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Analysis of droplet formation under sloshing phenomena in liquid fuel tank

Sungwoo Park” and Jinyul Hwang"

Abstract With the global shift from a carbon-based economy to a hydrogen-based economy, understanding
the sloshing phenomenon and its impact on boil-off rate (BOR) in liquid hydrogen (LH2) tank trailers
is crucial. Here, we analyze the primary breakup process under sloshing phenomena in a liquid fuel
tank. We observe the growth of multiple holes on the sheet-like structures and the formation of
ligament structures reminiscent of jet atomization. Through the extraction of three-dimensional liquid
regions, we analyze the geometrical characteristics of these regions, enabling the classification of
sheets, ligaments, and droplets. The present findings could contribute to understanding the breakup
mechanism and hold potential for the development of strategies aimed at minimizing BOR.
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2. Numerical details

2.1 Geometry and mesh
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Fig. 1. (a) Geometry of C-type tank: Height and radius
are 0.24 m, with a length of 0.88 m. (b) Illustration
of surface mesh.

2.2 Govermning equation
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Fig. 2. (a) Isosurface of LH2 (a, = 0.1) inside the
tank at # = 0.9 s. Here, light to dark shading indicates
an increase in o, (where larger values of a, correspond
to a large portion of LH2). (b) Time series of side
view depicting the occurrence of breakup, spanning
from top (¢t = 0.58 s) to bottom (r = 0.82s) with a
time increment of 0.06 s. (c) 3 key features of breakup
process at t = 0.64 5, t = 0.70 s, t = 0.76 s.
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Fig. 3. (a-d) Time series of a magnified view denoted
by the dotted box in (e); from 0.625 s to 0.70 s with
a time increment of 0.025 s. The red arrows indicate
the hole extension and yellow arrows indicate the
direction of ligament growth.
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3.3 Fuid region detection
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Fig. 4. Three-dimensional LH2 structures identified in
instantaneous flow fields. The characteristic sizes of
the structures are defined based on the sizes of the
bounding box.
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Fig. 5. (a) Time history of the number of the detected
liquid regions. Two peaks are observed, occurring at
t=0.9 and 1.7 5. (b) Number of the detected liquid
regions with respect to their volume at # = 0.9 s.
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