
Two-fluid model of the interaction of a cylindrical object with ambient  
plasma under the influence of an axial magnetic field 

 
T.M.G. Zimmermann (1), M. Coppins (1), J.E. Allen (1), (2) 

 
(1) Blackett Laboratory, Imperial College, Prince Consort Road, London SW7 2BW, UK 

(2) University College, Oxford, OX1 4BH, UK 

tassilo.zimmermann02@imperial.ac.uk 
 
 Dusty plasmas have been an area of active research for some time. Dust can have a 
deleterious effect in material processing plasmas and magnetic confinement fusion. It is 
therefore of paramount importance to understand the charging process and hence the dynamics 
of these contaminants in order to reduce their negative effects on the performance of industrial 
discharges and fusion plasmas. The dust grains are not limited to any particular shape and often 
deviate significantly from the spherical shape used in most experiments where artificial dust is 
introduced into a plasma. Instead one might find elongated or asymmetrical pieces of material 
[1], which may even be ferromagnetic (eg. steel), leading to interesting behaviour. Furthermore 
there may be strong B fields present in the plasma, which alter the plasma-solid interaction. 
 In this work we consider dust grains, which are long compared to all scales of interest in 
the plasma and align with an applied magnetic field. The interaction of a plasma with such 
objects is treated with a two fluid model akin to that used by Sternberg et al [2]. We use the 
geometry outlined in figure 1.  

 
 
Fig. 1 Geometry of the problem. The magnetic field, B, is aligned with the axis of the cylinder, the 

electric field, E, is negative. The quantities a and b represent the radius of the cylinder and the 
local presheath, respectively. 

 
 The model is based on the electron and ion momentum equations and continuity. Using 
cylindrical polar coordinates, one can solve them in two dimensions. It is convenient to define 
the following quantities and normalizations: 
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U is the electrostatic potential, Z determines the ionization rate (Zne is the source term in the 
continuity equation), νe, i represent electron and ion collisions as friction terms in the momentum 
equations, rL e,I are the Larmor radii of electrons and ions traveling at cs, the Bohm speed. The 
density, n, is normalized to its value at r=b. For simplicity, we assume quasineutrality, 
ambipolar outflow from the presheath, cold ions and isothermal electrons. After normalization 
and some manipulation the following equations can be obtained:  

 

 
 

Equations 3-5 are singular when Vr
2 = 1 (the Bohm criterion is fulfilled). This corresponds to 

the point where the assumption of quasineutrality breaks down and the sheath begins [3]. The 
equations are solved working inwards from the bulk plasma boundary. Beginning with initial 
values derived from Taylor expansions of the five unknowns we integrate with an adaptive step 
6th order Runge-Kutta method. This yields profiles of the presheath, indicating strongly non-
Boltzmann density distributions and fast electron flows in the azimuthal direction if the 
magnetic field is strong. We also record the relative importance of individual terms in the above 
equations to gain more detailed insights into the presheath mechanism. 
 Using this model it is possible to determine the floating potential of the grains (in 
combination with an appropriate description of the sheath) as well as azimuthal currents set up 
by the magnetic field as it retards the plasma incident on the solid. Once the applied magnetic 
field becomes large enough to set up currents, which lead to a significant correction to the field, 
the model breaks down. One would then be forced to treat the fields self –consistently, which 
will further complicate the situation. In future we will attempt to cover a wider range of 
geometries and determine the floating potential on dust grains in magnetized plasmas. 
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