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IntroductionIntroduction  

 Definition of fluidDefinition of fluid
 Particle systemParticle system
 Simulation types:Simulation types:

• multiple fluidsmultiple fluids
• trapped airtrapped air
• phase transitionsphase transitions



  

Related workRelated work  

 Foster N. et al. – fluid animation to CG Foster N. et al. – fluid animation to CG 
(Eulerian and particle-based)(Eulerian and particle-based)

 Carlson et al. – fluid solid interactionCarlson et al. – fluid solid interaction
 Greenwood et al. & Hong et al. – Greenwood et al. & Hong et al. – 

simulating bubbles in liquidssimulating bubbles in liquids
 Muller et al – fluid-solid interactionMuller et al – fluid-solid interaction

            SPH model based on their workSPH model based on their work



  

SPH ModelSPH Model

 Set of particles i ϵ [1…N] Set of particles i ϵ [1…N] 
 – – positions xpositions xii, masses m, masses mii, additional atr. A, additional atr. A ii..
 Smooth continuous field A(x)Smooth continuous field A(x)  

(1)(1)
(2)(2)

A(x) = ∑ mj  Aj / p j * W(x - x j, h)
             j

pi = p(xi) =  ∑ mj * W(xi - x j, h)
                     j



  

SPH Model 2SPH Model 2

 W(r,h,) W(r,h,) 

For |r| > hFor |r| > h
ʃʃW(r,h) dr = 1W(r,h) dr = 1
W(r,h) = 0W(r,h) = 0



  

SPH Model 3SPH Model 3

(3)(3)
(4)(4)

(5)(5)
(6)(6)

 ▽A(x) = ∑ mj  Aj / pj * ▽W(x - x j, h)
                  j

▽ 2A(x) = ∑ mj  Aj / pj * ▽2W(x - x j, h)
                   j

fi
presure = - ∑ mj  (Pi + Pj)/2pj * ▽W(rij, h)

                  j

fi
viscosity = μ∑ mj  (vj - vj)/pj * ▽2W(rij, h)

                   j



  

SPH Model 4SPH Model 4

PPii = k(p = k(pii – p – p00))   (7)  (7)
aaii = 1 / p = 1 / pii(f(fii

presurepresure + f + fii
viscosityviscosity + f + fii

externalexternal))      (8)      (8)



  

Multiple FluidsMultiple Fluids

 standard approach, our approach for standard approach, our approach for 
single fluidsingle fluid

 New stored attributesNew stored attributes
 Color and temperatureColor and temperature



  

Multiple Fluids 2Multiple Fluids 2

 Modifying (6) - carrying own viscosity of Modifying (6) - carrying own viscosity of 
each particleeach particle

          (9)(9)fi
viscosity = ∑ (μi + μj)/2 * mi * (vj - vi)/pj * ▽2W(rij, h)

                   j

fi
viscosity = μ∑ mj  (vj - vj)/pj * ▽2W(rij, h)

                   j



  

Interaction Methods

 Immiscible Liquids (water-oil)Immiscible Liquids (water-oil)
 DiffusionDiffusion
 Trapped Air  Trapped Air  

• Air Particle Generation Air Particle Generation 
• Air Particle DeletionAir Particle Deletion
• Artificial BuoyancyArtificial Buoyancy



  

Immiscible LiquidsImmiscible Liquids

 Physic in short (water+oil)Physic in short (water+oil)
 Adapting water-air model to immiscible Adapting water-air model to immiscible 

liquidsliquids

 finterface = -σi ▽2 ci n / |n|
 fsurface = -σs ▽2 cs n / |n|



  

DiffusionDiffusion

 Heat distributing and dissolvingHeat distributing and dissolving
 ∂∂A / ∂t = c A / ∂t = c ▽2 A
 ∂∂AAii / ∂t = c  / ∂t = c ∑ mj  (Aj – Ai) / pj ▽2 W(rij,h)

            jj

 Ai  Ai + Δt ∂A∂Aii / ∂t / ∂t 
 Simulate lava lamp
 p0 ~ 1/V ~ 1/T



  

Trapped AirTrapped Air

 Problem of DissappearanceProblem of Dissappearance

 Simulating air as a separate fluidSimulating air as a separate fluid

 On the FlyOn the Fly



  

Air Particle Generation 1Air Particle Generation 1

 Color atribute  cColor atribute  cpp = 1 = 1

 ▽cp ,▽cs  = large

 Location of air particles
liquid particle shifted by vector -d▽cp 

If |▽cp|x > tp and ▽cp · ey|x > 0.0
    generateAirParticle (x - d ▽cp |x , v);



  

Air Particle Generation 2Air Particle Generation 2



  

Air Particle DeletionAir Particle Deletion

 Vertical component ▽cp = negative
  -> deletion of wrong particles
 How to avoid another problems
  -> delete only small ▽cs (inside bubles)
  -> to test ▽cp > treshold (inside bubles close to 

zero)
  -> to test actual density p < treshold
 If (|▽cs|x < ts and |▽cp|x > tp) or p<tp

 deleteAirParticle();



  

Artificial BuoyancyArtificial Buoyancy

 Problem of large ratio between water and Problem of large ratio between water and 
air density in a SPH simulationair density in a SPH simulation

 Not suited for small air bubblesNot suited for small air bubbles

 fbuoyant = b(p -  p0)g



  

Results – Diffusion effectResults – Diffusion effect



  

Results – Lava LampResults – Lava Lamp

Blue fluid density = 500kg/m3, particle mass 0.006kg

Red fluid density = 1000kg/m3, particle mass 0.012kg

Start temperature = 10 degrees



  

Results – Pouring Water into a Results – Pouring Water into a 
GlassGlass

3000 water p.3000 water p.
400 air p.400 air p.

Water dens.Water dens.
1000kg/m31000kg/m3
Air dens.Air dens.
100kg/m3100kg/m3



  

Results - Boiling WaterResults - Boiling Water
Flame temperature = 1000 degrees Celsius
Water temperature = 0 degrees
5 random cavitation sites at the bottom of glass
5500 water p. 3000 flame p.



  

Particle-Based Fluid-Fluid 
Interaction

ĎĎakujem za pozornosakujem za pozornosťť



  

Simulation of Lava LampSimulation of Lava Lamp


