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Abstract [ Objective ] Mixing is a crucial step in coagulation process, significantly influencing its effectiveness. Static pipeline
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mixers are important mixing facilities characterized by their diverse types, varying mixing method, and different configurations, with
their mixing efficiency closely related to structural parameters. However, effective characterization methods and evaluation method for
the structure and optimization of static pipe mixers are still lacking. This paper aims to establish a synergistic optimization methods for
the structural parameters and mixing efficiency of static pipe mixers, providing a theoretical basis for their design and performance
optimization in water treatment coagulation processes. [ Methods] A three-dimensional model of a DN200 multi-stage coupled static
pipe mixer was constructed in this paper. Computational fluid dynamics ( CFD) was employed to analyze the distribution of the
chemical solution volume fraction and flow field variation patterns, systematically investigating the effects of key structural parameters,
including the inner/outer cavity diameter ratio, number of chemical dosing guide grooves, twist angle of flow guide grooves, and length
of converging-diverging components on the velocity gradient ( G-value) and coefficient of variation ( CoV value) of chemical solution
volume fraction. Grey correlation analysis was used to comprehensively quantify the G-value and CoV value to evaluate mixing
efficiency. [ Results ]  The degree of influence of structural parameters on mixing efficiency in descending order was length of
converging-diverging components, number of chemical dosing guide grooves, twist angle of flow guide grooves, and inner/outer cavity
diameter ratio. The length of converging-diverging components and the number of chemical dosing guide grooves are identified as key
influencing parameters for mixing efficiency. The optimal structural parameter combination was as follows. Inner/outer diameter ratio of
200 mm : 340 mm, 6 chemical dosing guide grooves, a twist angle of 180°, and a converging-diverging component length of 75 mm,
the corresponding grey correlation degree, G-value, and CoV reached 0.762 3, 548 s™', and 0. 084 7, respectively, chemical volume
fraction reached 3. 2%~-4. 0% at the outlet. Clockwise vortical flow formed in both the primary and secondary mixing stages, with inner
cavity center velocities ranging from 0.82 m/s to 1.64 m/s and peripheral velocities from 0.40 m/s to 0.82 m/s, indicating a
significant increased G value. [ Conclusion] By combining CFD simulation with grey correlation analysis, this paper quantitatively
analyzes the structure-efficiency relationship between parameters and mixing efficiency. Neither G-value nor CoV-value alone can
effectively characterize the variation pattern of mixing efficiency. Changes in either G-value or CoV alone can not effectively characterize
variations in mixing efficiency; hence, a grey relational model is necessary to comprehensively represent the influence of G-value and
CoV variations on mixing efficiency. This paper provides an effective evaluation method for optimizing structural parameters and
improving mixing efficiency in different types of static pipe mixers.

Keywords static pipe mixer mixing efficiency structural parameter computational fluid dynamics( CFD) evaluation method
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Fig. 1 Model of Multi-Stage Coupled Static Pipe Mixer
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Tab. 1 Basic Parameters of Multi-Stage Coupled Static
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Tab.3  Orthogonal Experiment of Structural Parameter
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