to highlight the region containing the internal cavity shaped by the
stenosis geometry. All four surface treatment sections are displayed for comparison.
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Fig. 5. Sections of stenosis models - after dissolving ASA.
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4 Discussion

Figure 5 shows the interaction between the glycerol-water solution and the Sylgard model.
In our laboratory, we use these two materials together to minimize the difference in refractive
index and improve optical clarity. However, in the case presented, a visible mismatch was
observed. This discrepancy may be attributed to two main factors. First, the refractive index
of Sylgard is n = 1.4122, while the prepared glycerol-water solution had a refractive index
of n = 1.4067, indicating a slight mismatch. Second, the surface treatment may have been
insufficient, or the surface quality may have been affected during the dissolution process of
the ASA model.

Despite the mismatch, the overall optical clarity appears sufficient for PIV measurements.
Minor differences in refractive index can still allow for accurate velocity field acquisition,
depending on the camera optics, laser sheet configuration, and seeding particle size.

Figure 4 illustrates the production of a more complex model representing a nasal cavity,
which are still in process of dissolving 3D printed parts. Dissolving the 3D-printed ASA and
PV A material from this model required over 40 days, involving repeated additions of acetone
and mechanical extraction of residual material. This highlights a significant limitation in
applying this method to geometrically complex models. In contrast, the simpler stenosis
models were successfully dissolved within two days, with ASA softened sufficiently for
careful removal without damaging the Sylgard matrix.

5 Conclusion

The dissolution time of printed materials is a critical factor when considering the use of this
method for future applications. A major advantage of using ASA is the ability to easily
smooth the surface using acetone vapours, which improves optical properties and can
enhance PIV measurement quality.

However, a significant drawback is the long dissolution time required after Sylgard
curing, particularly for complex geometries. This introduces considerable delays and
increases the amount of acetone consumed. In contrast, water-soluble materials like PVA
offer a faster and more environmentally friendly alternative for certain model segments.

Using ASA as a material for 3D printing internal flow models is feasible, but further work
is needed to define detailed protocols for surface treatment and dissolution. Consideration
must also be given to the time required for model preparation and the operational costs
associated with acetone use when compared to water-based alternatives.
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