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Droplet ejection from capillary nozzle
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Capillarity-driven flows and droplet ejection, in the current decade, is one of the major
research in the field of fluid mechanics phenomenon under microgravity environment. Ad-
vanced analytical studies using experimental data from Drop Towers and abroad Interna-
tional Space Station provide significant understanding of this phenomenon (Wollman &
Weislogel, 2013) yet has a salient CFD tool been able to corroborate the corresponding nu-
merical results. This study is important because it provides critical numerical results for the
capillarity-driven droplet ejection problem using the current OpenFOAM R© multiphase flow
solver for capillary phenomenon enhanced with novel extension and scripting technique.

This study was designed to resolve the challenge of capillarity-driven droplet ejection problem
by finding the characteristic dimensionless quantity in the special form of dimensionless
Weber number (We+) which determines the chance of droplet ejection from the nozzle as
well as the number of fluid drops. The tools used were all open-source programs. During
pre-processing steps, SALOME was used for creating and naming geometry. The geometry
was then transformed to OpenFOAM R© format. The mesh technique in this study was
blockMesh. Scripts based on m4 language were developed for parametrization purpose in
term of geometry such as diameter of cylindrical section, angle of nozzle section. The scripts
were also used to create OpenFOAM R© cases for different fluid properties. swak4FOAM,
a Python-based extension tool for OpenFOAM R© was the tool for defining and tracking
meniscus interface and number of drops ejected. From those data, the most important result
of this study, the regime map describing Weber number condition for droplet ejection, was
generated to compare with the results from analytical study (Wollman, 2012). The results
from this study were also compared with another numerical study (Mehrabian & Feng, 2014)
in term of droplet ejection condition and more interestingly contact-line pinning and velocity
which are the new data compared with ones achieved by analytical studies.

The regime map shows numerical and analytical data agree for the condition predicting
droplet ejection from nozzle which is We+ > 12. The data for the rise of bulk of fluid in
cylindrical section and the velocity of contact line at nozzle exit agree within 5%. The time
to simultaneously run and generate output four OpenFOAM R© cases was 1.5 hours which
were comparable with Drop Tower experiments which was 1 hour. This study will hopefully
soon provide solution featuring OpenFOAM R© to assist design of experiments in Drop Tower.
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