XXVIII conference on plasma physics and CF, February, 19-23, 2001, Zvenigorod

XXXI conference on plasma physics and CF, February 16 – 20, 2004, Zvenigorod


SPECIAL FITURES OF EXPANSION AND HEATING OF CURRENT-CARRYING PLASMA IN THE VACUUM ARC DISCHARGES OF DIFFERENT TYPE 
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As it is known the plasma emitted from vacuum arc cathode spots, expands with a super-sonic velocity in a cone of half-angle of 30-500. Following evolution of plasma flow shape depends on the discharge macro-parameters which control the variation of cross-section 
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 with a distance 
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. Three characteristic cases demonstrate the power dependence 
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(see a table). A free quasi-spherical expansion (
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=2) occurs in a low-current arc where the plasma and magnetic pressure do not influence the ion motion. In a case of arc currents 
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A equilibrium between the magnetic and plasma pressures across the plasma flow is reached. The flow confined by a self-magnetic field, has a parabolic shape (
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=1) [1]. Application of an axial magnetic field to the vacuum arc leads to plasma streaming along a field and a cylindrical channel (
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=0) is formed [2]. 
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	External magnetic field


Solving the thermal balance equation for electrons one can obtain the electron temperature distribution 
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 for any value of 
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 results from the boundary condition near cathode). In a table the dependence of 
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is given for the distances where influence of a boundary condition is inessential. It is seen that three modes of plasma expansion into the vacuum ambient may be distinguished: (i) expansion with a cooling at 
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>1, (ii) isothermal expansion at 
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=1, and (iii) expansion with a heating at 1
[image: image22.wmf]³

>

n

0. This conclusion is supported by the measurements of the ion composition controlled by electron temperature: (i) in a low current arc the mean ion charge 
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=1-3 is invariable with a distance from cathode and corresponds to primary ionisation in a near cathode region, (ii) in a high current arc the ion charge increases up to 
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=2-4, (iii) in a vacuum arc in an external magnetic field the ion charge rises up to
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=3-5.
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