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Kineticsanalysis of charged particlesin two-dimensional Poiseuille flow field and solid-liquid separation
experiment
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Abstract: In aliquid-solid two-phase flow, small and low volume concentration of the solid particles make the uncontrollable movement in liquid phase flow field under the gravity,
the Stokes drag force, the Saffman force, the pressure gradient force, the virtual mass force and so on. In order to control the law of the particle's motion, it is necessary to add the
external controllable force to the liquid-solid two-phase flow field. Therefore, the particle's motion is changed by changing the value of the external force. In the vertical direction of the
two-dimension Poiseuille flow field, a high-voltage el ectrostatic field was designed. That is to say, the controllable electrostatic field force was applied to the charged solid particles. In
addition, the charged particle's kinematics model was established under the two-dimension Poiseuille flow and the high-voltage electrostatic field in the bounded viscous fluid field,
then the movement law and the main conditions effecting the movement of the charged solid particle were analyzed. According to the charged particl€e's kinematics model in the multi-
physicsfield coupling conditions, solid and liquid two-phase separators were designed in this paper.The fol ding-shaped dust collection mediawas installed on the separator at the
direction of liquid phase flow, and 15 kV electrostatic was added to the positive and negative electrode of the separator. A particle separation experiment was conducted using this
separator on L-HM 32# used antiwear hydraulic oil provided by the Shandong Hengye Electromechanical Technology Company, and the used oil cleanlinesslevel was NAS12. Inthe
case of maintaining a constant liquid velocity, the hydraulic oil sample was taken once from the oil storage tank of the solid-liquid separator every three hours, and then the number of
particles in the oil sample was measured respectively for the 2-5, 5-15, 15-25, 25-50, 50-100 um diameter particles using the AMF particle counter designed by the Markus Klotz Gmbh
company. After working 12 hours, the number of 2-100 um particles were significantly reduced, the various size particles separation efficiency was about 95%, and the hydraulic oil
cleanliness level reached NAS4. After working 24 hours, the number of 2-5 and 5-15 um particlesin the oil were continuously reduced, but the purification effect was not obvious. On
the contrary, the number of 15-100 um particlesin the oil were increased slightly. Moreover, the largest increase in the number was the 50-100 um big particles. That isto say, the solid-
liquid separation efficiency will decrease when the separator works more than 12 hours.The experiment illustrated that the movement law of the charged particlesin two-dimensional
Poiseuilleflow field was effectively controlled. At the same time, the experiment achieved a highly efficient solid-liquid separation and sorting of solid particles, which improved the
purification rate and recycling utilization rate of waste oil. By studying the kinetics law of the particlesin the two-phase flow of the two-dimensional Poiseuille under the external force,
avaluablereferenceis provided to recycling and reuse of the waste industrial oil, purification of the pollution water, and energy conservation.
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