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Abstract

In this paper, fractional variational iteration method (FVIM) is implemented to give an approximate
analytical solution of a time-fractional Navier—Stokes Equation. Fractional derivatives are described in
the Riemann-Liouville derivative. A new application of fractional variational iteration method (FVIM)
was extended to derive analytical solutions in the form of a series for these equations. By using an
initial value, the explicit solution of the equation has been presented in the closed form and then its
numerical solution has been showed graphically.The behavior of the solutions and the effects of
different values of fractional order « are indicated graphically. The results obtained by the FVIM
reveal that the method is performs extremely well in terms of efficiency and simplicity method for
nonlinear differential equations with modified Riemann-Liouville derivative.

Keywords: Fractional variational iteration method, A time-fractional Navier—Stokes
Equation, Riemann-Liouville derivative, Fractional calculus

References

[1] K.B. Oldham, J. Spanier, The Fractional Calculus, Academic Press, New York, 1974.

[2] I. Podlubny, Fractional Differential Equations, Academic Press, New York, 1999.

[3] A.A. Kilbas, H.M. Srivastava, J.J. Trujillo, Theory and Applications of Fractional
Differential Equations, Elsevier, Amsterdam, 2006.

[4] Podlubny 1 (1999). Fractional Differential Equations, Academic Press, San Diego.

[5] Caputo M (1967). Linear models of dissipation whose Q is almost frequency independent,
Part 11, J. Roy. Astr. Soc., 13: 529.

[6] A. A. Kilbas, H. H. Srivastava, J. J. Trujillo, Theoryand Applications of Fractional
Differential Equations, Elsevier, TheNetherlands, 2006.

[8] Miller KS, Ross B (1993). An Introduction to the Fractional Calculus and Fractional
Differential Equations, Wiley, New York.

[9] Samko SG, Kilbas AA, Marichev Ol (1993). Fractional Integrals and Derivatives: Theory
and Applications, Gordon and Breach, Yverdon.

[10] G.M.Zaslavsky, Hamiltonian Chaosand Fractional Dynamics, Oxford University Press,
2005.

[11] M.Merdan, A.Yildirim, A.Gokdogan, Numerical solution of time-fraction Modified
Equal Width Wave Equation, Engineering Computations, 2011 (in press)

[12] Merdan M., Solutions of time-fractional reaction-diffusion equation with modified
Riemann-Liouville derivative, International Journal of Physical Sciences . 7(15), pp.
2317 - 2326 (2012).

[13] Merdan M., Mohyud-Din S.T., A New Method for Time-fractionel Coupled-KDV
Equations with Modified Riemann-Liouville Derivative, Studies in Nonlinear Sciences, 2
(2), pp. 77-86 (2011).

[14] Merdan M., Gokdogan A., Yildirnm., Mohyud-Din S.T., Numerical simulation of
fractional Fornberg-Whitham equation by differential transformation method, Abstract
and Applied Analysis, Article ID 965367 (2012).


http://www.emeraldinsight.com/products/journals/journals.htm?id=ec
http://www.hindawi.com/journals/aaa/
http://www.hindawi.com/journals/aaa/

[15] M. El-Shahed, A. Salem, On the generalized Navier—Stokes equations, Appl. Math.
Comput. 156 (1) (2004) 287-293.

[16] S. Momani , Z. Odibat, Analytical solution of a time-fractional Navier—Stokes equation
by Adomian decomposition method, Applied Mathematics and Computation 177 (2006)
488-494.

[17] Z. Z. Ganji, D. D. Ganji, Ammar D. Ganji, M. Rostamian, Analytical Solution of Time-
Fractional Navier—Stokes Equation in Polar Coordinate by Homotopy Perturbation
Method, Numer Methods Partial Differential Eq 26: 117-124, 2010

[18] J.H. He, Variational iteration method- a kind of non-linear analytical technique: Some
examples, Int. J. Nonlinear Mech. 34 (1999) 699-708.

[19] J.H. He, X.H. Wu, Variational iteration method: New development and applications,
Comput. Math. Appl. 54 (7-8) (2007) 881-894.

[20] J.H. He, Some applications of nonlinear fractional differential equations and their
approximations, Bull. Sci. Technol. 15 (2) (1999) 86-90.

[21] G. Jumarie, Stochastic differential equations with fractional Brownian motion input. Int.
J. Syst. Sci. 6, (1993), 1113-1132.

[22] G. Jumarie, 2006. New stochastic fractional models for Malthusian growth, the
Poissonian birth process and optimal management of populations. Math. Comput. Model.
44, (2006) 231-254.

[23] G. Jumarie, Laplace’s transform of fractional order via the Mittag—Leffler function and
modified Riemann—Liouville derivative, Applied Mathematics Letters 22 (2009) 1659-
1664.

[24] G. Jumarie, 2009. Table of some basic fractional calculus formulae derived from a
modified Riemann-Liouvillie derivative for non differentiable functions. Applied
Mathematics Letters 22 (2009) 378-385.

[25] G. Jumarie, On the solution of the stochastic differential equation of exponential growth
driven by fractional Brownian motion, Applied Mathematics Letters 18 (2005) 817-826.

[26] M.-J. Jang, C.-L. Chen, and Y .-C. Liu, Two-dimensional differential transform for partial
differential equations, Applied Mathematics and Computation, vol. 121, no. 2-3, pp. 261-
270, 2001.

[27] Faraz N., Khan Y., Jafari H., Yildirim A., Madani M., Fractional variational iteration
method via modified Riemann-Liouville derivative, J. King. Saud. Univ.(Science) 23,
pp.413-417 (2011).



