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Abstract

This study addresses tire wear particles (TWPs), a significant non-exhaust emission pollutant, by
designing a miniaturized, frame-mounted tire wear particle capture device. Through theoretical

BT (-

SCESI M BRAL, EBL, IR T AR B RO ARG RO M SR B B S 0 BT TE D). R, 2025,
15(7): 681-691. DOI: 10.12677/app.2025.157073


https://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2025.157073
https://doi.org/10.12677/app.2025.157073

BRAt, £ 5%

analysis, structural innovation, parameter optimization, and numerical simulation, the research de-
velops a novel capture system adaptable to diverse vehicle models and establishes a performance
visualization platform. The newly designed capture device is characterized by its compact size, light-
weight construction, and ease of installation across various vehicle types. Furthermore, this work in-
vestigates the influence of vehicle type, speed, electric field intensity, and humidity on capture effi-
ciency via simulation. For sedan-class vehicles, the optimal installation positions of the device are spe-
cifically analyzed to maximize performance.
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Figure 1. Structural diagram of the compact frame-mounted tire wear particles collection device
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Figure 2. Working principle diagram of the compact frame-mounted tire wear particles collection device
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Table 1. Data on the main physical properties of tire wear particles
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Figure 3. Capture efficiency under different vehicle types and speeds
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Figure 4. Capture efficiency of different particle sizes
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Figure 5. Relationship between electric field strength and capture efficiency
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Figure 6. The influence of vehicle speed on the capture efficiency
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Figure 7. Relationship between ambient humidity and capture efficiency
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Figure 8. Relationship between the installation location of the device and the capture efficiency
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