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Highlights
· The spring of the elastic impeller is easy to stretch and bend, which can change the way of impeller disturbing the flow field structure.
· The elastic combined impeller strengthens the energy dissipation mode of the flow field through the deformation and energy storage of the spring, and improves the chaotic mixing degree of the liquid and liquid biphases.

1. Introduction
The problem of low energy consumption and high efficiency exists in the traditional liquid-liquid biphase extraction in the mixer-settler. By means of Lab View software, pressure pulsation signals in the mixed fluid in the disturbing and clarifying tank of the rigid impeller, rigid -flexible combined impeller and elastic combined impeller are respectively collected. And then get the largest Lyapunov exponent (LLE) and multiscale entropy (MSE) which are reflects the degree of chaos in the fluid. At the same time, the fluid field’s visualization technology was adopted to observe fluid mixing performance, the influence of the length, diameter and outer diameter of the spring on the chaotic characteristics of the flow field is also investigated. The results indicated that compared with the rigid impeller and the rigid-flexible combined impeller, the elastic combined impeller strengthens the energy dissipation mode of the flow field through the deformation and energy storage of the spring, and improves the chaotic mixing degree of the liquid and liquid biphases. The LLE was over zero, testifying the fluid mixing system in chaotic state. In the elastic combination impeller system, not only are the values of LLE and MSE significantly higher, but also the time of complete decolorization is the shortest in the visualization experiment. 
2. Methods
Experiments are conducted in the mixer settler and control room temperature 24 ℃ - 27 ℃, water and kerosene as experiment medium oil-water and two chaotic mixing experiment, the experimental process control the volume flow of water and kerosene ratio of 1:1. The pressure pulsation signal is collected on the mixed indoor wall of the mixing clarifying tank. After that, the pressure sensor, data acquisition card and data acquisition system composed of workstation are converted and processed on the Lab View working platform and then output. The output data are programmed and calculated by Matlab software.  Where, each group of experiments was sampled for 15 min with a sampling frequency of 65 Hz. The mixer-settler and impellers used in the experiment are shown in Fig. 1 and Fig. 2 respectively.
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Figure 1. Structure of mixer-settler
Ⅰ-mixing chamber; Ⅱ-submersible mixing chamber; 
Ⅲ-overflow area; Ⅳ-clarification chamber
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Figure2.  Impellers used in experiment
(a)rigid combination impeller   (b)rigid-flexible combination impeller   (c)elastic combination impeller

3. Results and discussion
[image: C:\Users\Go\Desktop\混沌特性参数数据图集\LLE-3.tif][image: C:\Users\Go\AppData\Local\Microsoft\Windows\INetCache\Content.Word\MSE-3.tif]The LLE is an important parameter to measure the dynamic characteristics of the system. It reflects the average exponential rate of convergence or divergence between adjacent orbits in the phase space system [1]. Multi-scale entropy (MSE) is to calculate the sample entropy of time series at multiple scales, which reflects the irregularity of time series at different scales. It has good anti-noise and anti-interference ability, and the analysis of time series is more systematic. The experimental results are shown in figure 3 and 4.
Figure 3.  Effect of impeller type on LLE
Figure4.  Effect of impeller type on MSE
4. Conclusions
Due to the spring's characteristics of being easy to stretch and bend, the elastic combination impeller can effectively destroy the stability of the flow field structure near education and regulate the flow field, thus strengthening the chaotic mixing of the flow field. The mixing effect is obviously better than that of the rigid-flexible combination impeller and rigid combination impeller. 
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