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Fig. 1. Schematic diagram of the experimental setup for

DRSS

droplet impact on a heated surface: (a) Side-view; (b) aeri-

al-view.
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Table 1.  Properties of the liquids used in this study.
NN RS I p/kg - m—3 Ffisk Sy o /mN - m—1 B p/mPa - s AL L /KT - kg™t

7K 998 72 1.00 2257
K + Hh(28 wt%) 1068 70 2.35
7K+ Hil(34 wt%) 1083 70 3.00
7K + Hih(39 wt%) 1097 70 3.63
7K+ Hil(56 wt%) 1143 68 9.00
K+ H(75 wt%) 1195 66 42.47

LB 790 22 1.07 853
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Fig. 2. Morphologies of water droplet impacting on heated surfaces in three boiling regimes, the red circles and arrows highlight the

spray-like ejection of tiny droplets: (a) Nucleate boiling, We =37 and T = 260 °C; (b) retraction-bouncing mode in transition

boiling regime, We = 37 and T = 380 °C; (c) bouncing-with-spray mode in transition boiling regime, We = 69 and T = 380 °C
for (cl), and We =105 and T =380 °C for (c2); (d) retraction-bouncing mode in film boiling regime, We =25 and
T =400 °C for (d1), and We =25 and T =440 °C for (d2); (e) bouncing-with-spray mode in film boiling regime, We = 60

and T =440 °C for (el), and We =129 and T = 440 °C for (e2).

AT FA) 33 1 DX %) 43 25 Sy XY R T I B IR, Ak B
TERAFAET- W WS B G , Wg L3 S 42 Aot s 01
PR I 5 21 R T Ak B S YR T, 7 TR 1 DX 3 ey
TOKIE S PR R AP S A B, o — 2D
FREZS W s X 5 A T AR BEAS W B (gentle film
boiling) 155 4L AWk 5 (spray film boiling). A
SCOR T BT B M AR AR AR B PR A A o A e B
s TR Y728 Ak, e ek 5 RV TR IS 5 B TR P22 fl 155 T
ST = VL7 W S 300 G R AR 7 e i 7 L A ) 5
o SCHR [10] Hh 942 el 15 DX 3553 S S A 25 0 1 1X
S Y 1 DX 58, AT X P T s DX 3kt A 7

SCHR [10] ARSI, TRAR I A AR A0 1o
i I DX IR Al S DX EA T T 2.

AR i BRI B B ] Y 5 T s R AR 2
TEABIEFER FIA A i AR ] LU E. 9 T
7E 25 A AT YRR B B IR A) RS2 25, S
SR T AT L ] H i K AR -G 4 O WO
FOZRERE, O ¥ X2 YRS ) LA Do A s EE vV, ARSC
T B R T IR 3E B N [R) A 52 9800 B
ISR, AN 3 TR,

YRR TR o AR L 7 3 TR B A A e I DX I
A T O EACRE AT 1 [ 2 5P A A 2 ) B B I 1) A2 T

154701-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 15 (2019)

154701

15
n K

A 4% HIAUKITR A
o 56% HilFIKIIR A

10 i{

o
e

g
>
5k
o 28% HiulFKIRA
39% HlFK IR A
< 75% HilFUK TR A
0 1 1
1 10 100

1/mPars

3 WRRF A 55 AL SR AR T B PR ] 15 M (O
EHAN 2.8 mm, FEHEE 1.2 m-s7!)
Fig. 3. Effect of liquid viscosity on the residence time of the

bouncing-with-spray mode. The droplet diameter is 2.8 mm,

and the impact velocity is 1.2 m-s~!.
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Fig. 7. (a) Schematic diagram for the theoretical model for the burst of vapor bubbles; (b) the time of maximum spreading diamet-
er of water droplets normalized by droplet free oscillation period; (c) log-log plot for the normalized maximal spreading diameter of
; (d) log-log plot for AT ~ V~1 boundary line

between the retraction-bouncing mode and the bouncing-with-spray mode in the film boiling regime for water droplets, the droplet

water droplets versus We in the film boiling regime, showing Dmax/Do ~ We™

diameter is 2.2 mm; (e) regime map for a water droplet impacting on a heated silicon wafer and the transition between the retrac-
tion-bouncing mode and the bouncing-with-spray mode, the red dashed line is only for eye guidance, the droplet diameter is
2.2 mm.
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Bouncing-with-spray mode and residence time of droplet
impact on heated surfaces”

Rong Song  Shen Shi-Quan  Wang Tian-You  Che Zhi-Zhaof

(State Key Laboratory of Engines, Tianjin University, Tianjin 300072, China)
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Abstract

The impact of droplets on surfaces is a ubiquitous phenomenon, and reducing the droplet residence time is
the aim of many studies because of the potential applications in self-cleaning, anti-icing, corrosion resistance,
etc. This study identifies a mode of droplet bouncing (bouncing-with-spray) that can reduce the residence time
significantly. And compared with the way of using complex microstructures on the substrate employed in
previous studies, simply heating the substrate to reduce the residence time is novel and simple. The
dimensionless residence time decreases down to about 40% compared with that from the traditional retraction-
bouncing mode. The reduction in the residence time is due to the burst of vapor bubbles in the liquid film,
which results in holes forming in the liquid film and consequently the liquid film recoiling from the holes. The
reduction in the recoiling distance leads to the reduction in the recoiling time. Then a simplified theoretical
model with considering the energy balance and the critical condition of the bubble burst is proposed. According
to this theoretical model, a scaling law is proposed for the transition boundary between the retraction-bouncing
mode and the bouncing-with-spray mode in the film boiling regime, and it accords well with our experimental
data. This model can also explain the transition boundary between these two modes in the transition boiling

regime.

Keywords: droplet impact, Leidenfrost effect, residence time, bouncing
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