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Research on Dual-Objective Structural Optimization of Paper Straws for "Anti-Spray and Drag Reduction" Based on Fluid Dynamics
Simulation
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[ Abstract ] Under the "Plastic Limitation Policy", paper straws exhibit structural defects, particularly in balancing spray and drag

performance when drinking beverages like cola. Users often experience excessive bubble formation during insertion.
This study employs fluid dynamics simulation to construct geometric models incorporating parameters such as tube

diameter and crease density. By integrating the VOF two-phase flow model with the NSGA-II algorithm, we conduct

dual-objective optimization for "anti-spray and drag reduction". Critical spray conditions are identified through flow

field visualization, and a nonlinear drag model is established. Through 100 parameter optimization iterations, a Pareto

solution set was obtained. Results demonstrate that the optimized design with a 7.5mm tube diameter and 4 creases/cm

density achieves a 32% reduction in critical velocity, 102Pa/m decrease in drag, and 0.4mm wall thickness capable of

withstanding 25N pressure. The mold yield rate reaches 92%. This study provides an engineering solution for paper

straw structure design that balances performance and manufacturing processes, offering a reference for dual-objective

optimization methods.

[ Key words ] paper straw; dual-objective optimization; fluid dynamics simulation; NSGA-II algorithm; drag model
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