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1.1) Significant advances in coupling scales and physics have occurred during the past several
decades. What research gaps and/or clearly superior/unifying methods are emerging from these
diverse approaches?

The subject of this white paper is Robust and high-order accurate multiphysics coupling schemes.
We will address both the research gaps and the topic of superior/unifying methods across diverse
applications.

Research gaps. There have been many good developments in the past few years on the design of
efficient coupling schemes for a variety of multiphysics applications. Although monolithic coupling
schemes can be made robust across many applications, partitioned scheme are often preferred due
to their efficiency, flexibility and reuse of existing well-developed software. Partitioned schemes
are, however, susceptible to instabilities in certain multiphysics regimes, and it is more difficult to
develop high-order accurate and stable partitioned schemes. In the field of fluid structure interaction
(FSI), for example, many of the schemes used in practice are based on partitioned methods (with
multiple sub-iterations per time-step to stabilize the scheme in difficult regimes) which use low-
order accurate coupling, typically first order or lower. The low-order coupling will generally render
the entire simulation to be low order, and is therefore a significant disadvantage. Such low-order
schemes are generally very inefficient in obtaining the accuracy needed for the predictive capabilities
of complex systems. However, the applied mathematics community is well-positioned to address
this type of problem, and there have been a number of preliminary steps taken in recent years in the
direction of high-order partitioned coupling. These developments should be used as a springboard
to address a broad scope of multiphysics regimes using genuinely high-order methods.

Superior/unifying methods. Recently there has been much success in developing physics-based
preconditioners for the large implicit matrices that arise from PDE discretizations. Similarly, many
successful partitioned coupling strategies build in the physics of the problem (e.g. use of charac-
teristics for domains governed by hyperbolic PDEs, or balancing of accelerations for FSI problems
involving incompressible flow) in order to obtain stable and accurate schemes. The unifying idea
for physics-based coupling is thus to incorporate the physical or mathematical properties of the
regimes at hand. This means, however, that there will be different approaches required for different
multi-physics couplings, and indeed different approaches for different solution regimes (incompress-
ible, compressible, etc.). As a result, not only must different coupling strategies be devised but the
numerical algorithms must also be designed to handle the different regimes and schemes. Again,
recent work has shed light on techniques that can provide a path forward, and the applied math-
ematics community is well-positioned to design and develop the numerical algorithms to address
these important challenges.
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