
Smoothed Particle HydrodynamicsSmoothed Particle Hydrodynamics

Ashkan Rafiee, Krish Thiagarajan
School of Mechanical Engineering & The UWA Ocean Institute

The Uni ersit of Western A straliaThe University of Western Australia

1



Why mesh-free particle 
th d ?methods?

• Traditional Eulerian techniques (FDM, FVM, FEM,...) haveTraditional Eulerian techniques (FDM, FVM, FEM,...) have
limitations in dealing with

• deformable bodies
• large distortions
• tracking free-surface

R di hi t h i– Remedies: re-meshing techniques
• would be computationally expensive and complicated

• Mesh-free methods (SPH MPS )• Mesh-free methods (SPH, MPS,...)
– Mesh is replaced with moving points so dealing only with the

displacement of points within the domain
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SPH method
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SPH method

The fluid is represented by an ensemble average of particles i,
each carrying mass mi, momentum mivi and hydrodynamice c c y g ss i, o e u i i d yd ody c
properties (pressure, temperature, internal energy, etc.). The
time evolution is governed by the equation of motion plus
additional equations to modify the hydrodynamic properties of
the particles. Hydrodynamic observables are obtained by a
local averaging processlocal averaging process.
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SPH sets of equationsq
• The momentum equation is written

• where repulsive force is 

• and the viscous stress term
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Numerical simulations
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SLOSHING
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Sloshingg

• The phenomenon of fluid motion in a partially filled tank dueThe phenomenon of fluid motion in a partially filled tank due
to the tank motion is known as sloshing

• The resonance condition may be connected with complexe eso ce co d o y be co ec ed w co p e
motions of the filled liquid that can couple with ship motions
and can represent a danger for the tank structure and for the
stability of the ship.

• certain filling ratios it may also create high impact loads on the
ceiling of the tank causing significant structural damage.
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Experimentp
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SPH simulation
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SPH .vs. Experimentp

• The

• Particles are coloured by their pressure and the black dots represent the
i l f fexperimental free-surface.
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Impact Pressurep
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Rising gas Bubble 
in liquid
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challenges and goalsg g

• High density and viscosity ratiosHigh density and viscosity ratios
• Accurate description of moving and deforming surfaces

A l i f b bbl i d d t b l i li id• Analysis of bubble induced turbulence in liquid
• studying vortex structures in the bubble wake
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SPH simulation
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SPH .vs. Level Set
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Turbulent flow
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Â\ tÅ tÇ ÉÄw ÅtÇ ÇÉã? tÇw ã{xÇ \ w|x tÇw zÉ àÉ {xtäxÇ
à{xÜx tÜx àãÉ ÅtààxÜá ÉÇ ã{|v{ \ {ÉÑx yÉÜ xÇÄ|z{àxÇÅxÇàA bÇxà{xÜx tÜx àãÉ ÅtààxÜá ÉÇ ã{|v{ \ {ÉÑx yÉÜ xÇÄ|z{àxÇÅxÇàA bÇx
|á ÖâtÇàâÅ xÄxvàÜÉwçÇtÅ|vá? tÇw à{x Éà{xÜ |á à{x àâÜuâÄxÇà

T \ÅÉà|ÉÇ Éy yÄâ|wáA TÇw tuÉâà à{x yÉÜÅxÜ \ tÅ Ütà{xÜ
ÉÑà|Å|áà|vAÊÑ

Horace Lamb, British Association 
for the Advancement of Science, 
1932
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SPH simulation
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Decay of Kinetic energyy gy
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Energy Spectrumgy p
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Thank you!Thank you!
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