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An image of the Sun's hot outer atmosphere by SAO's Atmospheric Imaging 
Assembly (AIA) instrument on NASA's Solar Dynamics Observatory [1].
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An artist’s rendering of a solar storm. NASA/GSFC [2].



Motivation

Would like to explain:

• High temperature of solar corona

• Acceleration of slow and fast solar 
winds
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Coronal mass injection on the Sun imaged by the LASCO C2 
coronagraph instrument on the ESA-NASA SOHO spacecraft 
[3].

Aim: to have a model that would describe these phenomena and provide data 
that can be further tested by observations.



Introduction

Proposed solution – 1D magnetohydrodynamics simulation based on Alfven 
wave propagation in compressible plasma.

Describes an interaction of Alfven waves that are produced due to the 
convective motions of the photospheric plasma in a strong magnetic field.

Numerical simulation based on the two heating mechanisms [4]:

• Parametric decay instability

• Alfvenic turbulence
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FORTRAN program that solves MHD equations using second-order MUSCL reconstruction and 
the third-order TVD Runge-Kutta method [4].

The initial parameters include

• with/without magnetic diffusion

• with/without heating by Alfvenic turbulence

• stellar mass

• stellar radius

• metallicity

• the expansion factor of a flux tube
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Method for numerical simulation



• Plot the simulation data using the Python script

• Consider different stellar masses: 

• Plotted results are time-averaged values

• Include the mass loss rate

• Results with/without turbulent heating to check its effects

• Consider different correlation lengths as initial parameters
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Method for data analysis
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Check our physical intuition and expectations:

• Density increases with M

• Temperature increases with M for the 
lower and higher corona regions 

• Mass loss rate for the solar case –
consistent with theoretically predicted 
value                                     :

Mass of the 
Sun in grams

Time-averaged 
mass loss rate for 
the solar case in 
M/s

Result analysis



Results for solar mass with and 
without turbulent heating
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Results corresponding to the simulation 
without turbulent heating – behavior like 
lower mass stars:

• Temperature is overall smaller, as expected.
• Density is also smaller comparing to the 

simulation with turbulent heating
• Density changes lead to the change in 

velocity profiles
• Both cases have the same temperature at 

the chromosphere



Results with and without 
turbulent heating
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Similar to the solar mass case but the velocity 
at the transition region have the same 
magnitude with or without turbulent heating.
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Results for solar mass with different 
correlation lengths

Large correlation length has the same 
behavior as the simulation without turbulent 
heating.

Each case produces a chromosphere and a 
corona with sharp transition

Interesting behavior when        is very small: 
• No high speed solar wind!

Can plot the velocity profile on a linear plot to 
explore the behavior…



Result for solar mass
and 1 km value of correlation 

length
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In this case the velocity is negative!
It drops to                           and then returns to 
the rest following parabolic path.

• A star is accreting the matter instead of 
ejecting it away in the form of a wind

• Mass loss rate is negative



1D model: pros and cons

Considered self-consistent model is based on a 1D scenario. This allows to 
decrease computational costs significantly but neglects other possible 
heating contributions, e.g. turbulent cascade into the transverse direction or 
phase mixing [5]. 

Moreover, the shock dissipation tends to be overestimated in the one-
dimensional simulations [5].

Potential future work – identifying the ways of expanding to 3 dimensions 
without exponential increase in the required numerical power. 
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Summary

• Considered model can explain both high temperature of solar corona and 
the production of fast solar wind

• Heating by Alfvenic turbulence is important to sustain high temperature 
corona

• Correlation length is a free parameter that determines the timescale of 
turbulent heat dissipation. Very large value of the correlation length 
corresponds to the large timescale, i.e. no turbulent heating.

• If the correlation length is very small, all the heat dissipates in the lower 
regions and can not accelerate stellar winds in the outer parts.
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Thanks for your 
attention!
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