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Table 1.  Theoretical models for predicting the maximum spreading factor.
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Fig. 1. The droplet spreading experiment platform. (A: high
speed camera (Photron APX RS); B: high speed camera
(Photron Mini UX100); C: micro syringe pump (LSP01-
1 BH); D: droplet generating device; E: heating platform; F:
diffuse light source; G: data acquisition computer; H: linear
displacement slide.
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Fig. 2. SEM images of (a) smooth copper surface and (b) superhydrophilic surface.
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Fig. 3. Droplet spreading process: (a) Smooth copper hydrophilic surface; (b) superhydrophilic surface at We = 1.91; (c) superhy-

drophilic surface at We = 25.59.
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Fig. 4. The variation of spreading factor § with time.
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Table 2.  Comparison of previous model?™3? prediction value of 3, with experimental data.

Vo/(m-s) We  Bmexp Chandra %527 Pasandideh-Fard 4528 Mao%52  ParkZEB2  Ukiwe ZEB0  HuangZFBl
0.25 1.91 341 2.4 6.37 3.05 11.31 5.84 0.58
0.44 5.90 3.46 2.1 4.82 2.55 7.93 4.42 0.44
0.60 10.77  3.60 1.97 4.37 2.41 6.67 4.02 0.35
0.71 1526 3.82 1.93 4.20 2.37 6.09 3.90 0.29
0.93 25.59  3.93 1.89 4.07 2.35 5.41 3.82 0.20
130 51.17  4.08 1.90 4.08 2.38 4.9 3.93 0.12
1.50 68.59  4.26 1.91 4.13 2.41 4.78 3.93 0.10
1.89 109.3 443 1.93 4.26 2.47 4.67 4.07 0.06
2.35 168.98 4.70 1.97 4.42 2.54 4.66 4.24 0.04
2.8 239.89 4.90 2.00 4.57 2.60 4.72 4.39 0.03
3.08 290.08 5.00 2.02 4.67 2.64 4.76 4.48 0.02
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Fig. 5. Sketch of droplet shape at its maximum spread on

superhydrophilic surface.
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Fig. 6. (a) Variation of the energy component: AFE,, AE,,
W, AE, with We; (b) comparison of the energy component:
AEy, AE, W, AE, at low We.
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Fig. 7. (a) Variation of the viscous dissipation components
value with We; (b) comparison of the Wy, Wyq at low We.
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Fig. 8. Comparison of the current experimental measure-
ments of (3, with the theoretical prediction from model

(models includes without E,, without W,q and present
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L. T3 AR 1 T R0 Bl Ji o e rh i ) B
Ak, I LATERS T A TN 25 2Rk, R B /K 28
B K L 5 4] A2 B aER A2 k. A AE
2K AL, P TR Bl 1 AR R R R
SO, O FRE AR S M . N X
6% MY E SRR, TEAR We T 2 SUTHM(E B 8 Jw K
FISCH BTN, Bk 15 3B AY 5 LA T ERH
A We N /KR RO HH R EAR A EE 2. Y
A, A 3 7R, AS SRR AT AT LA 28 3 Sk 25:29)
RS Al A O 37°—111°RY AR AU T AR OR

model).
3 AR SCERITHIN -5 SR 2529 pOAS [ T VA 2R T 10 e KA R R 1 S (BN L
Table 3.  Comparison of current theoretical model of 3, with experimental data in literature22.
EaLE AT TS Dy, mm Vo/(m-s™) We 0/(°) Brn-exp Bra-model (Breexp Bumemode) / Grn-model
BEHS /7K 2.7 0.55 11.21 37 1.77 2.41 0.26
EHS /7K 2.7 0.82 24.91 37 2.20 2.74 0.19
Yeag /K 2.7 1.00 37.05 37 2.53 2.94 0.14
EHS /7K 2.7 1.58 92.48 37 3.11 3.51 0.11
Yeag /K 2.7 1.86 128.17 37 3.70 3.81 0.03
EHS /7K 2.7 2.77 284.26 37 4.50 4.48 0.00
Yeag /K 2.7 3.72 512.67 37 4.94 4.89 0.01
AN /K 2.7 0.55 11.21 67 1.67 1.95 0.14
AW /7K 2.7 0.82 24.91 67 2.16 2.28 0.05
AW /7K 2.7 1.00 37.05 67 2.34 2.51 0.06
AW /K 2.7 1.58 92.48 67 3.09 3.13 0.01
AN /7K 2.7 1.86 128.17 67 3.67 3.38 0.08
AW /7K 2.7 2.77 284.26 67 4.42 4.15 0.06
AN /7K 2.7 3.72 512.67 67 4.88 4.65 0.05
VEL VY 2.7 0.55 11.21 97 1.65 1.58 0.04
g /K 2.7 0.82 24.91 97 2.10 1.91 0.10
VEL VY 2.7 1.00 37.05 97 2.26 2.13 0.06
g /K 2.7 1.58 92.48 97 3.01 2.79 0.07
VEL VY 2.7 1.86 128.17 97 3.60 3.09 0.16
g /K 2.7 2.77 284.26 97 4.32 3.89 0.11
VEL VY 2.7 3.72 512.67 97 4.78 4.44 0.08
et /7K 0.62 2.61 59 111 2.65 2.19 0.21
T /7K 0.78 3.29 118 111 3.18 2.76 0.15
et /7K 0.89 3.71 171 111 3.45 3.09 0.11
et /7K 0.98 4.00 219 111 3.79 3.33 0.14
e /7K 1.05 4.28 271 111 3.91 3.53 0.10
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Abstract

Liquid droplets impacting on the solid surface is an ubiquitous phenomenon in natural, agricultural, and
industrial processes. The maximum spreading diameter of a liquid droplet impacting on a solid surface is a
significant parameter in the industrial applications such as inkjet printing, spray coating, and spray cooling.
However, former models cannot accurately predict the maximum spreading diameter on a superhydrophilic
surface, especially under low Weber number (We). In this work, the spreading characteristics of a water droplet
impacting on a superhydrophilic surface are explored by high-speed technique. The spherical cap of the
spreading droplet, gravitational potential energy, and auxiliary dissipation are introduced into the modified
theoretical model based on the energy balance. The model includes two viscous dissipation terms: the viscous
dissipation of the initial kinetic energy and the auxiliary dissipation in spontaneous spreading. The energy
component analysis in the spreading process shows that the kinetic energy, surface energy, and gravitational
potential energy are all transformed into the viscous dissipation on the superhydrophilic surface. The
transformation of surface energy into viscous dissipation is dominant at lower We while the transformation of
kinetic energy into viscous dissipation is dominant at higher We. It is found that the gravitational potential
energy and auxiliary dissipation play a significant role in spreading performance at low We according to the
energy component analysis. Moreover, the energy components predicted by the modified model accord well with
the experimental data. As a result, the proposed model can predict the maximum spreading diameter of a
droplet impacting on the superhydrophilic surface accurately. Furthermore, the model proposed in this work can
predict the maximum spreading diameter of the droplet impacting on the hydrophilic surface and hydrophobic
surface. The results of this work are of great significance for controlling droplet spreading diameter in spray

cooling and falling film evaporation.

Keywords: superhydrophilic surfaces, maximum spreading diameter, gravitational potential energy, auxiliary
dissipation
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