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Numerical simulation of liquid drop impacting onto
solid surfaces with smoothed particle hydrodynamics
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(1. School of Mechatronice Engineering, North University of China, Taiyuan 030051, China;
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Abstract: The phenomena of liquid drop impacting onto solid surfaces exist widely in nature and industrial production.
In-depth study of liquid drop impacting is thus of great importance to environmental engineering, micro-nano engineering, bio-
and chemical engineering. This paper presents a numerical simulation of a single liquid drop impacting onto solid surfaces with
smoothed particle hydrodynamics (SPH). SPH is a Lagrangian, mesh-free particle method, and it is attractive in dealing with free

surfaces, moving interfaces and deformable boundaries. In order to improve computational accuracy, the modified schemes
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of kernel gradient for SPH were used. Surface tension effects were modeled using the interaction force between particles, the

modified SPH method was used to investigate liquid drop impacting onto solid surfaces.It is demonstrated that the SPH

method can effectively simulates the problem of liquid drop impacting onto solid surfaces. It can well describe the dynamics of

splashing and spreading with accurate and stable results. The obtained numerical results agree with experimental observations.
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Fig.1. Schematic illustration of liquid drop
impacting onto solid surfaces
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We = 1498

Fig.2. The morphology and pressure field evolution during the drop impacting process ( We = 1498)
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Fig.3. Pressure history of a monitoring point ( We = 1498)

2
4
3
2
1
1 3
2 2
3
0.4 ms
4
2

5

D =D, /D £ =Ut/D
[22]
SPH
5
SPH
SPH
SBT
SPH

SPH



638 A 2012 6
p: 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000
0. 0284 0. 0289 0.0289
0. 024 0. 024 4 0. 0241
0. 0209 0. 020 0.020 /a
] ] b
0. 0167 0. 0161 0.016
0. 012 0. 012 0.0129
rrrjprrrrprrrryrrrrprrrrproee LEEN SASAN RS ASS RELEE EEEEE B TiTtTfirtrfrrrrfrrrryryrrrqrrey
0. 024 0. 028 0. 032 0. 036 0. 040 0. 024 0. 028 0. 032 0. 036 0. 040 0. 024 0. 028 0. 032 0. 036 0. 040
(@) t=0.00001 s (b) ¢=0.00003 s (c) t=0.00005 s
0. 0284 0. 028
0. 0244 0. 024
0. 020 0. 020 4
0. 016 0. 016 3
0. 012 0.012
T T LI T T T T T TTrTrfrrrrfrrrrfrrrrrrrrrprry
0. 024 0. 028 0. 032 0. 036 0. 040 0.024 0.028 0. 032 0. 036 0. 040 0.024 0. 028 0.032 0. 036 0. 040
(d) ¢=0.00007 s (e) ¢=0.00010 s (f) ¢=0.00020 s
]
0.028
1
0.024 1
]
0. 020
0.016
0.012 7
—— T

0.024 0.028 0.032 0. 036 0. 040

(g) t=0.00040 s

4 We = 1498

0.024 0.028 0.032 0. 036 0. 040
(h) t=0.00050 s

0. 024 0. 028 0. 032 0. 036 0. 040
(i) t=0.00060 s

30°

Fig.4. The result of liquid drop impacting onto inclined surfaces (We = 1498, the angle of inclination is 30°)
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Fig.5. The relation of spread factor with dimensionless time
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