Solar Convection:
What 1ti1s &
How to Calculate it.

Bob Stein



The Sun 1s Dynamic,
Convection 1s the Driver

=>» Transports Energy

=>» Transports Angular Momentum

=>» Generates Magnetic Fields by Dynamo
=> Excites Acoustic and Magnetic Waves
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Observed as Doppler Shift
at the solar surface
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Models & Observations

SIMULATION
Disagree =» Agree =
HMPIOVE Calculate Observables Investigate
physics causes

OBSERVATIONS



Comparison
Simulations vs. Observations

* Images

* Intensity distribution

e Spectrum

* Line profiles

* Magnetic Field distribution
« Resonant Oscillations
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Intensity Histogram
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P-Mode Excitation
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Triangles = simulation, Squares = observations (1=0-3)
Excitation decreases both at low and high frequencies



Causes:
convection



Convection
1s Driven by
Radiative
Cooling at
Surface:

Fluid Radiates
away 1ts Energy
& Entropy >
Denser ->
pulled down by
Gravity




Stratified convective flow:

diverging upflows, turbulent downtlows
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TOPOLOGY OF CONVECTION




Downftlows:
cell size
Increases

with depth




Vorticity: Downdrafts are Turbulent




Turbulent
downdraft
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Causes:
Oscillations
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Simulation
Modes

Acoustic Mode Ridge




Oscillations Excited by
Turbulent Pressure & Entropy Fluctuations

Entropy Fluctuations



Peak Excitation ~ 5 minutes
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Turbulent Pressure >
Entropy Fluctuations
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Oscillations Excited close to Surface
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Causes:
Magnetic Field



Magnetic Field Reorganization



Exponential Distribution




Exponential Distribution




Exponential Distribution




Exponential Distribution
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Methodology



Equations:

Conservation of Mass

Induction - _VXE:VX(;XE—U.})



Variables

Staggered
In Space
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Spatial Derivatives:
6th order Finite Difference
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Time Advance:
3rd order Runge-Kutta
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Computational Domain
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Characteristic Boundary Conditions

Unique Conservative Equations




Characteristic Equations




Characteristic Boundary Conditions

Boundary Conditions on OUTGOING characteristics 1s the
Characteristic Equations evaluated using one-sided derivatives

For INCOMING characteristics the normal derivatives
in the characteristic directions must be evaluated using
the physics boundary conditions.




For (non-magnetic) Gas




The End



	Solar Convection: What  it is &How to Calculate it.
	The Sun is Dynamic,Convection is the Driver
	The Solar Surface
	The Solar Surface
	The Solar Surface
	Observed as Doppler Shiftat the solar surface
	Magnetic Field
	TheSuninX-Rays
	TheSolarWind
	Models & Observations
	ComparisonSimulations vs. Observations
	Emergent Intensity
	Intensity Histogram
	Line Profiles
	Field Distribution
	P-Mode Excitation
	Causes:convection
	Convection is Driven by Radiative Cooling at Surface:Fluid Radiates away its Energy & Entropy ->Denser -> pulled down by
	Stratified convective flow:diverging upflows, turbulent downflows
	Downflows:cell size increases with depth
	Vorticity: Downdrafts are Turbulent
	Turbulent downdraft
	Never See Hot Gas
	Causes:Oscillations
	SimulationModes
	Oscillations Excited by Turbulent Pressure & Entropy Fluctuations
	Peak Excitation ~ 5 minutes
	Turbulent Pressure >Entropy Fluctuations
	Oscillations Excited close to Surface
	Causes:Magnetic Field
	Magnetic Field Reorganization
	Exponential Distribution
	Exponential Distribution
	Exponential Distribution
	Exponential Distribution
	Magnetic Field Lines
	Methodology
	Equations:
	Spatial Derivatives:6th order Finite Difference
	Time Advance:3rd order Runge-Kutta
	Characteristic Boundary Conditions
	Characteristic Equations
	Characteristic Boundary Conditions
	For (non-magnetic) Gas
	The End

