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The hollow fiber membrane module has attracted attention as a powerful gas separation technology, as it has the potential to overcome the downsides of conventional membrane module devices. It has several advantages over other types of membranes for gas separation processes, including high permeability, high selectivity, and high stability. Hollow fiber membranes can be used for a wide range of gas separation applications, including CO2 capture, natural gas processing, and hydrogen purification. Despite the benefits that membrane reactors bring, the compact design can cause trouble with the performance of the hollow fiber membrane module, making it necessary to optimize the module arrangement. Mathematical modeling and simulation approach proves more convenient than conducting physical experiments, which are often time-consuming, expensive, and entail greater technical challenges. A Computational Fluid Dynamics solver was developed to simulate the intricate process of multi-component gas separation within a hollow fiber membrane module. The developed solver addresses the Navier-Stocks equation, incorporating source terms and leveraging the double porous media to approximate the densely packed hollow fiber module, optimizing computational efficiency. Significantly, the solver facilitates three-dimensional predictions of velocity, concentration, and pressure profiles in both feed and permeate sides, providing a comprehensive understanding of how module geometry influences the hollow fiber membrane module's performance. The versatility of this solver positions it as a valuable tool for optimizing industrial-scale membrane module designs based on simulation results.
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