O

Jubotdbgtdbootdbootdbotdboogbogbodt
ooooogn

Real-time Particle-based Method for Simulating Fluid Flows on Surfaces
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Yoshitaka Morof, Kei Iwasaki't, Yoshinori Dobashiftf and Tomoyuki Nishita!

Abstract Physically based fluid simulation is one of the most important research topics in computer graphics. Although
many methods have been developed that use 3D or 2D grids to simulate fluids, there are few methods for simulating fluid
flows on surfaces. We present a real-time particle-based simulation method for the flows on surfaces. The surfaces are param-
eterized in a 2D parameter domain and physical quantities of particles are calculated in the parameter domain. The flows are

simulated by updating the physical quantities of the particles, and the simulation is accelerated with a GPU. Our method

simulates the fluid flows of 30,000 particles in real-time.
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Overview of the SPH method for simulating flows on sur-
faces.
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Calculation of physical quantities.
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Kernel function in a parameter domain.
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Comparison of frame rates of simulations.

0000000000 |(a)] (b) | ()
128 x 128 32 | 7.5% | 1.9%
256 X 256 53 | 7.5 | 1.9%
512 x 512 27 | 14 | 1.8
1024 x 1024 13 7.0 3.2

512x 51200000 227,1300 0 (c) O 1024 x 1024 O
0000 10095400 0000000000000 100
00000 1000GPUDOOOODOOOOODODOO
googbobooobobooobooooboboboog
0000000000000 200000000000 4
0000000000000ooo2000000000
goboogboboboboobooobooboooooo
00030000000000000000

5. DOOOOoOoOoDOOg

GpPUOUOOOOOOODOOODOOOOOOODOOOO
gobogodbobobobobooboboobobooboo
gooboboobooboboboboboooboboobo
goboooboooboooboobobooobod
goboobooobbooboobboobbooboo
goboobooboboobooooboooboooobo
0000000doo0oooooooooooooo GPU
000000000o00oO0ooOoDoOoDOD300DO0O0oOoOoO
goboooboooboooboooboooboon
goobooobooobooboo

gogoboobobooboobboobbuoobboon
goobobooooobooboboboboboooboooo
gobooooobooooog

od ao

10 J. Stam, "Flows on Surfaces of Arbitrary Topology”, Proc. of
SIGGRAPH 2003, pp.724-731 (2003)

2[0J. Stam, ”Stable Fluids”, Proc. of SIGGRAPH 1999, pp.121-
128 0 (1999)

30 N. Foster, R. Fedkiw, ”Practical Animation of Liquids”, Proc. of
SIGGRAPH 2001, pp.23-30 (2001)

40 R. Fedkiw, J. Stam, H. Jensen, ”Visual Simulation of Smoke”,
Proc. of SIGGRAPH 2001, pp.15-22 (2001)

50 M. Muller, D. Charypar, M. Gross, "Particle-based fluid simula-
tion for interactive application”, Proc. of Symposium on Com-
puter Animation 2003, pp.154-159 (2003)

60 S. Premoze, T. Tasdizen, J. Bigler, A. Lefohn, R. Whitaker,
?Particle-based simulation of fluids”, Computer Graphics Forum,
22, 3, pp.401-410 (2003)

70 M. Muller, B. Solenthaler, R. Keiser, M. Gross, ”Particle-based
Fluid-Fluid Interaction”, Proc. of Symposium on Computer An-
imation, pp.1-7 (2005)

80 S, Clavet, P. Beaudoin, P. Poulin, ”Particle-based Viscoelastic
Fluid Simulation”, Proc. of Symposium on Computer Animation
2005, pp. 219-228 (2005)

ojbo0ooOoooooooobooobooooOooooooOo-rbobOobOooo
goooooooooooooo», 0000, 59, 10, pp. 1488-1493
(2005)

100 A. Kolb, N. Cuntz, ”Dynamic Particle Coupling for GPU-based

0 OoO0000000000000000000000O000000O0O0O0O000O0

Fluid Simulation”, Proc. of 18th Symposium on Simulation Tech-
nique, pp.722-727 (2005)

110 L. Shi, Y. Yu, ”Inviscid and Incompressible Fluid Simulation on
Triangle Meshes”, Computer Animation and Virtual Worlds, 15,
3-4, pp.173-181 (2004)

120 Z. Fan, Y. Zao, A. Kaufman, Y. He, ” Adapted Unstructured LBM
for Flow Simulation on Curved Surfaces”, Proc. of Symposium on
Computer Animation, pp. 245-254 (2005)

130 Y.Q. Liu, H.B. Zhu, X.H. Liu, E.H. Wu, ”Real-time simulation
of physically based on-surface flow”, The Visual Computer, 21,
8-10, pp.727-734 (2005)

140 X. Gu, Y. Wang, T.F. Chan, P.M. Thompson, S.T. Yau, ”Genus
zero surface conformal mapping and its application to brain sur-
face mapping”, IEEE Trans. Med. Imaging, 23, 8, pp.949-958
(2004)

150 S. Yoshizawa, A. Belyaev, H. Seidel, ” A fast and simple stretch-
minimizing mesh parameterization”, Proc. of Shape Modeling In-
ternational 2004, pp. 200-208 (2004)

od od

000000Muller 000 ®000020000000
000000000000000 (0000 A DODOD
0000000000D0000000000000000
Worys 00000

0<r<h

otherwise

4 (h? — r2)3
Whotys(r, h) = ThE 0

O000000000000000 Wew,0ODOOO

10 (h—r)?
Th® | 0

0<r<h

Ws 7 ’I",h =
pity (7 1) otherwise

goooooooooooooo W, 0oooo

3 2
Woin(rih) = 10 | —Fz+=+2—-1 0<r<h
e 3mh? 0 otherwise
oo gooo
O 00 2005 00000000000 02007

goooooooooobobooOooooob. oo
poboboooooooooooooboOoOooooooo
goooooooobooboooooooooobooboooooo

oooo oo

O [ 1990 000000000000 2001
000000000000 0000000000000
2004 00000000000000000000000
000000000000000000002007 000
0000000000000 000D000000no
Ooooooooo

000 poooo

OO0 00 1902000000000000 (00
0)00. 1994 000000000000000000
00000000000001997 0000000000
000000000000000000000200000
0000000000000000000000000
0000000000000000000000000

ooooO0o0o0ooo0oooOooooo

o oo gooo

OO0 OO0 19710000000000001973
0000000000000000000000000
001979 00000000000019840000000
1990 0000001998 0, 00000000001999
0000000000000000000000000
00000000000000000000000000

goooo




£ 4 2 4

(a) 0.0 sec (b) 2.7 sec (c) 5.4 sec ) 14.8 sec
04 O000O0O0OOOOOOOODOOOOOODOOOOOO

Simulation results of flows on plane with obstacles.
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Simulation results of flows on bunny model.
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Comparison of simulation results of flows on igea model with different particles.
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