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ABSTRACT

As a meshless method, smoothed particle hydrodynamics (SPH) has long been promoted as being able
to simulate cases and applications that are beyond existing commercial engineering software packages.
Applications range from free-surface hydrodynamics, breaking waves and maritime engineering, to
multi-phase and multi-component mixing in process industries to highly-explosive material
deformation. However, in engineering practice, users remain loyal to existing software and methods
for a variety of reasons. One of the most limiting features of SPH has been the lack of higher-order
convergence. While the theoretical basis for its behaviour is gradually improving ([1], [3]), engineers
in industry continue to identify the lack of higher-order convergence behaviour as being inferior to
existing mesh-based solvers such as spectral-based methods. In industries that are highly regulated for
public safety, such as the nuclear and aerospace industries, this limitation prevents engineers even
contemplating using SPH for a specific application. This presentation will examine the causes and
present the new research ideas in this area.

The presentation will cover how the issues are being addressed. Specifically, the talk will discuss the
elements of the SPH formulation and particle interpolation process which have traditionally limited a
simple extension of SPH to higher-order and then how new developments are tackling these issues.
Stabilisation techniques whose theoretical foundation are being developed and secured, such as particle
shifting and density diffusion, will be examined to indicate how we can exploit the drawbacks of SPH
to include high-order (4", 6%, 8" order) numerical convergence [3] and address one of the Grand
Challenges of SPH [4], extending boundary conditions to high order. Finally, some ideas on how to
extend higher-order behaviour in the context of variable resolution will be presented.

Some initial applications of these developments will be shown including incompressible flows in
confined geometries where the complication of a free surface is avoided. The implications for
implementation within popular current SPH solvers such as DualSPHysics [5] will be also be discussed
where the hardware acceleration can pose obstacles to the development.
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