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Figure 1 Proposed balanced topology
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Figure 2 Balanced topology equivalent model
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Figure 4 Calculated and simulated values of

inductance current in a single cycle
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Figure 5 Influence of battery voltage on the equalization effect
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Figure 7 Balanced control strategy based on variable duty cycle
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Performance Analysis of Airfoil-like Spoiler Element Air Ejector Based on
Topology Optimization

LIU Huadong, ZHANG Ya, HAO Qi, SUN Hao

(School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract. Aiming at the problem of low entrainment ratio of the traditional air ejector, the topology optimization
method was used to optimize its structure. And an air ejector with airfoil-like spoiler element was proposed based on
the topology optimization results and grag reduction mechanism analysis. The internal flow field of the ejector was
studied by numerical simulation, and the influence of the height of the airfoil-like spoiler element and the distance
between the element and the nozzle throat on the ejector performance was analyzed. The results showed that the sec-
ondary nozzle effect would occur after adding the spoiler element and the primary flow accelerated after flowing out
of the nozzle, and the pressure was further reduced. The driving pressure difference of the primary flow was in-
creased, the velocity difference between the two flows was reduced, and the entrainment ratio was significantly im-
proved. The entrainment ratio increased as the height of the spoiler element increased, and the entrainment ratio in-
creased first then decreased with the increase of the distance between the spoiler element and the nozzle throat. The
entrainment ratio of the airfoil-like spoiler element ejector could increase by 146% ~224% by changing the height of
the airfoil-like spoiler element and the distance between the element and the nozzle throat. The entrainment ratio
reached the optimal value of 2. 07 when the height of the airfoil-like spoiler element was 3.3 mm and the distance
between the spoiler element and the nozzle throat was 0. 8 mm.

Keywords: airfoil-like spoiler element; topology optimization; air ejector; entrainment ratio; numerical simulation
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Dynamic Grouping Active Equalization Method for Series Connected Batteries

Based on Reconfigurable Circuits

QIN Dongchen, ZHAO Hongfei, WU Hongxia, YANG Junjie, CHEN Jiangyi, WANG Tingting

(School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract; In order to solve the problem of inconsistent state of charge of single cells in battery pack, the active e-
qualization control technology was studied with series connected battery pack as the research object. The research
content included the improvement of the balancing topology and the design of the balancing control strategy. Firstly,
a new topology was proposed and verified. Secondly, the mathematical model of equalization circuit was estab-
lished, and the effects of voltage difference and switching frequency on equalization performance were analyzed.
According to the results of voltage difference analysis, a multi-cell-to-multi-cell balancing control strategy based on
variable duty cycle is designed to improve the equalization speed and consistency of battery pack. Finally, the joint
simulation of equalization topology and equalization strategy was carried out in MATLABR2021b/Simulink. The re-
sults showed that, compared with the fixed group balancing control strategy, the proposed balancing topology and
control strategy could improve the balancing speed and consistency of the battery pack, the time efficiency was in-
creased by 29.71% , the battery SOC variance was reduced by 16. 13% and the number of energy transfers was re-
duced by 52.5%.

Keywords: lithium-ion battery; active equalization; reconfigurable circuits; dynamic grouping; balancing topology
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