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Abstract

In this paper, we propose a new method to stable simulation the directional ice shape by coupling of freezing solver and viscous
water flow. The proposed ice modeling framework considers viscous fluid flow in the direction of ice growth, which is important
in freezing simulation. The water simulation solution uses the method of applying a new viscous technique to the IISPH(Implicit
incompressible SPH) simulation, and the ice direction and the glaze effect use the proposed anisotropic freezing solution. The
condition in which water particles change state to ice particles is calculated as a function of humidity and new energy with water
flow. Humidity approximates a virtual water film on the surface of the object, and fluid flow is incorporated into our anisotropic
freezing solution to guide the growth direction of ice. As a result, the results of the glaze and directional freezing simulations are

shown stably according to the flow direction of viscous water.
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Figure 3: Growth direction vector with anisotropic kernel (blue ar-
row : gvicelsolid red particle : ice particle).
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(a) Akinci et al. [34]

(b) He et al. [32]

Figure 5: Comparison results of surface tension (inset image :
Zoom-in).
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Figure 6: Simulation of freezing water using Im et al. [5] (particle
: fluid particle, mesh : ice surface).
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(a) Only IISPH fluids (b) W/ surface tension using He et al.

(c) W/ surface tension+low viscosity [l (d) W/ surface tension+high viscosity

Figure 7: Comparison results of viscosoty force F°°
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Figure 8: Comparison results of viscosity forces F;Z, ., and
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Algorithm 1 Pseudo-Code of Our Algorithm

for each frame do
// Base water solver
Advect 3D water partices using IISPH // Section 3.1
Compute the interaction of water & solids
// Freezing water solver
Viscosity force / Section 3.2.4
Surface tension and air pressure forces // Section 3.2.4
Virtual water film // Section 3.2.1
Anisotropic direction for growthing // Section 3.2.2
Phase transition from water to ice // Section 3.2.3
Ice surface reconstruction // Section 3.2.5

end for

5. A3y
2 ol AL AW olel gele
o A ue] 2 o A vl s e

= 2457 94

(a) (b)

Figure 9: Freezing water simulations on the Stanford Bunny with
our method (inset image : Im et al. [5], particle : fluid particle, mesh
. ice surface).
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U2 22 =Y dolA s A o BAEHE d29 =
gojlz a3 22 W2 JeE A ZFHATE o] T z 9JofA
T 289 7IHE Fdol28} 1A W wet FAFHE
WAE = €439 JeE 2 293tk Im 5 oA = [5]
52 RAFHA W Sl FAY LAY o L BAE
FEUZ s2WA dojE = JHETE Lo 2 JHE WA
= A}E 2 ¥} (Figure 9b X)),

Figure 102> A A 2o A A== W2 JH 22474 =
2 Qo thet v wE HojFE Aotk Im

A F 01]/\1¢vﬂl AAES] B 22 A w2 WA
Fef7F A2 A= A 9= WA (Figure 10a 3H2), Al <Hs}

o[
1o
oL
rf
rlo
“©

(a) Im et al. [5]

(b) Our method

Figure 10: Quality comparison at the boundary region between (a)
Im et al. [5] and (b) our method (red rectangle : boundary region,
particle : fluid particle, mesh : ice surface).

712 35 YA 2855 €59 oF2 2H(Thin sheets)
T A Ao A BIAME tFoE WE FElE
z 38 ) (Figure 10b ZX)
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A2 PR PYEE = 235 F HojFrh Armadillo®
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ofFth oA s Ao A% I gvE Qe WE FH
7V A IA AR = AFHE IS = AT} (Figure 119] red

rectangle #F=).

Figure 11: Freezing water simulations on the Armadillo with our
method (mesh : ice surface, red rectangle : anisotropic surfaces of
freezing water).
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Figure 12: Freezing water simulations on the Utah Teapot with our
method (particle : fluid particle, mesh : ice surface, inset image :
Im et al. [5]).
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