Mass conservation equation in MHD
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Mass conservation eq. in MHD
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two-species fluid elements single-species fluid elements

(proton + electron) (MHD)




Equation Il... momentum equation

% = F (mass x acceleration = force)
Fem=q(E+v X B)
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Equation of motion for a particle: M

Momentum equation for a fluid element:; p % =f
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mass density acceleration  yojume force (force per unit volume)
(mass per unit volume)

+ Acceleration: <V . Lagrangian derivative = oy + v e V v... Eulerian derivative

dt ot
* \Volume force

gas pressure gradient force (collision-related): f,=—=V p

Coulomb force + Lorentz force (collision-unrelated; field-based): f.., =n q (E + v X B)

gravitational force (collision-unrelated; field-based): fg: nMg

collision-related): f, = p v {Vz v+ % Vv (V . v}] V: Viscosity




Lagrangian derivative vs. Eulerian derivative
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Momentum equa tion in MHD (simplified version... nonlinear term (v * V)v is neglected)

' Proton's momentum equation (nonlinear term (»" + V)»" is neglected): \ & f@
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(global & continuous) => change in momentum (relative velocity) per unit time
 Electron's momentum equation (nonlinear term (v* + V)»* is neglected): & o
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Add both equations...
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J Momentum eq. in
MHD p e
P =P + P :total gas pressure MHD
MHD (simplified version)

Jj =ne (v —v°): current density



