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Fig. 1. (a) Schematic of agitated thin film evaporator (ATFE); (b) scheme of fluid flow process in ATFE!M.
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Fig. 2. (a) Geometry used for simulation; (b) meshing for
the geometry (cross section view).
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Table 1.  Physical properties of materials used for simulation.
Ykt AL R k,/(Pa-s™) I n 1o /(Pa-s) oo /(Pa-s)
Wk CMCIAR AR 4.44 — 048 45 0.01
Yrkto: R et 9.10 — 038 100 0.08
PIkL3: LR HERIOM Carreaufi il — 413 0.10 1100 0.12
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Fig. 3. (a) Flow distribution in ATFE (cross section); (b) film and fillet distribution in ATFE (cross section); (c) velocity vectors in

the fillet (Komori model) [9; (d) velocity vectors in the fillet(simulation result).
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Fig. 4. (a) Three-dimensional flow field distribution in ATFE for different feed materials; (b) velocity vectors in the fillet for differ-
ent feed materials.
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Fig. 5. (a) Average film thickness and variance for different feed materials; (b) occupied volume, film volume and fillet diameter of

the solution in the evaporator for different feed materials.
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Fig. 6. (a) Strain rate distribution in ATFE(cross section); (b) strain rate at the clearance between scraper and inner wall in ATFE.
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Fig. 7. (a) Distribution filed of apparent viscosity in ATFE (cross section) (feed material one); (b) apparent viscosity of film (feed

material one); (c) apparent viscosity of film for different feed materials; (d) apparent viscosity and axial velocity of film for differ-

ent feed materials.
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Fig. 8. (a) Detail distribution of fillet free surface (feed material one and three); (b) scraping diagram; (c) flow field evolution pro-

cess diagram( feed material three).
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Fig. 9. (a) Average film thickness and variance for different rotation speed (feed material three); (b) the torque for different rota-

tion speed (feed material three).
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Numerical simulation of flow pattern for non-Newtonian flow
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Abstract

Agitated thin film evaporator (ATFE) is a new type of high-efficiency evaporator where a film is forced to
form through a rotating scraper and the high-viscosity non-Newtonian flow materials can be evaporated
smoothly. The flow distribution and transmission mechanism of the material in the evaporator directly
determine the evaporation efficiency and power consumption of the evaporator. Unlike previous study that was
based mainly on Newtonian flow, this paper establishes a three-dimensional computational fluid dynamics model
of ATFE for non-Newtonian flow with different viscosities, and systematically probes the flow field distribution
characteristics and film forming mechanism in the evaporator. The results show that the flow field distribution
characteristics of low-viscosity non-Newtonian flow are similar to those of Newtonian flow, the material can
form a uniform and continuous liquid film on the wall; as the viscosity increases, the uniformity and continuity
of the liquid film gradually deteriorate. Through studying the flow field distribution and transmission form of
the materials, and combining the liquid film distribution, velocity distribution, shear strain rate distribution,
and viscosity distribution, it is found that the shear field and viscosity distribution formed by the internal
structure and operating state of the evaporator are the key to the good film formation. In addition, it is
proposed that the bending of the leading edge of the scraper can assist the spreading of high viscous fluid liquid
film, and the best bending angle is explored. This research provides theoretical guidance and basis for the design
and application of ATFE.
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