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Abstract

The intestine is a key organ responsible for the digestion and absorption of food and drugs. With
the U.S. Food and Drug Administration (FDA) lifting the mandatory requirement for animal testing
in preclinical studies, the development of highly biomimetic in vitro intestinal models has become
a vital direction for investigating intestinal function. This study presents a simulation model that
incorporates villus structures and supports both fluid shear stress and peristalsis simulation. Using
the ANSYS Workbench platform, Fluent was employed to analyze the effects of villus height, spacing,
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and inlet flow velocity on shear stress, while fluid-structure interaction (FSI) simulations were con-
ducted to explore the impact of peristalsis. The results indicate that increased villus height en-
hances shear stress and intensifies flow field heterogeneity, whereas wider villus spacing improves
flow characteristics and reduces fluid resistance, thereby effectively modulating shear stress. Addi-
tionally, shear stress increases linearly with flow velocity but is significantly suppressed under per-
istaltic motion, exhibiting a distinct pressure threshold behavior.
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Figure 1. Velocity distribution cloud maps for villus heights of 0.4 mm, 0.6 mm, 0.8 mm, and 1 mm (unit: m/s)
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Figure 2. Shear stress distribution in the intestinal simulation model
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Figure 3. Wall shear stress distribution cloud maps for villus heights of 0.4 mm, 0.6 mm, 0.8 mm, and 1 mm (unit: Pa)
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Figure 4. Cloud diagram of shear stress distribution under different villi spacing
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Figure 5. Relationship between flow velocity and shear stress
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Figure 6. Effect of peristalsis on equivalent elastic strain
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Figure 7. Relationship between peristalsis and fluid shear stress
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