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Star-Disk system

Assumptions, Approximations and Consequences

Weak lonisation: A fluid consisting of a majority neutral
particles and a minority of charged particles

@ collisions are dominated by neutrals
@ p~py
@V~ V4

@ Pressure, inertia and accelerative forces due to charged
fluids are negligible



Star-Disk system

Assumptions, Approximations and Consequences

Full lonisation: A fluid consisting entirely of charged particles

@ electrons —e, positive ions +Ze = ne = Znjop

@ Me < Mion

@ p = pe + Pion

@ pV = peVe + pionVion

@ Pressure, inertia and accelerative forces due to charged
fluids must now be included
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Testing the Code

Testing by comparison against a steady solution

@ Start with multifluid magnetohydrodynamics (MHD)
equations

@ Assume time-independence % —0
-di i 9 0
@ Assume one-dimensions oy oz — 0

@ Solve the steady state equations and compare
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MHD multifluid equations for the charged fluids

Conservation of mass — Continuity equation

8.
%JFV‘(MV/):O

(pi and v; mass density and velocity of charged species i)

For time independence in one dimensions, this reduces to:

0
5PV =0 = pi(Vvi)x = constant = Q;
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MHD multifluid equations for the charged fluids

Momentum equation

Qijpj <E + EV/ X B) =Vp; —f;+ p’liDltI

where

fii = pipjKij(vj — vi)
and the Lagrangian derivative is defined as
D 0
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MHD multifluid equations for the charged fluids

1 D:v;
Qipi <E + EV,’ X B) =Vp; —f;+ p’liDltI
Write
Ve = 2 T+ E A 9 R ~ 0 ~
Pe = 6XPeZ aypej 97 Pek =~ Ix De?

Examine electron momentum equation, using me negligibly
small, in y- and z-directions only:

E, = —16 ((ve)zBx — (Ve)xBz) — pionaK:m7 ((Vion)y — (Ve)y)
E; = _l ((Ve)xBy — (Ve)yBx) — W ((Vion)z — (Ve)z)
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MHD multifluid equations for the overall fluid

Conservation of mass — Continuity equation

dp B

For time independence in one dimensions, this reduces to:

88)((/)") =0 = p(v)x=constant=Q
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MHD multifluid equations for the overall fluid

Momentum equation for charged particles:

1 Div;
ipi|E+—-VvixB| = i — ;i /
Qa;pj < + CV/ X > Vpi — 1+ pi— Dt

Use charge neutrality and current density

N N
Zaip,- =0 J= ZOJ,’,O,'V,'
i i

and
fe,ion = _fion,e
and sum over i to get:

N

D,
fJxB Vp+2p, Ad
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Lagrangian Derivative

N2 N2 N=2
;piD;Vi = ;Piatvi‘F;Pi(Vi'v)Vi

after a LOT of algebra
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MHD multifluid equations for the overall fluid

Momentum equation for overall fluid

1
%:—JxB—V-(pvv)—Ver 1

J
ot c Qelljon S (p)

Reduce this equation to time-independence and
one-dimensions.
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MHD multifluid equations for the overall fluid
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MHD multifluid equations for the overall fluid

Finally
opv 1 1 J
W—EJXB—V(pVV)—Vp+aealon(J V) <p>

using the p = &%p, becomes:

_11312 (V)x ap
0 2 0 0
(g ) s (0) 5 (Y

or
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Solving our steady state equations

To solve the steady state equations:

@ Use the magnetic field B at each point in space to solve for
our 12 variables

Ps Vxs Vy, Vz, Pes (Ve)x (Ve)ys (Ve)zs pions (Vion)x> (Vion)ys (Vion)z

@ Then evolve the magnetic field through space using the
induction equation

The first two variables to be solved are:

C, + BB C, + BxB
(v)y:%,and(v)zz%
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Solving our steady state equations

and so 0
(V)x=—
T p
Having found these we can get
QO (0%
pe = ——>—p, and pion = 79_17
Qjon — Qg Qe — Qjon
and
Qion

Q
(Ve)x = 7:, and (Vion)x = Dion
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Solving our steady state equations

8 variables have been calculated
4 remain

Use pv = >, piv; to get

p(V)y = pe(Ve)y + pion(Vion)y
p( V)z = pe(Ve)z + Pion(Vion)Z
and recall
1 K.
E, = = ((Ve)zBx — (Ve)xBz) — w ((Vion)y — (Ve)y)
e

E; = _16 ((Ve)xBy — (Ve)yBx) — W ((Vion)z — (Ve)2)

e
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Induction equation

The 12 variables have now been solved.
Next, evolve the magnetic field using the induction equation.

For a fully ionised plasma, the Generalised Ohm’s law is

B J 1 1
aepele C agpe

1 1
E:_EVXB+ (JXB)_eWVp

and integrating gives us the fully ionised Induction Equation

OB c? 1
E%—VXM—VX <47TR(VXB)_6NV'D>



Testing the code
000080

Pressure term

Examine the term V x 5 Vp.

Recall N = ng + njpn and ne = Znjo, by charge neutrality.
Then N x p. Also, p x p.

Then

V x <e1NVp> x V x <2)Vp> xVxV(np)=0
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Induction equation

So the induction equation for a fully ionised plasma

becomes, in a time-independent and one-dimensional system,

0 o (¢ 0
axM = ax <47rR8xB>
which gives us

2,0

to complete the solution of the steady state equations.
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Weak lonisation
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Weak lonisation
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Thank Youl!
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