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D1

In a heterogeneous porous reservoir, Darcy flow links permeability to pressure and mass
conservation. A finite-volume discretization on the mesh produces a sparse system, for which

multigrid preconditioning supports a parallel solve
D2

Two—phase porous flow couples pressure, saturation, and transport in a reservoir. An implicit
discretization on the mesh uses Newton—Krylov iteration and a preconditioner to solve the mass—

conservative sparse system.
D3

Reactive transport in a porous reservoir combines flow, diffusion, chemical reaction, and mass
conservation. Domain decomposition partitions the mesh, while a physics—based preconditioner

accelerates the parallel linear solver for the coupled system.

D4



A poroelastic reservoir couples Darcy pressure to solid displacement and stress. The monolithic
block system uses an approximate Schur—complement preconditioner to obtain robust Krylov

convergence in parallel.

nE#H4E (D5—D8)
D5

Fluid-structure coupling transfers incompressible pressure and velocity to an elastic wall. A
partitioned interface iteration preserves stability against added—mass effects while enforcing

displacement and traction continuity in the coupled system.
D6

A monolithic fluid-structure formulation solves pressure, velocity, and solid displacement in
one coupled system across the interface. Block factorization with a Schur—complement

preconditioner accelerates parallel GMRES.
D7

An immersed flexible membrane represents a structure on a fixed fluid mesh. In this coupled
system, the fluid-structure coupling uses conservative interface—force transfer to limit

artificial energy growth and preserve numerical stability during large displacement.
D8

Vortex—induced motion couples fluid flow to an elastic structure. The resulting system uses a
stable interface treatment, adaptive mesh refinement, and a parallel linear solver to predict

the displacement over long time intervals.
et REEACK M (D9—D12)
D9

A GMRES solver treats the nonsymmetric sparse system arising from an implicit multiphysics
discretization. Domain—decomposition preconditioning improves Krylov convergence and residual

reduction, but global orthogonalization and communication limit strong parallel scaling
D10

A conjugate—gradient Krylov solver with multigrid preconditioning treats pressure and diffusion
systems on a distributed mesh. Sparse matrix operations, residual convergence, and communication

determine parallel scaling
D11

A field-split Krylov method uses block preconditioners for coupled pressure, velocity, and
displacement. Approximate Schur complements reuse porous—flow and fluid-structure solvers

making the monolithic system scalable in parallel.



D12

A communication—avoiding Krylov solver with a preconditioner reduces synchronization in a
parallel sparse system. Fewer reductions improve scaling per iteration, but loss of

orthogonality can damage residual convergence and numerical stability
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documents_tokens = [
# D1
["porous", "flow", "darcy", "pressure", "permeability",
"heterogeneous”, "reservoir", "mass", "discretization", "mesh",

"multigrid", "preconditioner", "parallel", "sparse", "system"],

# D2
["porous", "flow", "pressure", "saturation", "transport",
"reservoir", "mass", "discretization", "mesh", "newton",

"krylov", "preconditioner", "sparse", "system"],

# D3
["porous", "flow", "transport", "diffusion", "reaction",
"reservoir", "mass", "mesh", "domain", "decomposition",

"preconditioner", "parallel", "solver", "system"],

# D4
["porous"”, "poroelastic", "pressure", "displacement", "stress",
"coupling”, "monolithic", "block", "schur", "preconditioner",

"krylov", "parallel"”, "reservoir", "system"],

# D5
["fluid", "structure", "coupling", "pressure", "elastic", "wall",
"displacement", "interface", "velocity", "traction", "partitioned",

"added_mass", "stability", "iteration", "system"],

# D6
["fluid", "structure", "coupling", "pressure", "velocity",
"displacement", "interface", "monolithic", "block", "schur",

"preconditioner”, "gmres", "parallel", "system"],

# D7
["fluid", "structure", "coupling", "flexible", "membrane",
"displacement", "interface", "force", "mesh", "immersed",

"conservative", "stability", "energy", "system"],

# D8



["fluid", "structure", "coupling", "flow", "elastic",
"displacement", "interface", "mesh", "adaptive", "stability",

"parallel”, "solver", "time", "system"],

# D9
["krylov", "gmres", "sparse", "system", "preconditioner", "domain",
"decomposition", "convergence", "parallel", "scaling",

"orthogonalization", "communication", "residual", "solver"],

# D10
["krylov", "conjugate_gradient"”, "multigrid", "sparse", "system",
"pressure"”, "diffusion", "mesh", "preconditioner", "parallel",

"scaling", "communication", "solver", "residual"],

# D11

["krylov", "block", "schur", "preconditioner", "coupling",
"pressure", "velocity", "displacement", "porous", "fluid",
"structure"”, "monolithic", "parallel", "scalable", "solver",

"system"],

# D12
["krylov", "sparse", "solver", "preconditioner", "parallel",
"scaling", "communication", "synchronization", "orthogonalization",

"residual”, "convergence", "stability", "iteration", "system"],
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1. How can multigrid preconditioning accelerate pressure transport through a heterogeneous

permeability field in a porous reservoir?

["porous™, "pressure", "permeability", "transport",

"reservoir", "multigrid", "preconditioner"]

2. Which interface treatment preserves stability against added-mass effects for an elastic wall in

fluid-structure coupling?

["fluid", "structure", "interface", "elastic", "wall",

"added_mass", "stability", "coupling"]



3. Find scalable block Krylov methods with a Schur-complement preconditioner for coupled pressure and

displacement.

["coupling", "pressure", "displacement", "schur", "block",

"krylov", "preconditioner", "scalable"]
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