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Abstract

Cavitation is mostly unwanted in applications due to its unpredictable and distorting effect on fluid flow.
On the other hand, its modelling is expensive in terms of time and computational power in general.
Regarding this a tendency for using an open source software such as OpenFOAM is emerging as a
promising tool for both predicting and analyzing cavity formation. In this study, validation and
verification of an OpenFOAM solver is investigated for cavitation in microchannels. Experiments are
carried out as well for comparison with computational results. During the experiments the cavity
formation was efficiently captured by observing the fluorescent particle flow. Overall, computational and
experimental results are compared to investigate the capability of OpenFoam for the chosen conditions.
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1. Introduction

Cavitation, as a chaotic phenomenon and is generally
defined as the phase change of the fluid flow by
nucleation, growth, and collapse of a vapor bubble in
regions where pressure drop is rapid and high [1]. Its
damaging effects are undesired in most of the
applications that include high speed fluid flow such as
nozzles [2], hydraulic machinery [3] and diesel
engines [4].

On the other hand, cavity formation within a
microchannel can have several applications in particle
and cell manipulation due to the vortex formation
around them. Some studies in literature focused on
forming microvortices within microfluidic channels by
utilizing a cavity-like channel geometry for such
applications [5-9]. For instance, Kamalakshakurup
showed the controlled formation of microvortices to
trap microparticles [5], Shen et al. studied the
circulating particles in microvortices [6], Kim et al.
utilized the formation of vortices for rapid mixing of
reagents in production of hybrid nanoparticles [7], Shen
et al. showed trapping of particles by using
microcavities within a microchannel [8, 9]. Formation
of cavity by controlling flow can also be useful for these

studies which would eliminate the need for complex
geometries.

Cavitating flow in microchannels has been investigated
by researchers; some of this work was experimental [10,
11]; while most of them were focused on the numerical
modelling of this phenomenon [12-14]. Rooze et al,
studied pressure gradients in 100 x 100 um2 channels
with cavitation by using computational fluid dynamics
software [12]; Egerer et al. performed large-eddy
simulations for studying cavity formation in a throttle
geometry where turbulence behavior is analyzed and
compared with experimental work [13], and Ghorbani et
al. studied cavitating nozzle flow in microchannels with
high Reynolds numbers by numerical methods [14],
Osterman et al. investigated the effect of channel aspect
ratio on the formation of cavities by both numerically
and experimentally where they used COMSOL
Multiphysics software [15].

However, modeling of cavitation is expensive in terms
of both computational power and time. To minimize this
cost, usage of an Open-Source software is emerging [16,
18]. OpenFOAM, is becoming one of the most preferred
tools due to its compatibility with C++ language and
user-friendly structure [19].
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Different than the studies in literature, this work uses
the OpenFOAM solver interPhaseChangeFOAM to
examine cavity formation and verification in
microchannels. Its findings can also be extended for
applications in microchannels as well as in industry
where a quick and low-cost analysis is required.

2. Materials and Methods
2.1 Computational Model

For solving the cavitating flow, the geometry shown in
Figure 1 is used which is a modification of the former
geometries studied in the literature [20-21]. Solution
domain is given in Figure 1 with its dimensions.
Microchannels with this geometry are fabricated for
obtaining experimental results used for comparison.
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Figure 1. Geometry used for experimental and

computational studies.

Mesh is generated with using OpenFOAM’s blockMesh
and refineMesh utilities. Since the solution of the wall is
only of interest in throttle section, first layer thickness is
calculated, and cells are generated regarding the
minimum thickness; then refinement levels are used for
solving the model. There are around 360e® cells at the
final mesh. Generated mesh is shown in Figure 2.

Figure 2. Mesh generated for computational solution.

Among the OpenFoam’s several different solvers
interPhaseChangeFoam is chosen for this case with
using total pressure as inlet, static pressure as outlet and
no slip as wall boundary conditions.

2.2 Experimental Set-Up and Fabrication

Experimental set-up used for observing the cavitation
phenomena includes a pressure pump to maintain a
constant fluid flow and a high-speed camera for
capturing the images of flow. The schematic of the set-
up is shown in Figure 3.
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Figure 3. Schematic of the experimental set-up.

Microfluidic  devices were fabricated with a
conventional soft-lithography technique where initially
a master mold is made in clean room by using negative
photoresist SU-8 and later pouring
polydimethylsiloxane (PDMS) into this mold and finally
curing to obtain the channel geometry. At the last step,
these channels are bonded to a glass slide for
encapsulation. Figure 4 shows the fabricated PDMS
channel under the optical microscope.

3. Results and Discussion

During the experiments, high speed camera was used to
capture the fluid flow at a rate of 8-16 frames per
second. Flow was maintained by supplying an input
pressure at the channel entrance with a pressure pump
where the value was variated from 1 bar to 6.5 bars. It is
seen that for lower input pressure values, flow does not
encounter any phase change, therefore cavity does not
form. Representation of these flows are given in Figure
4 for 3 bars. It is seen that these flows have a regular
steady state flow behavior.

Figure 4. Steady flow with 3 bars input pressure
without cavity formation.
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As the input pressure is increased however, flow
characteristics change. For example, for higher pressure
values (4-5 bars), bubbles begin to occur and fade away.
The moment at which a bubble occurs is captured and
marked in Figure 5.

Figure 5. Vapor bubble occurrence at 4 bars.

For 5-6 bars at the inlet, number of bubbles double.
Same behavior is also observed in computational
results. Figure 6a shows the experimental results while
Figure 6b shows the CFD results for multiple cavity
formation.

(b)

Figure 6. Comparison of simulation and experimental

results. (a) Cavity formation observed during an
experiment, (b) cavity formation observed in
computational work.

For the higher velocities, formation of bubbles increases
since pressure drops to lower values however since the
flow is highly chaotic bubbles occur and disappear
suddenly. Same pattern is also observed in the
simulation results. An image obtained during an

experiment with high velocity is given in Figure 7.
From both experimental and the simulation visuals, it is
seen that the flow forms a symmetrical elliptic pattern,
which shows that the model is solving the flow field
correctly and the given boundary conditions are
satisfying the experimental conditions.

Figure 7. Low-density zones observed in experiment
and simulation.

Cavitation behavior is also investigated using
fluorescent latex beads, which are yellow-green
carboxylate-modified polystyrene; this clarified the
formation of cavity and enabled a better comparison
with simulation results. With this way streamline is
clearly observed unlike regular high speed camera
visuals. This method has shown better performance in
visualizing the experiments than any previously
suggested methods in literature.

In this manner, from Figure 8a, the region of vortex is
clearly seen at the initial time steps and the movement
of the vortex region is shown in Figure 8b. The cavity
formation is observed with a darker region, where there
is no liquid flow and therefore no fluorescent bead.

4. Conclusion

In this study, both simulations and experiments were
conducted under the same boundary conditions to
observe cavity formation in a microfluidic channel. The
experimental set-up consisted of a pressure pump, a
microfluidic chip and a high-speed camera.

The visualization of flow was facilitated by using
fluorescent particles dissolved in water; which presents
a novel approach for capturing the low-pressure zones
in the flow.

When the experiments were compared with simulations,
it is seen that there is a great resemblance between the
two results. However, since cavitation is a chaotic flow,
these similarities were only captured at the regions
closer to the formation zone. Therefore, as a future
work, by adding local pressure and velocity sensors,
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numerical data for these low-pressure regions can be
obtained in addition to the image-based comparisons
presented in this paper.

Vortex region

(@)

50 um

50 um

(b)

Figure 8. (a) Vortex region and (b) its movement with
fluid flow.
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