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Figure 1.1. Three types of coupled systems. (a) Multi-
physics coupling of two-dimensional fluid flow (black stream-
lines) and temperature (color gradient). (b) Interfacial cou-
pling between turbulent air flow and structural dynamics
through the shell of the vehicle (reprinted with permission
from [31]). (c) Network coupling of a high-fidelity electri-
cal circuit device model to a low fidelity network, simulating
radiation damage to the electrical circuit.

or more physical domains each containing separate physical processes, joined by a common
interface. The physical processes are independent in each domain apart from the interaction
at the interface. A relevant example within Sandia is the modeling of a reentry vehicle as
it travels through the atmosphere (see Figure 1.1(b)). The flight of the vehicle through
the atmosphere creates a pressure load on the shell of the vehicle which in turn affects the
structural dynamics of the interior of the vehicle. Here the two domains are the fluid exterior
to the vehicle (compressible, turbulent fluid flow) and the interior of the vehicle (structural
dynamics) coupled through the shell of the vehicle (interface). The physics in each domain is
typically modeled as a set of partial differential equations that are coupled through boundary
conditions. After spatial discretization, a generic two-component interfacially coupled system
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