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Figure 1 (Color online) Schematic of experimental equipment and
sample preparation. (a) Schematic diagram of the experimental setup;
(b) sample preparation flowchart; (c) measurement of contact angle.
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Figure 2 (Color online) Freezing delay of droplets at varying
volumes.
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Figure 3 The freezing dynamics of a single droplet (7, = —8.9°C
+0.1°C). (a) The freezing dynamics of a single droplet; (b) locally
magnified dendritic details; (c) thermocouple temperature measurement
data of droplets with different volumes.
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Figure 4 Side view of dendritic growth during the three-dimensional
droplet recalescence stage. (a) Ty, = —6.5°C£0.1°C; (b) Ty, = —8.4°C
+0.1°C; (c) Ty = —12.6°C£0.1°C.
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Figure S Top view of dendritic growth during the three-dimensional
droplet recalescence stage. (a) Ty, = —6.5°C£0.1°C; (b) T, = —8.4°C
+0.1°C; (c) Ty = —12.6°C£0.1°C.
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B 6 4EiiE R A K. (a) T = —6.5°C+0.1°C;
(b) Ty, = —8.4°C+0.1°C; (¢) Ty = —12.6°C+0.1°C

Figure 6 Two-dimensional dendritic growth during droplet recales-
cence. (a) Ty, = —6.5°C+0.1°C; (b) Ty, = —8.4°C+0.1°C; (¢) Ty =
—12.6°C+0.1°C.
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Figure 7 (Color online) Schematic diagram of three-dimensional
droplet recalescent dendritic morphology. (a) Ty, = —6.5°C+0.1°C;
(b) Ty, = —8.4°C+0.1°C; (c) Ty, = —12.6°C+0.1°C.
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Figure 8 Infrared images of two-dimensional dendritic growth during
droplet recalescence. (a) Ty, = —6.5°C+0.1°C; (b) Ty, = —8.4°C+0.1°C;
(c) Typ = —12.6°C+0.1°C.
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Figure 9 Variation of the average dendritic diameter and length with
surface supercooling. (a) Measurement of average dendrite diameter; (b)
relationship between surface supercooling and average dendrite
diameter; (c) relationship between surface supercooling and average
dendrite length.
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Figure 10 (Color online) Variation of dendritic porosity with surface
supercooling. (a) Side view of dyed droplet absorbed water after
freezing; (b) top view of dyed droplet absorbing water after freezing;

(c) schematic diagram of porosity calculation process; (d) relationship
between surface supercooling and dendrite porosity.
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Recalescent dendritic morphology during supercooled droplet freezing

ZONG XiaoXiao', NIU YuYing', CAI HaoTing' & Zhao YuGang'”

]Shanghai Key Laboratory of Multiphase Flow and Heat Transfer in Power Engineering, School of Energy and Power Engineering, University of
Shanghai for Science and Technology, Shanghai 200093, China
2Key Laboratory of Icing and Anti-/de-icing, China Aerodynamics Research and Development Center, Mianyang 621000, China

Supercooled liquids exist in a metastable state. Their non-equilibrium solidification process is often accompanied by recalescence
phenomena. During the recalescence stage of explosive droplet freezing, numerous discretely distributed dendrites are generated. The
morphological characteristics and evolution mechanisms of these dendrites not only determine the microstructure of the ice but are
also key to understanding interface dynamics in the non-equilibrium phase transitions of complex materials (such as alloys,
semiconductor monocrystalline silicon, etc.). To investigate the morphological characteristics of dendrites formed during the
recalescence stage of supercooled droplet freezing, their formation mechanisms, and their thermodynamic and kinetic origins, this
study combines experimental results from three-dimensional droplets with corresponding observations in a two-dimensional Hele-
Shaw cell. It systematically investigates the dendritic growth process during recalescence in droplets at varying surface temperatures.
The experimental results show that as the surface temperature decreases, the recalescent dendritic morphology undergoes a significant
transformation, evolving from discrete dendrites into clustered crystals and ultimately forming an interlocking network-like dendritic
structure. Concurrently, the dendrite diameter refines remarkably, decreasing from coarse (approximately 88—156 um) to fine
(approximately 11-37 um), with the overall growth morphology exhibiting a trend towards densification and compactness.
Furthermore, this study quantitatively analyzes the relationships between surface temperature and the average dendrite diameter,
average dendrite length, dendrite porosity, as well as the proportion of the ice phase at different heights within the droplet. This
provides crucial experimental evidence for revealing the microscopic mechanisms of supercooled droplet freezing and for controlling
the morphology of dendritic microstructures.

supercooling, non-equilibrium phase transition, droplet, freezing, recalescence stage, dendrite, ice morphology
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