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Three-dimensional reconstruction of the esophagus and investigation on factors affecting the

peristaltic transport
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Abstract: A three-dimensional model of the esophagus and its COMSOL simulation model are constructed based on the CT image
of the esophagus for investigating the effects of the pressure differences between two ends of the esophagus, the physical and
chemical parameters of fluid food and the amplitude of esophageal peristalsis on the transport of fluid food in the esophagus. The
relationship between the viscosities of the different ratios of non-Newtonian fluids and shear rates are studied by rheometer, thereby
obtaining the simulation parameters of COMSOL. The results show that the pressure difference between the two ends of the
esophagus has trivial effects on the fluid velocity during the relatively stable phase of the peristaltic wave of the esophageal wall,
but it has great effects on the fluid velocity during the contraction and recovery phases of the esophageal wall. The esophageal
transport flow increases linearly with the pressure difference between the two ends of the esophagus. The esophageal fluid transport
flow has a positive correlation with the amplitude of peristaltic contraction and a negative correlation with fluid viscosity. To
improve the esophageal transport efficiency, the peristaltic amplitude should be increased in the area with low pressure difference,
and the viscosity of fluid food should be reduced in the area with high pressure difference. The study provides theoretical reference
for the development of functional food and the studies on esophageal transport characteristics.
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Fig.2 Three—dimensional models of natural esophagus
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Tab.1 Motion parameters during food transport in the esophagus
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Fig.3 Experimental results and fitting results of the viscosity

of corn paste varying with shear rate
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Fig.4 Fluid flow and stress map in the esophagus under different pressure differences
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