Vol. 49 No. 3

ooooooooo

goboboboobooobuobobuobobooboobooon

oft oo ooot?

o0o0oooo0ooO0o0OoO0o00oOoO000OO0OO00OOO0O0DOO0OO0O0OOOOOOOOOO
0o0oooo0oo0oo0ooDoO0Oo0O0O00O00O0O0D0O000D0000O00O00O0O00D0OD0O0
gooo0o0ooOoo0ooOoU0O0o0Oo0oO0OoO0oOO0ooOoOoODO0O00OO0ODOoOOoOooOoO
gooooO0o0oUOOo0oOoOooO0O0O0O0O0O0ODOOO0O0OO0OO0OOOODOOO0OOOOOOO
0000VOFO Volume-of-FluidDO OO OODODOO0OO0O00D00O000O0O0O0O0O0OO0DOOOORCIP
0 Rational-Constrained Interpolation Profile0 0 0000000000000 000O0OSTAADOO
goooooO0o0oOo0OoO0Oo0oO0oOOoDOo0O0O0DO0OO0OO0DDOO0OOO0O0OOODOOO0OOODO
0000000000000 000000D0000O00D000000O000000O0O00D00000
g0o0o0oo0o0o0o0ooO0oOooDOoU0OoU0O0DO0O0O0OOOO0OOODOOOOOOODO
go0oo0oO0o0ooO0oOooOoUOoOooO0o0OOOOoOobDOoOOOooOoOo

Animation of Ice Melting Phenomenon with Phase Change
Based on Thermodynamics

MakoTo Fusisawa®™ and KenjiRo T. MIuraf?

This paper proposes a fast and efficient method for producing physically-based animations
of the ice melting phenomenon, including thermal radiation as well as thermal diffusion and
convective thermal transfer. Our method adopts a simple color function called VOF (Volume-
of-Fluid) with advection to track the free surface, which enables straightforward simulation of
the phase changes, such as ice melting. Although advection of functions that vary abruptly,
such as the step function, causes numerical problems, we have solved these by the RCIP
(Rational-Constrained Interpolation Profile) method. We present an improvement to control
numerical diffusion and to render anti-aliased surfaces. The method also employs a technique
analogous to photon mapping for calculating thermal radiation. By the photon mapping
method tuned for heat calculation, the thermal radiation phenomenon in a scene is solved
efficiently by storing thermal energy in each photon. Here, we report the results of several ice
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melting simulations produced by our method.
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Fig.1 Advection of 1-dimensional square wave: (a) Initial
states; (b) Upwind difference; (c¢) CIP; (d) Rational-
CIP profiles after advection.
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Fig.2 2D simulation of falling droplets: (a) Initial state;
(b) Simulation result by RCIP method; (c) Simula-
tion result by our STAA method.
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Fig.3 An ice cube and an ice bunny falling into 90 °C hot water (64 X 64 X 64 grid).
water does not have much convection flow, the melt-

ing speeds of the ice cube above and below water are

different (50 X 50 x 50 grid). 06 D00DO0O0OO0OOODOOOODOOODOOOOOOOOODOO
0000000000 00o0o00ooOO00obOUOOobOUoOooOUoD
000000 64 x 64 x 64

Fig.6 Thermal radiation simulation by photon mapping.
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Fig.4 Differences of the melting speeds with convective
heat transfer. The duct labeled “FLOW?” is blow-
ing air and gas convection always exists in air. As

The yellow plate in the figure is a heat source, and
the quarter of cylinder located on the lower left hand
of the solid is a mirror (64 X 64 x 64 grid).
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Fig.5 Pouring 90 ‘C hot water onto an ice cube. The top
of the ice cube is melting more rapidly due to forced
convective heat transfer (64 x 64 x 64 grid).
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Fig.7 Laser melting. A laser beam is used to radiate from
a cylindrical source located at the top of the figure
(64 x 64 x 64 grid).
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