Value-added maps:
Fluid-dynamics descriptors
from ring diagrams
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Overview

e I'D descriptors from ring-diagram analysis
e Vertical velocity component
e Vorticity
e kinetic helicity density
® etc. etc.

e What is it good for?
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Synoptic map of horizontal flows
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AR 10069 at 300° longitude, 7.5° South




(1) How to derive v, ?

mass conservation

(ap/ﬁt) + Vpv+ pV'v =0

simplified to:

Qv /0z) + p '(Op/oz) v, + divv, = O




Vertical Velocity

Vertical Velocity (m/s) CR 1993
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Average Vertical Velocity
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B > 87 G; 1 year (CR 1979 - 1992)




(2) Vorticity

W =Vxv

Wy = 0V, /dy - OV, [0z

W, = 0V, /0z - Ov, /0X

W, = 0v, /OX - vy /dy




Zonal Vorticity

Zonal Vorticity (107* 57") CR 1993

Mean actual depth:
10,2 £ 2.5 Mm
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Depth-latitude slice of Wy

CR 1993 13 Aug 2002 - 0B Sep 2002
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(3) Kinetic Helicity Density

h=w- v

h = W, vy + Wyvy + W, v,

h = -(9v, /02) vy + (Ov, /02) v,
+ (Qv, /0x - dv, /0y) v,




Kinetic Helicity Density

CR 1993 13 Aug 2002 - 08 Sep 2002
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Cartoon view of flows
under an active region
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(4) Flare activity and vorticity

Spatial distribution of X-ray flares (GOES)
by flare class C, M, X




Survey of MDI and GONG data

o=~ J105* 10/

flare intensity (W/m?2)

Mason et al.
(20006)

MDI: 159 active regions  GONG: 408 regions




Vorticity and flare intensity
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(5) Vertical Vorticity

with rotation
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Vertical Vorticity

vertical Vorticity (1077 s7") CR 1993
Mean actual depth:
10.2 £ 2.5 Mm
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If w, is so small, why do I care?

Large-scale simulations of convection zone

(Miesch 200%):

A downflow network and intermittent plumes
with cyclonic vorticity in a background of
weaker anti-cyclonic vorticity associated with
diverging upflows.




Survey of MDI and GONG data
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Divergence and vorticity
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Summary

e Fasy-to-calculate descriptors can add value.

e Active regions: upflow - downflow;
dipolar structure and reversal in vorticity:.

e Flares, magnetic flux, and vorticity are related.

e Quiet regions: anti-cyclonic, weak upflows;
intermediate activity: cyclonic downflows.




