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A very quick and not at all comprehensive 
description of an FSI problem

FSI occurs when a fluid interacts with a solid structure, exerting 
traction forces that cause deformation and, thus altering the fluid flow 

itself. 



Two Frameworks
The Interaction must still obey balance of linear momentum and 

conservation of mass.

○ Tractions along and FSI Boundary need to be equal and 

opposite

○ Velocity of the solid and fluid along the boundary must be 

equal .



● In structural mechanics displacement is 
generally posed in a Lagrangian frame (the 
motion of a body is related to a fixed 
material point)

● In fluid mechanics, fluid velocity and 
pressure are generally posed in a Eulerian 
frame (the motion of the body is a function 
of a fixed point in space)

Two Frameworks



An example fully coupled FSI problem
Chapter 29: The FEniCS Book 



Partitioned vs Monolithic
The (arbitrary lagrangian eulerian) ALE formulation of Navier-Stokes allows 
the moving fluid problem to be solved in the initial configuration. 

Monolithic Approach:
● Matching spatial discretization on FSI boundary.
● Matching FE spaces for Fluid velocity, Solid displacement, Mesh 

displacement.

https://redbkit.github.io/redbKIT/math/FSIsolver/

https://redbkit.github.io/redbKIT/math/FSIsolver/


Partitioned vs Monolithic
Alternatively we keep the solvers partitioned. To recover some of the 
benefits of the monolithic approach we need:

● Conservative and Consistent mappings across FSI boundary between 
discretizations.

● Methods for conserving physics at the boundary. 

preCICE provides methods for both of these and more. 



The preCICE Library
preCICE is a general software library for partitioned simulations. 



The preCICE Library
Communications

● Independent Executables: Participants maintain separate MPI 
communicators and can run across heterogeneous clusters (e.g., coupling 
CPU nodes with GPU nodes).

● Fully Parallel & Asynchronous: Data transfer between solvers is parallel 
and non-blocking.

● Targeted Exchange: Communication is strictly limited to the specific MPI 
ranks that need to exchange interface data.



The preCICE Library
Data Mapping

● Non-Conforming Mesh Support: preCICE handles all data transfer 
between non-matching and non-conforming coupling interfaces.

● Consistent or Conservative Mappings

● Projection or Kernel Methods: preCICE offers projection based methods 
like nearest neighbor and Radial-basis function interpolation.  



The preCICE Library
Coupling Schemes

● Configurable Coupling Flow: Define data dependencies at runtime, 
choosing between uni/bi-directional, explicit/implicit, and serial/parallel 
execution.



Coupling Schemes
Coupling Schemes

● Explicit (Weak) Coupling: Boundary conditions are passed between solvers once 
per time step. Is susceptible to added-mass instability (for a given time step, the 
inertia from the fluid in front of the flap is ignored)

● Implicit (Strong) Coupling: Solvers iterate multiple times per timestep until 
boundary field quantities converge.  



Implicit Coupling Schemes



Implicit Coupling Schemes
Ratel Adapter Implementation

● Implicit schemes require checkpointing!
○ Implemented with a TSPostStep callback and TSRollBack



Data Mapping



Projection Methods



Projection Methods



Kernel Methods



Data Mapping
Ratel Adapter Implementation

● Requires registering mesh vertices/FE dofs/Quadrature Points with preCICE.
○ Nearest Projection requires mesh connectivity. (not sure how it works for HO Elements)
○ Ghost nodes need handling. 
○ Currently registering only locally-owned mesh vertices

● Data mapping from preCICE Format to Ratel Format



Adapter Software Requirements
Streamed Traction Boundary Conditions

● Since we are only registering mesh vertices, values are accumulated on a global vec and 
subtracted from the RHS. 



Elastic 3D Tube (preCICE tutorial)
Physical Model & Material Properties

● 3D Hollow Cylinder (Inner Radius: 5mm, Outer Radius: 6mm, Length: 50mm)
● Material Model: Linear Elasticity (Infinitesimal Strain)
● Young's Modulus: 0.3 MPa 
● Poisson's Ratio: 0.3
● Solid Density: 1200 kg/m³
● Boundary Conditions:

○ Solid: Both ends are rigidly clamped (Dirichlet), the inner surface is FSI boundary.
○ Fluid: A pressure pulse at the inlet triggers a traveling wave that deforms the tube.



Elastic 3D Tube (preCICE tutorial)
Numerical Discretization

● Structural Time Integrator: PETSc TSALPHA2
● Integration Parameters: \alpha_m=1.0, \alpha_f=1.0 (fully implicit Newmark-beta method)
● Time Step: .0001 seconds
● Solid Mesh (Gmsh): 80 layers (lengthwise), 6 elements/quadrant (circumferential), 2 elements (radial).   

https://docs.google.com/file/d/1ron51YDiHKpCeYBSiMKlvG6iF5V-PaNd/preview

