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Fully-resolved simulation of esophageal transport
o Wenjun Kou, Northwestern University
Motivation:

e Understand physiology: structure & function of human esophagus & digestive system

e Understand pathophysiology: swallowing disorder, reflux
e Provide clinical guidance: diagnosis, treatment

Overview of the problem:
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Method & Implementation
Fully-coupled model
< - Immersed Body Method >

IBAMR Library (Professor Boyce Griffith)
https://github.com/IBAMR/IBAMR

Muscle activation
Liquid-like Bolus Esophageal wall —>Phenomenal
->Incompressible NS - Nonlinear elasticity mechanical model

Lagrangian description

Eulerian chription

Finite difference method
Semi-implicit scheme Finite Element method

Adaptive mesh refinement Explicit scheme
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SAMRALI, PETSc, Hypre.. Libmesh PETSc...
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Results

Case: A bolus transports resulting from the activation of both
circular and longitudinal muscle contractions.

Results:

* Muscle contraction generates wall stress and pumps bolus down;

 Esophageal segment undergoes very large deformation: first dilated,
then contracted;

* For fluid-structure interaction with very large deformation,
immersed boundary method seems to be a feasible way.
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Detailed deformation shown in xz plane(upper)
and xy plane (lower)




