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Abstract [ Objective] In traditional reverse osmosis (RO) membrane systems, scaling has always been a major challenge limiting
their performance and economic efficiency. The aim of this study is to optimize the flow channel design of RO membranes and analyze
fouling mechanisms, in order to improve the performance of membrane module and reduce fouling. [ Methods ] By establishing a
three-dimensional computational model of RO membrane flow channels, the differences in hydraulic performance between single-layer
channels and the new step-side flow channels are compared, and the influence of the inlet method of step-side membranes on membrane
permeability was analyzed. Simultaneously, long-term filtration tests and fouling weighing are conducted to validate the accuracy of the
simulation model. [ Results ]  The step-side flow scheme exhibits better flow uniformity and effectively reduced concentration

polarization effects. The stair-step flow channel of the membrane reduced in height and increases in velocity in the post-segment,
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leading to enhanced the flushing effect and reducing fouling in this region. Compared to conventional side flow membranes, the step-
side flow scheme in the experimental setup reduced fouling mass per unit area by 25%, greatly improving the membrane’s lifespan.
Compared to the single-layer flow channel, the step-side flow channel achieved an 18% increase in total water production and a 2%
increase in desalination rate under the conditions of a total inlet flow rate of 3. 2 L/min and a membrane feed pressure of 0. 62 MPa.
[ Conclusion] The single-side inlet scheme in the stepped channel yields a higher recovery rate, significantly improved uniformity

and average flow velocity, reducing the rate of membrane contamination. With a lower scaling per unit area and relatively lower inlet

and outlet pressure differences, the stepped single-side membrane channel offers optimal performance in terms of water production rate

and cost-effectiveness.

Keywords RO membrane flow channel design performance optimization fouling mechanism recovery rate
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