The Development of Open-source Gasdynamic Simulation
Tools at the Centre for Hypersonics

Dr. Nick Gibbons,
The University of Queensland, Brisbane, Queensland 4072, Australia

May 17, 2023



The Gasdynamic Toolkit (GDTk)

The Gas Dynamics Toolkit (GDTk) is a set of
software tools for simulating high speed fluid flow,
maintained at the University of Queensland,
Australia.

Website: gdtk.uqcloud.net
Paper: doi.org/10.1016/j.cpc.2022.108551

Hayabusa Aeroshell scale model in X2, by Peter Jacobs



gdtk.uqcloud.net
doi.org/10.1016/j.cpc.2022.108551

Why study high-speed flow?
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What's in the toolkit?

Eilmer: A general purpose Chicken: Experlmen.tal flow Much Else Besides:
CFD solver for hypersonics solver accelerated using CUDA.
research. » Puffin: Supersonic space

marching
_ » Nenzfld: Shock tunnel
) R experiment analysis
‘ ' » L1d: Full-scale
(| Lagrangian facility
~ » Pitot: Expansion tube
\'

simulations
\ ] condition design
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chemistry calculations




The Origins of Eilmer

Early work by Peter Jacobs and Rowan Gollan:

» CNS4u: Single block Navier-Stokes integrator by PJ for ICASE (1991)
MBCNS: Multi-block version, C and custom command script (1996)
Elmer: Hybrid code using C and Python (2004)

Elmer 2: Back to plain C (2005)
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» Eilmer 3: Massive expansion of codebase, switch to C++ (2008)




Eilmer 4 and the D Programming Language
June 2015: Eilmer 3 starts to become unmanageably large and problematically old
» Peter and Rowan begin porting key routines to D
» 2016: Kyle Damm joins the project, begins PhD on aerooptimisation
» 2020: Kyle and Myself begin postdoctoral fellowships as full time developers

The D programming language:
» D is a high-level compiled language designed to be a modernised improvement on C++
» Familiar C-like syntax, greatly improved compiler technology
» Redesigned high level features: Macros, templates, objects, etc.

The D Blog

The official blog for the D Programming Language.
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Current Research: PhD students contributing to GDTk

Christine Mittler: GPUs for CFD Robert Watt: Electron Transpiration Cooling

Runtime in Seconds

Reece Otto: Aero-optimisation in 3D
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