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Curl-Noise for Procedural Fluid Flow

Robert Bridson*
University of British Columbia

Abstract

Procedural methods for animating turbulent fluid are often pre-
ferred over simulation, both for speed and for the degree of ani-
mator control. We offer an extremely simple approach to efficiently
generating turbulent velocity fields based on Perlin noise, with a
formula that is exactly incompressible (necessary for the character-
istic look of everyday fluids), exactly respects solid boundaries (not
allowing fluid to flow through arbitrarily-specified surfaces), and
whose amplitude can be modulated in space as desired. In addition,
we demonstrate how to combine this with procedural primitives for
flow around moving rigid objects, vortices, etc.

CR Categories: 1.3.7 [Computer Graphics]: Three-Dimensional
Graphics and Realism—Animation

Keywords: noise, turbulence, fluids, procedural animation

1 Introduction

Many shots in films and effects in games call for fluid-like turbulent
motion, particularly for smoke and vapor. Though simulation of the
equations of fluid motion can generate spectacular animation, it can
be frustratingly slow and unwieldy to direct. Many practitioners
instead turn to procedural methods where the state of the system,
such as the velocity field of the fluid, can be cheaply and repeatably
evaluated anywhere in space and time—without discretizing PDE’s,
without large grids, without simulation parameters to tweak, with-
out solving systems of equations, and with immediate and direct
animator control. After reviewing some previous procedural meth-
ods and their drawbacks, we offer a new, fast and simple procedural
approach for constructing fluid-like velocity fields.

Both Sims [1990] and Wejchert and Haumann [1991] used a linear
superposition of “flow primitives” such as vortices, sources, sinks,
and particular solutions of potential flow to generate plausible wind
velocity fields. However, without manually adding many vortices,
this approach is restricted to fairly laminar flow, and matching the
flow to arbitrary solid geometry is not handled.

Shinya and Fournier [1992] and Stam and Fiume [1993] used
Fourier synthesis to produce physically plausible turbulent velocity
fields. However, arbitrary solid boundaries cannot be handled with
this method, the entire 3D domain must be computed and stored
(particularly difficult in the constrained memory environment of
game consoles), and artist control such as spatially modulating the
magnitude of the turbulence is lost. Later, Stam [1997] showed

miail: rbridson@cs.ubc.ca
mail: jimh@tweakfilms.com
fe-mail: mkn@dneg.com

Jim Hourihan" Marcus Nordenstam*
Tweak Films Double Negative

Figure 1: Incompressible 2D noise with selid boundaries. To com-
pute the potential y we multiply scaled noise N(X,t) by a modu-
lation function (a smoothed step function A of distance from the
mouse cursor) and a ramp to zere based on distance d(X) to the

closest solid boundary: W(X,t) = ramp (d?(?) A(X)N (ZE') The
velocity field is the curl of this potential: V=V x y.

that if just a few point samples of wind velocity are required (as
in his modal tree dynamics) there is no need for storing and cal-
culating the full 3D domain; however, the approach is inefficient
for large numbers of samples (e.g. when advecting large numbers
of particles), and doesn’t solve the problem of modulating Fourier
synthesized fields.

Perlin’s eponymous noise function [1985; 2002] is frequently used
in practice to generate random velocity fields: however, these fields
generally contain many sinks (“gutters” where particles accumu-
late) since they are not divergence-free. The divergence-free con-
dition, V - ¥ = 0, is equivalent to stating the fluid is incompressible,
and is one extremely important visual characteristic of everyday
fluids (e.g. water, air, and smoke).

Perlin and Neyret [2001] also created time-varying textures which
appear to flow, but cannot be used for moving particle systems and
cannot naturally handle arbitrary solid geometry.

Lamorlette and Foster [2002] use procedural methods including a
Fourier-synthesized turbulence model to animate flames, and also
provide good argument as to why procedural methods can be prefer-
able to fluid simulation.

Kniss and Hart [2004] demonstrated the idea of using the curl of
Perlin noise (as we do) for incompressible flow fields; our paper
extends this to handle boundary conditions and other effects.

Patel and Taylor [2005] introduce *fast simulation noise”, a
divergence-free velocity field that can be evaluated similar to Perlin
noise. While similar in spirit to our method, it suffers from either a
lack of smoothness or periodic dead spots (points of zero velocity)
and it cannot yet handle arbitrary solid boundaries as we do below.

Finally von Funck et al. [2006] build divergence-free velocity fields
for shape deformation with a slightly different construction. While
it is not clear how to adapt this approach to handle boundaries, it
could in principle also be used for our application.
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