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MEAN-FIELD MAGNETOFLUIDDYNAMICS

For the sake of simplicity incompressible homogeneous fluid

e Basic equations

Induction equation

oB=-V(nVxB-UxB), V.-B=0

Momentum balance
1
(O U+ (U-VYU) = —VP4+owV2U-20xU+-(VxB)xB+F,
L

V.U=0
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Induction equation
OB=-V(nWVxB-UxB+€), V.-B=0
Momentum balance

o(0 U+ (U -V)U)
. VP4 V2T - 20 x T+ S(VxB)xB+F+ F.
1L

£ and F V.U=0
mean electromotive and ponderomotive forces

due to fluctuations
E—=u XDb

]::—Q(u-V)u—I—%(be)xb
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e Mean electromotive force £
and mean ponderomotive force F
b —V x (Uxb+ (uxb))—nV2b=V x (ux B), V.b=0 (+1)
(ux b) =uxb— (uxb)

Hhu+ (U -Vu+ (uw-VIU 4 (u-V)u) = —le + V24— 20 x u
o

F (VB x b+ (Vxb) x B+ (Vb)) +f., V-u=0  (+2)

Lo

=

((w-V)u) = (u-Viu—((u- - V)u)

P
((Vxb)xb) = (Vxb)xb—((Vxb)xb) f=F_-F
= b and w are functionals of B, U and f
— & and F are functionals of b, w, B, U and f
They are not necessarily linear in B or U.

Contributions independent of B or U cannot be excluded.
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e Mean electromotive force &£

Relax the assumption that b decays to zero if B = 0,
.e., admit mhd turbulence.

w=u® 4 4B . b=1b0) 4 p(B)

£ = (4,0 » p(0)y

g(B) — (1) x b(ﬁ)) 1 (u(ﬁ) x b0y 4 (u(E) % b(E))
(u % b(§)> + (u(ﬁ) % b(0)>

(u(9) x b(§)> + (uB) x b)
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o £(B) _ 4 simple (academic) example:
(u, b) homogeneous isotropic mhd turbulence, B small, U =0

- E=aB-3VxB
Adopt equations (x1) and (x2) for b and u (with © = 0).

Expand u = u@ 4+ oM 4 ... p=5bO 4 p1) 4 ...

with (1) for “first order in B".
Introduce SOCA in equation for (1)
and analogous approximation in equation for b1,

Straightforward calculation delivers o = a{%) — o(b) . B= .,3(“)

o =2 [ [T 60 @@ 1) (¥ xu( +8))) d*dr

O I B Rl () POSSRNA (o) Py (0) 3¢
2ol GVEND 0@ 0 (Vb)) aec

W) — L [ [ c@ e Y 14,0 p(0) 3¢
s =2 [ [T e @@ 6O @ + ) a’
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o £B) _ 3 simple (academic) example [2]

o =all) = ol®) g ;K

High—conductivity and low-viscosity limit
q — )\{%/T?‘T{: — 00, p= )\g/m-c — 00

o) = —% ODC(u(O)(m,t) P e

_ _% w© . (V x u(0)) (v

alt) = —i/' (O (2,1 - (be(o)(mt 7))dr
3pe /o
:_3 50 . (v x p0)yy 7lab)
e
2wy — 1 [, (0) G _ 1,02 8
6, 3‘[3 (7 (1) - (@t —))) dr 3(u ¥
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e £00) — 3n example

Originally homogeneous isotropic mhd turbulence,
influenced by mean motion (U) and Coriolis force ()

0 =, VxU+cof

Yoshizawa 1990

In second—order correlation approximation

v =3 [7 [ (66 N+36W (D) (ula, ) ba+e, 1+7)) d¢ar

co=-2[" [ W& (ule.0) b+t + 7)) dPdr

(u - b) cross helicty
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e A relation for o€

HhE = (Oru x b) + (u x 94b)
For the sake of simplicity U = Q =0
HRE=X+Y +2Z2

JB,

oxy. ‘ )
a’u,.:,n 1 d b']"n‘, >)

Rl ( u — b;—
L] ilm ( [8133;} PBQ< Zf);rj

X _a’ﬁjB +b ijk

Y v {((V2u) x b)), n(ux (V2b)), (F x b)

Z . terms of third order in w and b

Sometimes ansatz Y + Z = —& /7« used

KHR Stockholm January 2010



e A relation for 9;€ [2]

Sometimes ansatz Y 4+ Z = —&€ /7« used

B
j 4 : s ,‘ ‘_.‘ 5
i — Q5D 17k 833!;

with a;j = Ei.,-,;_jﬁ and b-;;j;;. — B-.i.jkT*

In the isotropic case

a = —%(m-(v X)) —ia)-(v X b)))ﬂk,
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