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» Grand Challenges
 Convergence, consistency and stability
« Boundary conditions -
« Adaptivity - -
 Coupling to other models .’
 Applicability to industry

SPHERIC

Joe Monaghan Prize

®* To honor those have made outstanding advances in recent

years on one or more of the SPHERIC Grand Challenges

https://www.spheric-sph.org/grand-challenges
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Viscous Incompressible Fluid
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- FB1EMIZEIE (Reynolds Transport Theorem)
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Incompressibility V-u=0 or P = Po

Momentum Equation: — = 4~y +| “v2ul+ 2
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src/Topology/Cuda/Topology/GridHash.cu
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« T U EBIAE (Position—based method)

« XK#EEPE P = Po

« T =% (Projection—based method)
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Miles Macklin, Matthias Muller. Position Based Fluids, ACM TOG, 2013
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« T ER AL (Position—-based method)
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Standard PPE Variational Form

C. Batty, F. Bertails, and R. Bridson, “A fast variational framework for accurate solid-fluid coupling,” ACM Trans. Graph.,
vol. 26, no. 3, Jul. 2007
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Xiaowei He, Huamin Wang, Hongan Wang, Guoping Wang, Enhua Wu. A Variational Staggered Particle Framework for
Incompressible Free-Surface Flows, [arXiv:2001.09421], 2020



https://arxiv.org/pdf/2001.09421.pdf

ANA] )

5T (Incompressibility )

ISCAS to#saadnyn

Institute of Software, Chinese Academy of Sciences

« T =% (Projection—based method)
/',”‘O’\\\\\
1 /(1 1\p;i—p; /o Or@
2 ~+ : > ]wij O,’ @ ]O
- po al a] rl] “‘\O i ,,;
J 0.0 0 0
* * \\“O’
=12 1+1 i e L
At . a; (Xj 2 H e
] OJ ™ O
@/ i o
o ® O
©@ "0 9,0







ISCAS ¢t o#%nensun

\i/ I ‘E ( V u . ) Institute of Software, Chinese Academy of Sciences
\ |scos|ty




Fha4E (Viscosity)

- BRI BIRR

eV;(u; — u; )W

-
-
-
-
-
-
-
-
-
-
-
-
-
-

[Schechter and Bridson 2012]
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[Liu et al. 2021]
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ZRFEE XM Viscosity solved first Incompressibility solved first




SCAS to#Enadmxn

ﬂlﬁ ’I‘E ( Vi i Instltute of Software, Chinese Academy of Sciences
: SCosity

o ETSIMPLEIE A BUAYTHE AN AT & Ha 7t 448 ok %

SIMPLE iterations: 1 SIMPLE iterations: 2 SIMPLE iterations: 4 SIMPLE iterations: 8 SIMPLE iterations: 16

Shusen Liu, Xiaowei He, Wencheng Wang, Enhua Wu. Adapted SIMPLE Algorithm for Incompressible SPH Fluids
with a Broad Range Viscosity, TVCG, 2021
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1 FRAIE (Boundary Handling)

B RKIFHRL (Particle deficiency)

T) = ), ()T (xi— %)
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 Ghost Particles vs. Semi-Analytical

time-comsuming & high memory cost

Christoph Gissler, Andreas Peer, Stefan Band, Jan Bender, and Matthias Teschner. 2019. Interlinked SPH Pressure Solvers for Strong Fluid-Rigid
Coupling. ACM Trans. Graph. 38, 1, Article 5 (February 2019), 13 pages
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» Ghost Particles vs. Semi-Analytical

Yue Chang, Shusen Liu, Xiaowei He, Sheng Li, Guoping Wang, Semi-analytical Solid Boundary Conditions for Free
Surface Flows, Computer Graphics Forum, 2020
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1B RAIE (Boundary Handling)

« Semi-Analytical Solid Boundary Condition
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« Semi-Analytical Solid Boundary Condition
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« Semi-Analytical Solid Boundary Condition
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src/Dynamics/Cuda/SemiAnalyticalScheme/IntersectionArea.h









S'AS ¢ @*‘f% ﬁ:i‘:ﬂ"ﬁﬁtﬁfr

Software, Chinese Academy of Sci

FZmok S (Surface Tension)
s FoaZRmKS]




xit

3

ol 47 (Surface Tension)
5k JIE N

Sharp interface

Normal

F = okn

Curvature



SMmak 1 (Surface Tension)
« REKNENX

__——N
f—

-~

_—
—_—y
il S

ISCAS o8 snedmarn
In

stitute of Software, Chinese Academy of Sciences

Ak 5

[Tt

Xt




ISCAS +o# 4 natAun

g_t/( jj ( S u rf a C e Te n S i O n ) Institute of Software, Chinese Academy of Sciences
« RETKNEX

xit

i

K
€= Ivel?av

Diffuse interface

Xiaowei He, Huamin Wang, Fengjun Zhang, Hongan Wang, Guoping Wang, Kun Zhou. Robust Simulation of Sparsely Sampled Thin Features in SPH-Based Free
Surface Flows. ACM Transactions on Graphics (SIGGRAPH), 34(1):1-9, 20, 2014.



xit

ol 47 (Surface Tension)
. @A R

Vci|? + |Vcj|?
E — | W]
D Ve, VW
V= :
2. VW,

Diffuse interface

Xiaowei He, Huamin Wang, Fengjun Zhang, Hongan Wang, Guoping Wang, Kun Zhou. Robust Simulation of Sparsely Sampled Thin Features in SPH-Based Free
Surface Flows. ACM Transactions on Graphics (SIGGRAPH), 34(1):1-9, 20, 2014


http://peridynamics.com/
http://web.cse.ohio-state.edu/~wang.3602/index.html
http://www.graphics.pku.edu.cn/members/wgp/index.htm#EN_intro
http://www.kunzhou.net/
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« Semi-Analytical Surface Tension Model
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Nurshat Menglik, Hebin Yao, Yi Zheng, Jian Shi, Ying Qiao, Xiaowei He. Semi-Analytical Surface Tension Model
for Free Surface Flows. IEEE Conference on Virtual Reality + 3D User Interafces (IEEE VR), Poster, 2022.
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« Semi-Analytical Surface Tension Model
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amera  Lighting  Auxiliary camera Lighting  Auxiliary

Rendered by Native OpenGL: 60.0 FPS Rendered by Native OpenGL: 59.9 FPS

examples\Cuda\SemiAnalytical\Semi_Bar examples\Cuda\SemiAnalytical\Semi_Barricade
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e Thomas—Peter Fries, Hermann—Georg Matthies. Classication and Overview of Meshfree
Methods, 2004

* GR Liu MB Liu Smoothed Particle Hydrodynamics. World Scientific, 2003.

e W.Michael Lai, David Rubin, Erhard Krempl|. Introduction to Continuum Mechanics.
Bufferworth Heinemann Ltd, 1993.
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