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A collocation method based on Bernoulli-
hyperbolic functions for solving the fractional
electrohydrodynamic flow differential equation
In a cylindrical conduit

Parisa Rahimkhani !, Assistant professor, Elnam Keshavarz Hedayati®", Assistant professor

! Faculty of Science, Mahallat Institute of Higher Education, Mahallat, Iran; rahimkhani.parisa@mahallat.ac.ir
2 Department of Mathematics Education, Farhangian University, P.O. Box 14665-889; Tehran, Iran, e.keshavarz@cfu.ac.ir

Abstract: The present study introduces an efficient numerical method for solving fractional differential equations governing
electrohydrodynamic flows. This method relies on an effective combination-of Bernoulli polynomial bases and hyperbolic
sine functions. To this end, a collocation method has been developed that utilizes these combined Bernoulli-hyperbolic
bases for approximation. First, the highest-order fractional derivative in the equation is approximated using an expansion
based on fractional-order Bernoulli polynomials and the hyperbolic sine function. Next, by employing the Riemann-Liouville
fractional integral operator and applying the problem's boundary conditions, approximations for the solution function and
its lower-order fractional derivatives are derived. Finally;by-formulating a residual function and collocating it at the roots of
shifted Legendre polynomials, a system of nonlinear algebraic equations is obtained; this system is solved using Newton's
algorithm to yield the numerical solution. Additionally, a convergence analysis of the proposed method is presented, and
evaluation results demonstrate that the method achieves high accuracy with a small number of collocation points.

Keywords: Fractional differential equations; electrohydrodynamic flow; collocation method; Bernoulli-hyperbolic bases; Riemann-
Liouville fractional integral; Caputo fractional derivative; convergence.
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