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Abstract

This report describes the implementation of curl noise for particles simulated on GPU using the
standard OpenGL API. Curl noise as a means of creating velocity fields for particles to model flowing
motions in fluids was introduced by Bridson et al. [1] and is used here as part of a project for the course
Procedural Images at Linköping University. The basic idea behind creating velocity fields from the curl
of a potential is that the resulting velocity field will be divergence free; an important property for realistic
flow.

1 Introduction

Visualization and simulation of gaseous phenomena
and fluids have been conducted in several different
ways including solving of PDE:s with for example
the FEM method or complex hybrid methods such
as PIC / FLIP and MPM, with visualization using
ray marching or similar techniques or rendering of
particles. Normally these methods are slow and can
not run in real time using high resolution grids or
many particles.

The curl noise method presented by Bridson et
al. [1] produces flowing motions for particles that
resembles physical phenomena such as fire, smoke
or advection through fluids.

This method does not have the same physical base
as solving well established PDEs and is therefore not
as general. However, it can produce visually plausi-
ble results in real time and is also very suitable to
GPU implementations. It is easy to control as an-
imators can change parameters that affect the be-
havior of the flowing fluid to get immediate visual
feedback.

If a two- or three-dimensional velocity field is
given, the flow of the field can be visualized by set-
ting the velocity of particles within the field accord-
ingly. This can be done with a lookup in a procedu-

rally generated velocity field for every position and
every time instance of a simulation. The number
of particles does not affect the time spent for the
lookup for any individual particle and hence, such
a method gives linear time complexity and is em-
barrassingly parallel to its nature and therefore a
suitable subject to GPU computing.

2 Divergence Free Velocity Fields

The main idea of the curl noise method is to gener-
ate divergence free velocity fields. This is important
for realistic simulations since real life fluids are di-
vergence free by default. The medium of a fluid
is materia which does not get created or destroyed
sporadically at large scales.

According to Helmholtz’s theorem, any suffi-
ciently smooth vector field can be decomposed in to
a curl-free component and a divergence-free compo-
nent. A divergence-free vector field ~v can be written
as

~v = ∇× ~Ψ, (1)

where ~Ψ, by definition, is the vector potential
which can be any first order differentiable vector
field.
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Bridson et al. [1] proposes the calculation of the
divergence free vector potential by using finite dif-
ference approximations with a small displacement of
10−4 of the domain scale. The advantage compared
to analytical derivatives is that it is more general
since any sufficiently smooth potential can be differ-
entiated with this method.

3 Vector Potentials

To construct specific velocity fields, the vector po-
tential can be set accordingly. The potential is or-
thogonal to the resulting velocity field since the defi-
nition of the curl operator is a cross product with the
nabla operator. Some potentials used by Bridson et
al. are introduced and discussed below.

3.1 Noise

To achieve random and interesting behavior of the
fluid, a noise function can be used as the potential.
In the implementation, a four dimensional simplex
noise is used for each component of the potential
sampled at sufficiently large offsets in each dimen-
sion to avoid any correlation between the three com-
ponents of the potential. The fourth argument to
the simplex noise function is a time variable t. With
a user defined length scale L and progression rate ρ,
the potential can be evaluated at a point ~x as

~Ψnoise(~x, t) = ~N(~x/L, ρt) (2)

Where ~N is an appropriate noise function where
each of its tree components are uncorrelated to each
other.

Bridson et al. [1] discusses the use of a power
law as in the Kolmogorov turbulence spectrum to
set the magnitude of velocities at different scales of
the noise function. This gives a more physically ac-
curate representation of turbulence but requires the
noise function to be sampled multiple times which
decreases the simulation speed. I found that the
visual result is believable enough with only one oc-
tave of noise and this makes it possible to simulate
a greater number of particles.

3.2 Other Potentials

Simply relying on a noise function to generate vector
potentials does not necessary result in all the pos-
sible velocity fields desired for animation of flowing
particles. By adding additional terms to the poten-
tial, more control can be gained over the behavior
of the fluid.

