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ABSTRACT 

This work deals with the application of the Radial Basis Functions (RBF) to the solution of 

the classical Magneto-Hydro-Dynamics (MHD) problem [1,2].  

The use of RBFs followed by collocation, a technique first proposed by Kansa [3], after the 

work of Hardy [4] on multivariate approximation, is now becoming an established approach. 

Kansa's method (or asymmetric collocation) starts by building an approximation to the field of 

interest (normally displacement components) from the superposition of RBFs (globally or 

compactly supported) conveniently placed at points in the domain and/or at the boundary. The 

unknowns (which are the coefficients of each RBF) are obtained from the approximate 

enforcement of the boundary conditions as well as the governing equations by means of 

collocation. Usually, this approximation only considers regular RBFs, such as the globally 

supported multiquadrics or the compactly supported Wendland functions [5].  

Use of meshless methods such as the RBF promises to significantly reduce the computing 

time, especially in arbitrary shaped domains, for the complex classes of problems such as EHD 

and MHD, which involves the solution of coupled mass, momentum and energy conservation 

equations and the Maxwell’s equations in a moving media.  

Table 1 shows the very small CPU time required to solve a MHD fluid flow for Ra=10
4
 and 

various Hartmann (Ha) numbers. As the Hartmann number increases, more pronounced is the 

magnetic field in the x direction, thus reducing the thermal buoyancy forces. All test cases 

presented in this paper were run in an Intel Centrino Duo (T2300 @ 1.66Ghz) with 1Gb of 

RAM memory. The code was written in Fortran90 and the “cpu_time” intrinsic function was 

used to measure the computing time. The numbers between parentheses correspond to the 

number of centers used in each solution. 

 



 

Table 1. CPU time for solving the MHD problem using RBF with different number of centers. 

Gr=104 CPU time (s) - RBF (6x6) CPU time (s) - RBF (8x8) CPU time (s) - RBF (15x15) 

Ha = 0 0.7187500 2.046875 50.35938 

Ha = 10 0.6562500 1.703125 34.03125 

Ha = 15 0.6250000 1.828125 40.14062 

Ha = 25 0.5625000 1.687500 42.59375 

Ha = 50 0.4218750 1.171875 25.53125 

Figure 1 shows the velocity and temperature profiles at mid-location of the cavity, both for 

the RBF-MHD formulation with 15x15 centers, and for the results presented in [6]. From this 

figure, one can see that even for this extremely low number of collocation centers, the velocity 

and the temperature profiles are very well captured. This becomes even more impressive when 

one looks at Table 1 and sees that such results were obtained in less then one minute.  

 

Figure 1. Velocity and temperature profiles for 15x15 RBF centers. 
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