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DNS of turbulent free surface flow with MHD
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Abstract A direct numerical smulation (DNS) of turbulent free surface flow with a constant magnetic field has been carried out to grasp
and understand the effects of electromagnetic suppression of turbulence. In this study, the Reynolds number based on a bulk velocity and a
channel width was set to be constant, Re = 2300. The magnetic field a Ha =20.0,30.0 for the orientation of streamwise direction and at Ha
=5.0,10.0 for the orientation of spanwise direction taken from the electrical potential equation was applied to a constant magnetic field. The
number of computational grids used in this study was 256 x 128 x 128 in the x-, y- and z-directions, respectively. The turbulent quantities
such as the mean flow, turbulent stresses and the turbulent Stetistics were obtained via present DNS. The mean velocity and turbulent
intensities distributed from the wall to the free surface and is damped quickly near wall region.
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Table 1 Computationa condition
Grid number Computatio Spatial resolution Orientation
Re, (xx yx z) nal Domain (Dx+ Dy* Dz+) Ha
(LoL,L)
2300 256x 128x 128 | 15d,d,2pd 8.78 0.24 1.73,7.36 B 20
2300 256x 128x 128 | 15d,d,2pd 8.78 0.24 1.73,7.36 B 30
2300 256x 128x 128 | 15d,d,2pd 8.78 0.24 1.73,7.36 B 5
2300 256x 128x 128 | 15d,d,2pd 8.78 0.24 1.73,7.36 B 10
2
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Fig. 6 Turbulent kinetic energy budgets with spanwise orientation

at Ha=5; (a) al terms, (b) additional MHD terms
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Fig. 7 Turbulent kinetic energy budgets with spanwise orientation
at Ha=10; (&) all terms, (b) additional MHD terms
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Fig. 9 3D contour surface without MHD ; (a) low pressure
region (P*<-3), (b) low speed region (u*< -3)
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Fig. 10 3D contour surface with MHD Spanwise orientation
(Ha=10) ; (@ low pressure region (P*<-3), (b) low speed region
u'<-3)
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Fig. 11 3D contour surface with MHD Streanwise orientation
(Ha=20) ; (@ low pressure region (P*<-3), (b) low speed region
(u<-3)
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