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Numerical simulation of the falling film flow pattern and liquid film

distribution of high viscosity quid outside horizontal tubes
GAO Xiang', ZHU Xuerui'*, CHEN Shichang"*
(1.National Engineering Lab for Textile Fiber Materials and Processing Technology,
Zhejiang Sci-Tech University, Hangzhou 310018, China; 2.Zhejiang Provincial Innovation
Center of Advanced Textile Technology, Shaoxing 312030, China)

Abstract: The flow behavior of fluid on the falling film element can reflect the main performance of
the falling film devolatilizer. A numerical simulation method was proposed to explore the micro mechanism
of the high viscosity fluid falling film flow on a falling film element of horizontal tube structure, and based
on experimental verification of the model’s reliability, the flow morphology, liquid film thickness. and
liquid film velocity changes of high viscosity fluid falling film flow outside a three-layer horizontal tube
under different flow rates were investigated. The results show that the falling film flow pattern of high
viscosity fluid outside the horizontal tube is mainly influenced by gravity and viscous forces, and columnar
flow is not easy to develop into a complete curtain flow; high viscosity fluid is affected by wall support

force in the upper part of the horizontal tube, while it is affected by viscous force in the lower part of the
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horizontal tube. The fluid will accumulate in the circumferential angles in the range of 0° to 30° and 150° to

180°, resulting in an abnormal increase of liquid film thickness. After the collision of the three incoming

fluids, the velocity of the middle liquid film increases more, but the thickness of the liquid film increases

less. When the flow rate is reduced to 10.8 kg/h, the high viscous fluid outside horizontal tubes will

experience liquid film contraction and internal cavity formation, which is not conducive to the film forming

flow of the high viscous fluid. The research results can provide reference for the design and condition

setting of new horizontal tube falling film devolatilizers.

Key words: horizontal tube; highly viscous fluid; falling film flow; liquid film thickness; numerical

simulation
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