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DYNAMOS IN FLOWS
GENERATED BY EKMAN

INSTABILITY
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Flow driven by shear or convection 1n a rotating frame.

Ekman layer can become unstable giving cat’s eye rolls

(Ponty, Gilbert, Soward 2001).
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SIMPLIFIED PLANE
LAYER FLOW

U = (¢y7 —%;a ’lU),
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PONOMARENKO AND
SEPARATRIX MODES

OB;

G2

B=Vx(uxB)+eV’B, V-B=0, iyt
Q_Q) £

B —b(z, y)epHikz + complex conjugate. % - _
—0.1F

R = ¢! is the magnetic Reynolds number, o5 -
—0.3

B, is plotted in the (z,y)-plane

R = 500.
k=25,
=ty




FIELD STRUCTURE

R = 500.

k=25,

® positive Bz
® negative Bz

e

@ |BI
® positive Bz
® negative Bz




DYNAMO MECHANISM

positive Bx
y ® negative Bx

Stretch-told-shear: Roberts,
Soward, Bayly, Childress.
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Y = Acosx — Bcosy, w =1,
u = A(0,sinz, cosx) + B(siny, 0, — cosy).

A=./3/5, B=24,



R = 1000
B =V x(uxB)+eV°'B, V-B=0;

B = b(z,y)e"" ™ + complex conjugate.



B Z IN X-Y PLANE
R = 100C







These localise on stream
surfaces satistying:

V(y)  w'(®)

V()  w(y)

| > e ~ 0.943.
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Growing Ponomarenko modes can only occur if this purely
geometrical condition is satisfied: generation overcomes

enhanced diffusion (Soward 1990, Gilbert & Ponty 2000).
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Fastest growing modes for each value of R:
maximise Re p over k for given R.

Appear to have
i k = 0(R1/2)7 Rep = 0(1)7

as far as we can tell numerically (cf. Soward 1997).



Y = Acosx — Beosy, w= Acosz — Bcos(y— ¢),

0.08 [
Earlier examples had w a 5. 0.06
function of psi, but this 1s not o 0.04
the case for the Ekman 0.02}
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u = A(0,sinz, cosx) + B(siny, 0, — cosy).

A:\/gsinf, B:\/gcosf. Ot

R o 1000 and 6 == 4507 44.507 4407 Peite
@5

13.5°, 43°. 42.5° and 42° 3
G108

0.00

0

G.O. Roberts’ flow modes (square cells) appear distinct from

cat’s eye modes. As the channels open up the Roberts’ mode

disappears and the cat’s eye mode takes over



(975?1 = —az(%FQ)a at§2 = az(%El), v

p ~ tk/oas. (ke
op = O(R%?), ay=CiR
Childress & Soward 1989
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S A

R=32, 64, 128

Solid: numerical, o 0.006 ]

dotted: alpha-effect g e
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Alpha effect only functions 1n a narrow window
Qe k< OR

that vanishes with increasing R (Childress & Soward 1989).
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1.0 144
200

Table 1

R1/2q/4);

sim
0.2214
0.2227
0.2232

051172
sl 7T
0.1179

bl asy

0.2246 0.2248

0.1186 0.1250

R1/2q/(-);

sim
1.3792
1.3805
1.3812

3.3582
3.3646
3.3680

D (B = AN A
bl asy

1.383

1.320

3.377 3.455

Comparison with table 1 of Childress and Soward (1989). Here 8 = 6 R"'/2. Columns
3-5 give results for R'/2a(*) and columns 6-8 give those for R"'/2a(~). The labels
are ‘sim’ for results computed numerically using a two-dimensional simulation for
the value of R’ given, ‘bl’ for the numerical solution of the boundary layer equations
(valid in the limit R’ — oo) taken from Childress and Soward (1989), and ‘asy’ for
their asymptotic approximation valid for large R’ and large (3.



A

st Global alpha-effect modes: small window for small k;
require double periodicity.

N2

2¢ Cat’s eye modes: require single periodicity; fastest
y q gle p
growing modes.

Al

s¢ Ponomarenko modes: require only a single
overturning cell; slow growing modes.

Al

¢ Dynamics: modes for Ekman instability equilibrate

with low-level, irregular magnetic fields (Pu Zhang).
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