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SPH-based Real-time Flame Simulation

SaTosHr MasucHr, ! Isser FujisHirof!
and YosHio OuNof?

In this paper, we propose a novel particle-based flame simulation method,
which relies on SPH to simulate the dynamics of flame by introducing a buoy-
ancy term as an external force to Navier-Stokes equation. The buoyancy term
is directly affected by heat generated from a simple chemical reaction model.
Good interchangeability allows us to easily couple our method with existing
SPH source codes. For efficient execution, we adaptively re-sample particles
around flame. We demonstrate three-dimensional simulations in real-time for
typical cases including transition from initial to stable states, and one-way cou-
pling with solid.
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Fig.1 Flame simulation with our method in real-time.
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Fig.2 Simulation overview. A simple chemical reaction model is incorporated into an existing

particle method, so as to generate buoyancy and heat.
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Fig.3 Re-sampling mechanism. New particles are generated around each flame particle using its
normal vector. If there are no flame particles around a particle, it is deleted.
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while underSimulation do
if isResamplingTimeStep then
doReSampling
end if
for all particles do
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n‘"‘ v‘ J‘ .

05 0DO0O000O0OOO0OOOOOO0COOOO0OO0OO0OObOO0OO0COO0OO0OO0OO0OO0O0mOOO00O0

calculateFuelDiffusion

end for oo0000000000000000
for all particles do Fig.5 Comparison of different rendering styles. All particles (left), flame particles (center), point
sprites applied to flame particles (right).
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Fig.4 Color transfer function used for associating a color with the temperature of each particle.

Color white is associated with the temperature of 3,000 K. Red component increases as the

temperature decreases.
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Fig.6 Flame formulation. Transition from initial to stable states is automatically generated.
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Fig.7 One-way coupling with solid. The flame gets smaller against the passing solid, but it grows

afterwards.
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Fig.8 Effect of external force. The flame gets smaller by a strong force.
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Fig.9 Flame merging. Two flames merge smoothly into a big one.
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