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Numerical studies of droplet impacting

(A numerical method of free surface flows with largely deformed interfaces and dynamic wetting)

BH BN
(Kensuke YOKOI)
=T 4 TR
(Cardiff Univ.)

We numerically study droplet impacting and splashing on dry and flat surfaces. The
numerical method consists of a coupled level set and volume-of-fluid (CLSVOF)
framework, the tangent hyperbola for interface capturing/weighed line interface
calculation (THINC/WLIC) method, the constrained interpolation profile-conservative
semi-Lagrangian (CIP-CSL) method, volume/surface integrated average based multi
moment method (VSIAMS3), and a continuum surface force (CSF) model. The numerical
framework can reproduce a droplet deposition case quantitatively and a droplet
splashing case at least qualitatively. Our numerical results have shown that the
dynamic contact angle plays a very important role in droplet behaviours on dry surfaces.
If we use a sensible simplified dynamic contact angle model, the predicted time
dependence of droplet behaviour is poorly reproduced. The result shows that precise
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Fig.2 Grid used in 2D case. U ;,V; ;, B, ;,C ¢
are defined at the cell center.
ui—1/2,j ’ui—1/2,j ,uiyj_l,z,uiyjﬂ,z are defined on cell

boundaries of each cell.
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Fig.3 Schematic figure of two dimensional volume
fractions. The dark part and the white part represent

the regions of X(X,Y) =1 and ¥(X,y) =0,

(a)SLIC (b)PLIC
Fig.4. Interface reconstruction by the SLIC method
and the PLIC method.
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Fig.5. Interface reconstruction by the WLIC method.
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Fig.6 Schematic figure of the level set method
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Fig.7 Schematic figure of CIP-CSL method.
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Fig.8. Contact angle implementation. The dash line
represents the imaginary interface in the solid.
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Fig.9. A measurement of dynamic contact angle (dots)
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Fig.10. A comparison between a numerical result (left) and
the experiment (right). The snapshots were not obtained
from the same experiment in which the dynamic contact
angle and the diameter were measured, although the
conditions are as similar as possible. This is because the
experiment to measure contact angle and diameter
captures only the right hand side of the droplet in order to

increase the resolution around the triple line.
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Fig.11. Time evolution of the contact patch diameter.
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Fig.12. Time evolution of the contact patch diameter.

Fig.13. Numerical result using the equilibrium angle.




180 . . . :
o Experimeng -+

160 Ky=9x10° k =9x 107~ ]
— 140 ¢ B
®
S, 120} ]
[0 !
S 100 | i 1
g i
@
g 80 . i 1
@ +*
T 60 T ]
o
© 4t ]

20 | ] |

0 A . \ \ ) 128x128x32 256x256x64
-0.4 -0.2 0 0.2 0.4 Fig.17. Numerical results of droplet splashing using
Ug, [m/s] 128x128x32 and 256x256x64.

Fig.14. A simplified dynamic contact angle model
(line).
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Fig.15. Time evolution of the contact patch diameter.

Fig.18. The top view of the result of 256x256x64.
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Fig.19. Test result of volume conservation.
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Fig.16. A comparison between a numerical result of
droplet splashing and the experiment [15]. The grid

resolution is 192x192x48.
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Tig.20. A numerical result of five droplets impacting onto a dry surface (left: side view, right: top view).



