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
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ot or m oV Vlasov equation
n, = [ fdv
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V, = — J' f.vdv density ns and average velocity Vs

0™ moment Integral J.dV of Vlasov equation
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S+V(nVv.)=0
p + (nsvs)

continuity equation (conservation of particle number)
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1% moment Integral m, _[ vav of Vlasov equation

—
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conservation of momentum law pressure tensor

P--S = ps5 LTI,

Pressure is tensor 1) ) i, where ITj; is viscous pressure — tr(IT;;) = 0

N, o o 1 . = F
> +(V, V)V, =——divP* +—= | |
ot ol 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 TL#S -V (\73 —Vt) ... braking by friction against particles t

It follows from momentum conservation law that
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My (V, =V, )+my, (V, =V, ) =0

m, m .
= Vi ,=— V4 = | Z4
m, m, +m,

st

PST 3



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 _1— 1 2 —’_3 .
jE m,v-dv Ems_[v 1‘SdV_E NKgT, (V=V-V,)

— 1 — 2 —
Heat flux 4 = EmSJW fav
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Q(E nskBTsj+div{€|S +V, §nSkBTS}+ =N Vs _ 0
ot\ 2 2 or,
3 n.k, ol +§nskB (V,V)T, +divd + P Vi _g
2 ot 2 or,
%/_/
work by pressure
if Be =0, p" = p divV, work by scalar pressure

One-fluid approximation

uses mass density p, average mass velocity v, temperatures may differ Te, T;
In magnetic field — magnetohydrodynamics (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_lB for any particles with m, g
ov . ~

mn| —+(VV)v |=gn(E+VvxB)-V
2+ (99)7 |~ an(E+vxB) -

VP was absent in 1 particle description

slow motions => @ << 4,
mn@
oV a |
ot is omitted, because qnvxB

mnwv |
gnv,B

@
= <<1

@

assumption (VV)V =0 _term Including velocity square — small for small speeds
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(VxB)xB=B(V-B)-VB* =—v, B’ - 8
. ExB L
=> Ve = |;<2 E x B drift D
Uy =P : diamagnetic drift
5 —— g D
Vp LVp . then (\Q’V)\7 Is often exactly =0 d_e;nrzgannaetti%nd?fﬂ
| | |
H - = BXV( pi + pe) :
Jo = nee(Voi — Vo, ) = 5’ diamagnetic current
N n
L fe g =28 Qg =-¢ P. = NKgT, p; = NikgT; = ?e Ke T,

curvature drift and grad B drift are absent !!!
inhomogeneous E — drift is different from that in gyration center approximation
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V| B

B=(0,0,B,) >V, =V,

0
V2 EVZ — 1s often omitted (slow motion and small gradient)
N, ¢ c _ ykgT on
ot m ° mn oz
v,
If the right side were large for e’ - ot also large
on, d(Zn.)
o7 7 gz  — quasineutrality Ne = Z1; yiolation
eF — 7Kg T, on, EG@E
=> ‘ n oz 0z

€
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slow motion 7. =1
_ ed
o ed=kT Inn+C _, %= eXp( kBTej

In plasmas — quasineutrality principle

n,=2n N E=-0
E__ KT, On, )
en, oz E is calculated from YNe, and not from Poisson equation

This is called plasmatic approximation
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