For example, a constant velocity field with direc-
tion n̂ can be generated by having a potential rotat-
ing around n̂ as in equation 3.

~Ψconst(~x) = (~x− n̂(n̂ · ~x))× n̂ (3)

To generate a vortex velocity field, according to
Bridson et al. [1], the vector potential can be set to

~Ψvort(~x) = (1− f(0, R, ||~x− ~x0||))
R2 − ||~x− ~x0||2

2
~ω

(4)
where f(t0, t1, x) is a smooth step function from

threshold t0 to t1 between values 0 and 1, R is the
radius of the vortex, ~x0 is the vortex center position
and ~ω is the axis of rotation.

3.3 Blocking Geometries

Any vector potential can be adjusted for the flow of
the fluid to pass by blocking geometries tangentally.
This is done by removing the tangental part of the
original potential close to the surface of the geome-
try. Since the resulting velocity field will be orthog-
onal to the potential due to the definition of the curl
∇×, having only the part that is parallel to the nor-
mal of the closest surface at any point will make the
flow tangental to the surface. A gradual transition
to tangental flow can be achieved by weighting the
normal-parallel part n̂(n̂ · ~Ψ(~x)) with the original
part ~Ψ(~x) of the vector potential according to

~Ψconstrained(~x) = α~Ψ(~x) + (1− α)n̂(n̂ · ~Ψ(~x)), (5)

where α = f(0, d0, d(~x)) is a smooth step to the
length scale d0 and d(~x) is the distance to the closest
surface of the geometry.
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Figure 1: Simulation of fire blocked by a sphere.

Figure 2: Curl noise with vortex potential.

4 OpenGL Implementation

The particle system simulation was implemented
as a GPU simulation using the standard OpenGL
API. Using the standard graphics pipeline requires
more work than modern GPU computing API:s such
as CUDA, OpenCL, or OpenGL compute shaders.
However, the method used makes the program
runnable on any fairly modern GPU.

The standard graphics pipeline is limited to ren-
dering of triangles which get rasterized and output

Figure 3: Emitter position controlled with mouse.

Figure 4: Particles rendered as spheres.

to a frame buffer. By rendering a quad to a frame
buffer object linked to a texture it is possible to save
data in the form of fragments to be used elsewhere
in the program.

In my implementation, three textures are used as
rendering targets and three are used for sampling.
Two for accelerations, two for velocities and two for
positions. After each time step, the rendering tar-
gets gets swapped with the sample textures in a ping
pong fashion.

One time step consists of updating the accelera-
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tions, followed by updating of velocities and then
positions. A force based implementation of particle
interactions has two steps of Euler integration, one
for velocities and one for positions. When running
a curl noise implementation, the velocities are set
directly and there is no need to update any acceler-
ations. However, to show that it is possible to set
accelerations, other particle programs consisting of
other shaders that also makes use of accelerations,
can be used. This, together with the possibility to
change the potential for the curl is demonstrated in
the program by the ability to change particle pro-
gram.

5 Results

The screenshots displayed in figure 1 to 4 are from
simulations of 200.000 particles on a macbook with
a NVIDIA GeForce GT 650M GPU. All simulations
run in 60 fps.

Figure 1 and figure 2 shows how the particle pro-
gram can be changed to use different potentials. The
rendering shaders can also be changed so that the
particles can be rendered with additive blending or
as opaque spheres as in figure 4.

The project has a git repository hosted on github:
https://github.com/kbladin/Curl_Noise

6 Discussion and Conclusion

Curl noise proves to be useful and easy to control
as a means of simulating flowing particles. The
method produces interesting flowing motions and
can be used in real time for game applications or
in offline simulation if more sophisticated rendering
is required.

Bridson et al. [1] discusses the use of flow noise
for potentials as possible future work, for my im-
plementation it might not be straight forward how
flow noise could be used since three-dimensional flow
noise poses problems in choosing directions for the
rotating gradients.
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