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Fig. 1. Photograph of experimental setup (a) and enlarged
copper block with thin liquid pool (b), (c) (1-high speed
camera, 2-infrared radiation image camera, 3-micro-syringe
pump, 4-displacement adjustment platform, 5-voltage trans-
former, 6-PID temperature controller, 7- copper block with
thin liquid pool, 8-light source, 9-cooled dual-needles for

droplet release).
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Table 1.  Physical properties of FC-72 and silicon
oil at 1 atm (1 atm = 1.013x10° Pa).

ZH i)
AR (1 atm) T,,/C 56.6
B pa/( kgm?) 1680
FC-72 A ¢/ (Jm KT 1100
(1K) W L/ (kI kg ) 88
SR A\ (W-mLKY) 0.057
I ua/(kgmts?) 0.64x10°
HHL py/(kgm®) 9.7
FO-72 A ¢, /(Jm 1K) 900
(#) HEE N /(W K ) 0.0235
HIIFE uy/(kgm s 1.31x10°
W po/(kgm?) 960
A 0/ (Jm K1) 1460

i
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Fig. 2. (a) Temperature dispersion in the oil bath’s horizontal and deep directions; (b) calibration of surface temperature measure-
ment for silicon oil and FC-72; (c) the principle to locate the drop interface by IR measurement.
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Fig. 3. (a) Droplet diameters versus time at oil surface temperature of 88.2 °C and 128.0 °C; (b) two regimes distribution of droplet

life time at different oil surface temperatures.
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Fig. 4. (a) Droplet dynamics at nine specific time from a to i; (b), (c) three-regimes behavior of droplet dynamics during the whole

droplet lifetime at 7, = 88.2 C.
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Fig. 5. Temperature distribution on the droplet-dominated

and background-dominated regions at contact time.
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Fig. 6. Droplet surface temperatures along top view circle

(temperatures are plotted versus circumference angles).
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Abstract

Evaporation of droplets on a hot oil surface is a natural phenomenon. However, most of existing studies
focus on the evaporation of a single droplet, and the evaporation of multiple droplets is insufficiently
understood. Here, we explore the Leidenfrost evaporation of two identical FC-72 droplets on the surface of a hot
oil bath. The oil temperature ranges from 73.6 to 126.6 “C, and the evaporation of droplets each with an initial
diameter of 1.5 mm is recorded by an infrared thermographer and a high-speed camera. The shallow oil depth
keeps the oil temperature uniform relatively in the slot compared with that in the deep liquid pool due to the
larger ratio of the surface area for copper-oil contact to the slot volume. We find that the neighboring droplets
evaporate in three stages: non-coalescing, bouncing, and separating. The radius of neighboring Leidenfrost
droplets follows the power law R(t)~(1-t/7)", where 7 is the characteristic droplet lifetime and n is an exponent
factor. Moreover, the diffusion-mediated interaction between the neighboring droplets slows down the
evaporation process compared with the action of isolated Leidenfrost droplet and leads to an asymmetric
temperature field on the droplet surface, thereby breaking the balance of the forces acting on the droplets. A
simple dual-droplet evaporation model is developed which considers four forces acting horizontally on the
droplet, namely, the Marangoni force resulting from the non-uniform droplet temperature, the gravity
component, the lubrication-propulsion force, and the viscous drag force. Scale analysis shows that the
Marangoni force and gravity component dominate dual-droplet evaporation dynamics. In the non-coalescence
stage, the gravity component induces the droplets to attract each other, while the vapor film trapped between
droplets prevents them from directly contacting. When the droplets turn smaller, the gravity component is
insufficient to overcome the Marangoni force. Hence, the droplets separate in the final evaporation stage.
Finally, we conclude that the competition between Marangoni force and gravitational force is the origin of the
bounce evaporation by comparing the theoretical and experimental transition times at distinct stages. This

study contributes to explaining the complex Leidenfrost droplet dynamics and evaporation mechanism.
Keywords: Leidenfrost droplets, droplet dynamics, evaporation, heat transfer

PACS: 44.35.+c, 64.70.th, 68.03.Fg, 68.35.Ct DOI: 10.7498/aps.72.20221822

* Project supported by the National Natural Science Foundation of China (Grant Nos. 52130608, 51821004).

1 Corresponding author. E-mail: xjl@ncepu.edu.cn

054401-12


http://doi.org/10.7498/aps.72.20221822
mailto:xjl@ncepu.edu.cn
mailto:xjl@ncepu.edu.cn

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

YHTE _EAE4RLeidenfros t ¥R HIAH EAE F KRB ShHLH]
IR mER
Interaction and motion of two neighboring Leidenfrost droplets on oil surface

Wang Hao  Xu Jin-Liang

515 &, Citation: Acta Physica Sinica, 72, 054401 (2023) DOI: 10.7498/aps.72.20221822
TEZE RT3 View online: https:/doi.org/10.7498/aps.72.20221822
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

JEISIVERE B S S (038R F 9K Sl

Self-propulsion droplet induced via periodic explosive boiling

WAL 2021, 70(24): 244703 https://doi.org/10.7498/aps.70.20211386

RGeS RN L2 R ki 8l g~

Dynamics of evaporating drop on heated surfaces with different wettabilities

PPz 2018, 67(11): 114702 https://doi.org/10.7498/aps.67.20180159

VU AR R TR St B
Temperature charateristics of droplet impacting on static hot pool

PyFEEEAR. 2019, 68(23): 234702 hitps://doi.ore/10.7498/aps.68.20190809

/NG 88 o BE T A AR R EL A
Numerical analysis of heat transfer characteristics of small droplets impacting on wall

PFEEEAR. 2021, 70(7): 074402 hitps:/doi.org/10.7498/aps.70.20201354

ANKIRG 2 AT AR W PR T 3h 2517 N 2313 )~ AL

Molecular dynamics simulation on dynamic behaviors of nanodroplets impinging on solid surfaces decorated with nanopillars

YrH2E . 2021, 70(13): 134704 https://doi.org/10.7498/aps.70.20210094

e fil £y IR RS - TR 5 i R X R 28 K S A R R )
Effect of contact angle hysteresis and sensitivity of gas—liquid interfacial tension to temperature of a sessile—drop on evaporation
dynamics

WAL 2021, 70(20): 204701 https://doi.org/10.7498/aps.70.20210294


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20221822
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20211386
https://doi.org/10.7498/aps.67.20180159
https://doi.org/10.7498/aps.68.20190809
https://doi.org/10.7498/aps.70.20201354
https://doi.org/10.7498/aps.70.20210094
https://doi.org/10.7498/aps.70.20210294

	1 引　言
	2 实验方法
	2.1 实验装置
	2.2 温度校验及液滴温度边界的确定

	3 实验结果与讨论
	3.1 液滴的大小变化
	3.2 相邻Leidenfrost液滴蒸发的分区
	3.3 Leidenfrost液滴的蒸发干涉效应

	4 干涉作用下液滴的受力分析
	5 结　论
	参考文献

