Highlights:
· Developed an efficient semi-analytical method for pressure-linked incompressible fluid flow problems.
· Proposed a general mathematical guideline for linear operators and their optimal forms for PDEs.
· [bookmark: _GoBack]Obtained direct analytical solutions of the Navier–Stokes equations without any reduction.
· Achieved higher accuracy and computational efficiency than benchmark CFD simulations.
· Analyzed vortex dynamics analytically in non-Newtonian microchannel flow with variable injection–suction.
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