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Introduction

Computational Fluid Dynamics (CFD) is used in the design of
fluid machinery from artificial heart valves to gas turbines.

Smoothed Particle Hydrodynamics (SPH) is a new branch of
CFD. Moving fluid ‘particles’ are used, instead of a mesh, to
define the fluid. Values and gradients of physical quantities at a
point are obtained from particles in a ‘smoothed’ neighbourhood
of that point.

Meshing is not needed, even with moving boundaries or
interfaces. This eases application to complex flows and greatly
reduces workload for end users  of such a CFD code.

Objective:
Develop SPH for use in general engineering fluid dynamics.

Conventional (mesh based) CFD:
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SPH (particle-based) CFD:

CPU time (s)

Particle Neighbour Search

Particles do not keep a permanent connectivity between each other
(i.e. no meshes). Neighbours are sought whenever locations change.
To accelerate this search, a grid-assisted algorithm with variable
search radii is used. Comparative timings show
large improvements in speed and scalability

compared to an all-particle search. v
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3D shock tube

A shock tube test problem consists of an initial discontinuity at the
centre of a closed-ended tube. The solution develops into an
expansion wave, a contact discontinuity and a shock front.
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Adaptive particle distribution

Resolution is determined
by particle distribution
density. Adaptively adding
and removing particles in
key areas of the flow
allows local control of
resolution . Fewer total
particles are needed to
achieve the same or better

resolution. o
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Different models of viscosity
and boundary velocity conditions
have been investigated and
validated against exact solutions
in a 2D Poiseuille channel flow.

Axal velocity

Channel cross-wise coordinate

Lock exchange

A novel Clebsch-Weber implementation for SPH was employed to
simulate a lock-exchange problem (two incompressible fluids  of
differing densities under the influence of gravity).
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Flow around cylinder

Simulations of compressible
and incompressible flow over a
cylinder in a channel were used
as test cases for various
boundary condition
implementations.

Hill channel flow

An ERCOFTAC periodic hill
channel test case is being used
to test wvarious boundary
conditions as well as viscosity.

Conclusions

Numerous aspects of SPH have been investigated, bringing it
closer to practical engineering applications and realising the
benefits of mesh-free modelling. Significant development is
planned into other key areas, such as turbulence modelling and
parallel computation.
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