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Boundary conditions for physical fluxes in
plasmas
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Interactions & Reactions Considered

®
® Single Plasma Fluid and Neutral Fluid Model
® Required Boundary Conditions

®

Physical Model for Boundary Conditions
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Kinetic description is most appropriate, but not feasible for the Center’s
goals. Instead we derive a fluid model that captures the essential physics.
The derivation follows that by Braginskii and generalizes to include the
effect of atomic reactions. Assumptions:

® Fluid model provides an adequate description for the plasma.

® Plasma is represented by a three-component plasma — electron, ion,
neutral fluids.

® All excited states are lumped into the ion or neutral species.

® Additional assumptions are identified as they are made.
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For typical ICC plasmas, the most important atomic reactions are electron
impact ionization, radiative recombination, and charge exchange.
e +tn—i +2e —¢
e +i' > n+hv
F+n—on+i’

where ¢. . is the ionization potential and zv is the photon energy. Non-
reacting collisional interactions are handled in the usual manner.

Fluid model is derived from moments of the Boltzmann equation.

o, I, 4 J, 9
Yo R o (E Bl = 2« — C
at o aX ' ma ( i ) aV at collisions B ”

Collisional term (RHS) accounts for all reactions. Any collisions of species
B that affects species «. Including atomic reactions leads to

JCaﬁdV # 0.
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W Moment equations for each species  *

UNIVERSITY of }
WASHINGTON SI-Centef

The first three moments of the Boltzmann equation gives equation for
species continuity, momentum, and total energy. For example, the
equations for the ion species are

a—n+V(
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where I', is the rate of ionization and is dependent on species densities

won

and temperatures.
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w Fluid model includes single ionized fluid # *’ﬁ;
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The three fluid model can be reduced to a single plasma fluid and a

neutral fluid. The model is comparable to MHD with a neutral fluid. The
usual MHD assumptions are applied, n. =n, and m, — 0.

on.
=r+Ve{ny,)=T,, T,

%)
an; T V.(nnvn ) = Frec - Fion

The momentum equations for the plasma and neutral momenta are

%(minivi)+vo(minivivi —BB/,LLO +(pl. +p,+ 32/2/10)]1) —
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The magnetic induction equation is similar to the one from MHD.
ij—Vpe—Rie+ReH)

en.

1

w Fluid model includes single ionized fluid §)//%

aa—]:+V-(ViB—BVZ.)=V><(

The energy equations for the total plasma energy and total neutral energy

%(Ei+ge)+Vo((8i+pi)Vi+(8€+pe)Ve+hi+he):j°(E+];{—}:]+Vi0Rm+VeoRen
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w Boundary conditions for plasma fluid + 7)//%
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Expressing the governing equations in compact form,

a—Q+VoFdl_v +V><ch =9

ot

Integrating over the domain and applying vector calculus theorems,

ijdVQ+§]§dSn-Fdiv+<JSdSn><FCW[ =[ars
atQ 0Q 0Q Q

Consistent boundary values must be specified for the appropriate flux
terms in the surface integrals.

ne

div

nx F

curl
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Consider the case of a solid wall that is impermeable to plasma but
produces neutrals through outgassing and recombination.

Assume boundary to the left of plasma in X direction.
For the continuity equations, this gives

IP(I’Z.V.) —>nyv. = —ny.
i i ix

0Q LIy,

n-(nv)%nv‘ =(nv ) — Rnv.
n n n nx aQ n nTh il’lj 1 IX

lons flow into the wall at the thermal speed and are recycled with a
fraction of R.

Neutrals flow out of the wall due to injection/outgassing and due to
recycling of the ions from recombination.
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For the momentum equations, the ion momentum flux at the boundary is

n-(ml,nl,vl,vi —BB + (p +B*/ 2)]1) — ifrziifzivixvi‘aQ — BXB‘aQ + (p +B*/ Z)X

0Q

Consistent with the particle fluxes the following need to be specified:

— _niviTth‘; BXB‘BQ ; (p +8°/ 2)

i 30 20

The neutral momentum flux at the boundary is

n-(mnVV +p]1)%mnv V‘ + p X
nn n n n non nx nlyQ no 190

The consistent fluxes that need to be specified are

n nx nlyo Ny,

\% (nv ) X—Rnv v X; p
a Th ll’l] 1 IxX I’laQ
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W Boundary conditions for energy fluxes °
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For the energy equations, the plasma energy flux at the boundary is

n-((gi +p,)v,+(e,+p,)v, +h, +he)

%(£.+p.)v.‘ +h.‘ +(e +p )v ‘
l l X (50 X 19Q e e ex [50 ex [9Q

Consistent with the particle fluxes the following need to be specified:

(8+p)vix . —(8+p)vim; h agzO
The neutral energy flux at the boundary is
n-((en + pn)vn + hn) —> (811 + pn)vm‘aQ g

The consistent fluxes that need to be specified are

(e, 42,V =((e,+p)v, ) ~R(g,+p)vs .
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For the magnetic induction equation, the associated fluxes at the
boundary are

n-(viB — Bvi) —> vixB‘aQ — vai‘aQ

[jXB—Vp ~R_+R
—n X e ie
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Consistent with the particle fluxes the following need to be specified:

v. B

X ‘aQ

=—v. B, Bv/| ; 7,
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