
Unified Multiphysics Framework for Industrial
Scale Simulations with Moving Geometries 

Unified Multiphysics Framework
• Multiphysics treated as a unified continuum
• All discretized equations mapped onto a hierarchical Cartesian mesh
• Multiblock hierarchical mesh using Building Cube Method (BCM)
• Immersed boundary methods to capture complex geometries
• Automatic wrapping techniques to handle dirty CAD data
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Research and development of a unified multiphysics framework for large scale industrial applications. Focusing on efficient and scalable numerical 
methods for turbulent flow, fluid-structured interaction, heat transfer, aero-acoustics, chemical reactions and their complex interaction thereof.

(a) Unbalanced (Z-ordering).

Fig. 2. Simulation of urban boundary layer around Tokyo bay.

Fig. 1. Example of a BCM mesh.

Fig. 3. Load balancing wrt. immersed geometry colored by MPI rank.

Dynamic Load Balancing
• Workload  modelled with a weighted dual graph of the Eulerian mesh
• Node weights represent computational cost (fluid, reactions, geometry)
• Edge weights represent communication cost (halo-exchange)
• A priori estimation of redistribution cost and computational gain
• Balanced using an intelligent remapping based load balancer

High Performance Computing
• Each logical subdomain (cube) can be computed independently
• Easy and efficient parallelization, cache/SIMD friendly data structures 
• Hybrid MPI+OpenMP approach, with multithreaded halo-exchange

Lagrangian-Eulerian approach for moving geometries
• Geometry is discretized into Lagrangian points 
• Underlying cubes of the BCM are used to partition the points
• Lagrangian points are stored as cube based unordered sets
• Unordered set enables efficient insertion and removal as points move
• Any IBM can easily be coupled with the Lagrangian data structure

Fig. 4. Piston movement in an internal combustion engine.

Applications

(b) Balanced wrt. geometry.

Fig. 5. Simulation of full vehicle turning in a tunnel  with uniform flow.　

Fig. 6.  Pressure propagation during aero-acoustic simulation of vehicle.
Summary
Building Cube Method enables scalable industrial scale simulations with:

• Efficient parallelization using parallel I/O and dynamic load balancing 
• Fluid/structure interaction with moving and deforming boundaries
• Treatment of complicated geometry and dirty CAD
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