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Modelling of the decay of homogeneous magnetohydrodynamic turbulence
by using compact schemes

D. Zhakebayev1∗, U. Abdibekov1

1: Department of Mathematical and computer modelling, al-Farabi Kazakh National University, Kazakhstan.
∗ Zhakebayev D.: dauren.zhakebayev@kaznu.kz

An examination of the homogeneous magnetohydrodynamic turbulence decay process, in spite of the large number of pub-
lications in this field, is a relevant task for researchers of several generations. The influence of magnetic field on the conducting
fluid is studied in various fields of science and used in an engineering and technology. Therefore, studies of magnetohydrody-
namic turbulence decay is an important task in the fields of: forming astrophysical and geophysical phenomena, MHD generators,
plasma accelerators and engines.

Research problems of the magnetic field influence on the electro conductive fluid is divided into three types:

• examination of the MHD turbulence at a constant value of the magnetic field.
• examination of the self-excitation of magnetic field at a given velocity of the flow.
• examination of the self-excitation of magnetic field and the motion of a conducting fluid at the same time taking into account

acting forces.

This work is devoted to study of self-excitation of magnetic field and the motion of the conducting fluid at the same time
taking into account acting forces. The idea is to specify in the phase space of initial conditions for the velocity field and magnetic
field, which satisfy the condition of continuity. Given initial condition with the phase space is translated into physical space
using a Fourier transform. The obtained of velocity field and magnetic field are used as initial conditions for the filtered MHD
equations. Further is solved the unsteady three-dimensional equation of magnetohydrodynamics to simulate homogeneous MHD
turbulence decay.

The numerical modeling of a homogeneous MHD turbulence decay based on the LES method with using compact scheme
depending on the conductive properties of the incompressible fluid is reviewed.

To solve the problem of homogeneous incompressible MHD turbulence, a scheme of splitting by physical parameters is used.
At the first stage, the NavierStokes equation is solved with no pressure consideration. For the approximation of convective and
diffusion equation members, a compact scheme of a higher order of accuracy is used by Abdibekov et al. (2013). At the second
stage, the Poisson equation is solved, which is derived from the continuity equation by considering the velocity fields of the first
stage. For the 3D Poisson equation, an original solution algorithm has been developed: a spectral transform in combination with
the matrix run. At the third stage, the obtained pressure field is used to recalculate the final velocity field. At the fourth stage, the
obtained velocity field is used to solve an equation in order to obtain the components of the magnetic field strength, which are
included in the initial equation.

As a result of the simulation with different magnetic Reynolds numbers, the following turbulence characteristics were ob-
tained: kinetic energy, magnetic energy, integral scale, Taylor scale, transverse and longitudinal correlation functions.

Based on the LES method with using compact scheme, the influence of magnetic viscosity on the decay of uniform mag-
netohydrodynamic turbulence has been numerically modelled. The modified LES method in combination of compact scheme is
allowed to obtain a compact approximation for the convective terms of the motion equations of the third, and for the diffusion
terms of the fourth, order of accuracy. The obtained results allow to sufficiently accurately calculate the variations of the charac-
teristics of uniform MHD turbulence with time at large Reynolds and magnetic Reynolds numbers. A numerical algorithm has
been developed to solve unsteady three-dimensional magnetohydrodynamic equations as well as to model the MHD turbulence
decay at different magnetic Reynolds numbers. The analysis of the simulation results makes possible the following conclusion:
the magnetic viscosity of the flow has a significant influence on MHD turbulence and, therefore, can be used for the process
control at the production of semiconductor single crystals. Physical processes and phenomena of uniform MHD turbulence were
identified in the numerical simulation. The proposed method can be used to solve MHD turbulence without significant changes.

REFERENCES
Abdibekov, U., Zhumagulov, B., Zhakebaev, D., Zhubat, K. 2013 Simulation of isotropic turbulence degeneration based on the

large - eddy method. Mathematical Models and computer simulations, vol. 5, no. 4, pp. 360-370.

session.paperP-02

9th International Symposium on Turbulence and Shear Flow Phenomena (TSFP-9), Melbourne, Australia, July, 2015



