Plasma as a mixture of fluids
(suggested reading — D.R. Nicholson, Introduction to plasma theory, §7.1, 7.2)

Fluid equations (hydrodynamic two-fluid equations)

particles of type ,.s“ (s =¢, i"), collisionless plasma
of of, Q.
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ot or m, oV Vlasov equation
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V, = — j f.vdv density ns and average velocity Vs

0™ moment Integral jdv of Vlasov equation
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continuity equation (conservation of particle number)
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1% moment integral m, _’- vav of Vlasov equation
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| 0, (E+V, xB)
conservation of momentum law pressure tensor
S S S
Pressure is tensor Pij =P 5ij 1L where ITj; is viscous pressure — tr(IT;) = 0
N, . .. 1 . = F
> +(V V)V, =——divP* +—=

ot P m, force equation (Navier-Stokes eq.)
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Including collisions into equation of motion

Mutual collisions of particles of the same sort — no impact on Vs

for L#S -V (\75 —Vt) ... braking by friction against particles t

It follows from momentum conservation law that

My, (V, =V, )+ my, (V, —V,)=0

s st

m, m .
= V= — Vi = | 24
m, m_ +m,

st
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Energy conservation law

simplified assumption are often used
e adiabatic process p=Cn’

e isothermal process y=1

to avoid solving equation for temperature (heat conduction)

Derivation of energy conservation via 2" moment of Vlasov equation

1 2 y— 1 2 *_3 — —
IEm*‘V dv Emsjv fLdV =2nkeT, (V=V-V,)

— 1 — 2 —
Heat flux Q= EmSjW f,dV
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Q(E nSkBTSJqLdiV{CiS +V, §nSkBTS}Jr P, Vs _ 0
ot 2 2 or,
3 n.k, ol 3 n.Kg (V,V)T, +divd, + Py Vi _g
2 °% a2 or,
%/_J
work by pressure
it P =0, P = p divy, work by scalar pressure

One-fluid approximation

uses mass density p, average mass velocity v, temperatures may differ Te, T;
In magnetic field — magnetohydrodynamics (will be described later)

for the description of laser-produced plasmas, quasineutrality approximation is
applied and one obtains one-fluid two-temperature hydrodynamics
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Drift motions of fluid

v_1B for any particles with m, g
oV ~ .

mn| —+(vV)v|=gn|lE+VxB)-V
(W97 | ~an(E+xE)-vp

VP was absent in 1 particle description

slow motions => @ <<,

mna—\7
av ot _ MNwV | _w 1
E IS omitted, because gnvxB| |qnv,B| o,

assumption (VV)V =0 term including velocity square — small for small speeds
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qun(EJrT/xB)—Vp < B OO M

(VxB)xB=B(v-B)-VB* =—V B’ - 8
. ExB .
=> Vp = s E x B drift D
_ Vp x B . o
Vp =— > ...diamagnetic drift D
gnB
VoL VD then (V’V) v 1s often exactly = 0 explanation of
diamagnetic drift
- R - BxV ( Dt D, )
Jp=me(Vp =Vp)= I’E diamagnetic current
n n,
ni :?6 ql' :Ze qe = —€ pe znekBT; pi znikBT; :ngT;

curvature drift - same as in guiding center approx., but grad B drift is absent !!!
inhomogeneous £ — drift 1s different from that in guiding center approximation
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v, gvz — is often omitted
v, (g e _kaT on

o m ° mn oz

(slow motion and small gradient)

avZ
If the right side were large for e’ — ot also large
on, o(Zn,)
0z ” gz — quasineutrality e = ZN; violation
_eE = VeKgT, ON, Ee@
= ' n & oz
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slow motion e =1
_ ed
_, ed=k. T, Inn +C _, Ne =My exp( kBTej

In plasmas — quasineutrality principle

ne — Zn| A E == O
E _ kBTe ane )
en. oz E is calculated from Ve, and not from Poisson equation

e

This is called plasma approximation
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