¥ 55 4% 4510 B Hm & X @ kK O F ¥ W Vol. 55 No. 10
2021 4F 10 A JOURNAL OF XI’”AN JIAOTONG UNIVERSITY Oct. 2021

i i78) 1 o I < B T R 45 oK A P SR TR A 5T

SRR S LA TP 7S O
(P 22 30 K RE VR 15 8 1 TR e 710049, T§%0)

WE: ATHRARBASHEFTEAB R EATAFIE, LT TANEEF 6 R T 4 @R &
RADSERIRGY R, 0 TR AR A6 TN EFRREKREBRGH I, KB
PR FOREE R OA B K 8 48 i R e e A d AR R B R R B4R 89 B R BRAL R AR S5 A AR 2
)6 e At A2 . R R, BRI AR T BOR E A AL ROE e, R R K AR AR R A2 B
BENTHESHENEAY R X EBRBENS LRI RAYmT+ 52 F . RE A TTAZT =
ARBREABLS: BEDEEMANRSNRELAFRARREABS, B @RERKN BT —
FHG N URRERBES. EHOHBRAE THREATRBAFRS KA FRHRBEARALALES
o, BizgFmR e s LR RE., BAFARET R ERNFHE T AR b B\ -3 Ao AR
i, B LS ERNFHRRAFFAFMEAT R, BTT RRRE = ey &4, A B &k ERE
T AT R

KW . rRBRREDESHEEABE FREFE

mENERE. TKI21 X#EirEMm: A

DOI: 10.7652/xjtuxb202110016 X EHS: 0253-987X(2021)10-0144-06

Experimental Research for Freezing Characteristics of
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Abstract: To enrich the understanding of droplet spreading dynamics and the mechanism of
freezing behavior, the role of surface temperature in influencing the droplet freezing process is
investigated experimentally by a high-speed camera. The evolution of spreading diameter and the
physical mechanism of different freezing patterns are analyzed. A hydrophilic silicon wafer and a
relatively high impact velocity are chosen to enlarge the contact area between the droplet and
substrate. Along with a high surface subcooling, the heat transfer rate through the droplet is
enhanced. Upon increasing the surface subcooling, the maximum spreading diameter slightly
decreases due to a relatively larger viscous dissipation. The effect of surface temperature on the
spreading process is relatively smaller compared with the freezing process. The final freezing
morphology is a central cap at a relatively high surface temperature, while a unique single-ring
pattern is formed at a relatively low surface temperature. The formation of the single-ring icing is

attributed to the ice nucleation at the central region induced by the enhanced heat transfer rate,
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resulting in an additional freezing front advancing both outwards and upwards during the freezing

process. A freezing regime map described by the dimensionless heat conduction rate and Weber

number indicating the conditions for the emergence of different ice profiles are proposed. This

approach provides new insights for controlling ice profiles in droplet-based applications.
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Fig. 1 Schematic diagram of experimental setup
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droplet at different surface temperature
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dynamics
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Fig. 5 Phase diagram of different icing patterns
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