INDEX OF AUTHORS 

Tropea, Cameron 7B-4  9B-2   

Tsubokura, Makoto 7D-4   

Tsuji, Yoshiyuki 3A-3  7A-4   

Tsukahara, Takahiro 3D-3  P-42   

Tsunoda, Masaya 7D-4   

van Heerwaarden, Chiel 8D-2   

Van Oudheusden, Bas P-17   

Vanderwel, Christina 4C-1   

Vardy, Alan 2A-4   

Varea, Emilien 8B-2   

Vinuesa, Ricardo 2B-3  8A-1   

Voivevnel, Lea 8B-2   

Wagner, Claus 2B-1   

Walker, Andrew 6D-5   

Wallin, Stefan 7B-3   

Wang, Bing-Chen 1B-1  4B-3  8D-5   

Wang, Bobing 8D-1   

Wang, Haiou 2C-1  P-46   

Wang, Li-Po P-14   

Wang, You-Qin P-48   

Wang, Zhixin 8A-3   

Wasay, Abdul 1A-2   

Watanabe, Akira 7A-4   

Watanabe, Daisuke 3B-4  P-49   

Wieneke, Bernhard 7C-4   

Willert, Christian 4D-2  5D-3   

Willis, Ashley 3A-5   

Wolff, Christoph 4C-2   

Wong, Chi-Wai 9A-5   

Wood, David 1D-3  9B-4   

Wu, Yanhua P-50   

Xiao, Yuan 4C-5  P-51   

Xiao, Zhixiang P-11   

Xin, Zhenqing P-08   

Xu, Chun-Xiao 7A-5   

Yakhot, Alexander 3B-5   

Yamada, Shunsuke 3D-4   

Yamada, Yuki 9A-3   

Yan, Chao 8D-3   

Yang, Tao P-13   

Yang, Yue 6B-4  P-53   

Yang, Zixuan 1B-1  4B-3   

Yarusevych, Serhiy 7D-2   

Ye, Aran P-09   

Ye, Qingqing 3B-1   

Yenerdag, Basmil 1C-4   

Yoon, Min 1A-1   

Yoshimatsu, Katsunori 4B-5   

Zaki, Tamer 7A-2   

Zammert, Stefan 3B-2   

Zander, Anthony 2D-4   

Zettervall, Niklas P-33   

Zhakebayev, Dauren P-02   

Zhang, Binqian 9C-2  P-08   

Zhang, Zhaoshun 8D-1  8D-3   

Zhao, Lihao 6C-4   

Zhao, Song P-52   

Zhao, Yaomin 6B-4   

Zheng, Wenjie P-53   

Zhou, Ang 3A-4   

Zhou, Yu 1D-4  9A-5  P-03   

 


	Abstract_book_cover
	Abstract_book_inside
	BookofAbstract
	BoA_intro
	1- 1
	1- 2
	1- 3
	1- 4
	1- 5
	1- 6
	1- 7
	1- 8
	1- 9
	1- 10
	1- 11
	1- 12
	1- 13
	1- 14
	1- 15
	1- 16
	1- 17
	1- 18
	1- 19
	1- 20
	1- 21
	1- 22
	1- 23
	1- 24
	1- 25
	1- 26
	1- 27
	1- 28
	1- 29
	1- 30

	BoA_body
	1A0-1
	1A0-2
	1A-1
	1A-2
	1A-3
	1A-4
	1A-5
	1B-1
	1B-2
	1B-3
	1B-4
	1B-5
	1C-1
	1C-2
	1C-3
	1C-4
	1C-5
	1D-1
	1D-2
	1D-3
	1D-4
	1D-5
	2A0-1
	2A0-2
	2A-1
	2A-2
	2A-3
	2A-4
	2A-5
	2B-1
	2B-2
	2B-3
	2B-4
	2B-5
	2C-1
	2C-2
	2C-3
	2C-4
	2C-5
	2D-1
	2D-2
	2D-3
	2D-4
	2D-5
	3A0-1
	3A0-2
	3A-1
	3A-2
	3A-3
	3A-4
	3A-5
	3B-1
	3B-2
	3B-3
	3B-4
	3B-5
	3C-1
	3C-2
	3C-3
	3C-4
	3C-5
	3D-1
	3D-2
	3D-3
	3D-4
	3D-5
	4A0-1
	4A0-2
	4A-1
	4A-2
	4A-3
	4A-4
	4A-5
	4B-1
	4B-2
	4B-3
	4B-4
	4B-5
	4C-1
	4C-2
	4C-3
	4C-4
	4C-5
	4D-1
	4D-2
	4D-3
	4D-4
	4D-5
	5A0-1
	5A0-2
	5A-1
	5A-2
	5A-3
	5A-4
	5A-5
	5B-1
	5B-2
	5B-3
	5B-4
	5B-5
	5C-1
	5C-2
	5C-3
	5C-4
	5C-5
	5D-1
	5D-2
	5D-3
	5D-4
	5D-5
	6A0-1
	6A0-2
	6A-1
	6A-2
	6A-3
	6A-4
	6A-5
	6B-1
	6B-2
	6B-3
	6B-4
	6B-5
	6C-1
	6C-2
	6C-3
	6C-4
	6C-5
	6D-1
	6D-2
	6D-3
	6D-4
	6D-5
	7A0-1
	7A0-2
	7A-1
	7A-2
	7A-3
	7A-4
	7A-5
	7B-1
	7B-2
	7B-3
	7B-4
	7B-5
	7C-1
	7C-2
	7C-3
	7C-4
	7C-5
	7D-1
	7D-2
	7D-3
	7D-4
	7D-5
	8A0-1
	8A0-2
	8A-1
	8A-2
	8A-3
	8A-4
	8A-5
	8B-1
	8B-2
	8B-3
	8B-4
	8B-5
	8C-1
	8C-2
	8C-3
	8C-4
	8C-5
	8D-1
	8D-2
	8D-3
	8D-4
	8D-5
	9A0-1
	9A0-2
	9A-1
	9A-2
	9A-3
	9A-4
	9A-5
	9B-1
	9B-2
	9B-3
	9B-4
	9B-5
	9C-1
	9C-2
	9C-3
	9C-4
	9C-5
	9D-1
	9D-2
	9D-3
	9D-4
	9D-5
	P-00-1
	P-00-2
	P-01
	P-02
	P-03
	P-04
	P-05
	P-06
	P-07
	P-08
	P-09
	P-10
	P-11
	P-12
	P-13
	P-14
	P-15
	P-16
	P-17
	P-18
	P-19
	P-20
	P-21
	P-22
	P-23
	P-24
	P-25
	P-26
	P-27
	P-28
	P-29
	P-30
	P-31
	P-32
	P-33
	P-34
	P-35
	P-36
	P-37
	P-38
	P-39
	P-40
	P-41
	P-42
	P-43
	P-44
	P-45
	P-46
	P-47
	P-48
	P-49
	P-50
	P-51
	P-52
	P-53

	BoA_last


