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Figure 1: Fire shots from the climactic sequence of Avatar: Fire and Ash completed with Kora. ©2025 20th Century Studios / Lightstorm
Entertainment. All Rights Reserved.

Abstract
We present Kora1, a fire system for visual effects production. It con-
sists of (i) a weakly compressible, sparse, spatially adaptive, MPI-
distributed physics-based combustion solver, featuring a novel en-
ergy cascade turbulence model and support for adiabatic cooling; (ii)
a Houdini-centric abstraction layer that exposes the advanced com-
bustion routines through intuitive, artist-friendly interfaces. Key
components include customizable premixed fuel sourcing, liquid-
gas coupling and vaporization, control and art-direction utilities,
as well as physics-based shading and render-graph integration. We
describe the architecture of Kora, its solver foundations, and how
we put it into practice in Avatar: Fire and Ash. We were honored to
be awarded the Visual Effects Society (VES) 2026 Emerging Tech-
nology Award for this work.

CCS Concepts
• Computing methodologies→ Physical simulation; Simula-
tion types and techniques.

1Kora is te reo Māori for spark.
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1 Introduction
The 1000+ ambitious fire shots in Avatar: Fire and Ash, ranging
from flaming arrows and flamethrowers to massive explosions
and fire tornadoes (Figure 1), necessitated a system that would
deliver believable results on an unprecedented scale. To achieve
the required level of visual fidelity and consistency we developed
a physics-based combustion solver incorporating accurate chem-
istry, thermodynamics, and thin flamemodels. On-set references for
torches, flame bars, and burning tents guided the work across the
Simulation, Look Development, and Rendering departments. Using
chemical properties of real-world fuels and tuning pre-mixing with
oxygen enabled us to capture compelling effects, such as oxygen
starvation and flickering thin flames, leading to remarkable quality
in matching real-world references.

To expand the solver adoption beyond experts in chemistry and
compressible fluids, enable intuitive authoring within a familiar
Houdini setting, and facilitate rapid onboarding, we further de-
signed an artist-friendly pipeline and toolset built around our com-
bustion solver and renderer, see Figure 2.
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