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Needs to be solved on the 
cross-section plasma domain with 

boundary conditions

∇ ⋅ v = 0
∇ ⋅ B = 0
∇ × E = 0
∇ × B = J
E + v × B = ηJ

The stationary Navier-Stokes equation:
(v ⋅ ∇)v = J × B − ∇p + ν∇2v
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Figure 2: Root-mean square of toroidal and poloidal velocities 
in Alfven velocity units as a function of the Hartmann number 
in log-log scale with power-law fitting curves.

The scaling of velocity in the first regime  
 was predicted analytically [2]. The 

toroidal velocity in this limit scales with  
while the poloidal velocity scales with .
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We analytically predict the velocity 
behaviour in  regime by considering 
the boundary layer equations [3].

H ≫ 1

Figure 1: Toroidal velocity field for  and  with no-
slip boundary condition for toroidal velocity with , 
where is a Hartmann number .
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η = 6.9e − 9
H = (ην)−1/2


