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Introduction

https://en.wikipedia.org/wiki/Heliospheric_current_sheet#/media/File:Heliospheric-current-sheet.gifhttps://science.howstuffworks.com/dictionary/astronomy-terms/solar-wind-info.htm

Solar wind
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Introduction

Contours of C(r, u)
Parker E. N., 1965
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Basic equations:

The model

- evolution equation for the mean vector potential

 
- evolution equation for mean velocity 

- evolution equation for logarithmic mean density 

- mean current density

- strain tensor of the mean flow

- quenching function for alpha effect

- radial profile function
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The model
3 distinct layers:

Boundary conditions:
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The model

Wind solution as initial condition

Bernoulli equation:

Mass loss rate:
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The model
Wind solution as initial condition

https://www.nordita.org/~brandenb/teach/PencilCode/MixedTopics.html

Jörn Warnecke and
Dhrubaditya Mitra, 2012

https://www.nordita.org/~brandenb/teach/PencilCode/MixedTopics.html
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The model
Effective solar wind potential

1D Bernoulli equation:

Effective gravitational potential:

https://en.wikipedia.org/wiki/Siphon#/media/File:Lappo.svg

-the effective potential experienced 
 by the siphon flow in the isothermal    
 Parker wind
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The model

Sun parameters:
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Results

Dynamo numbers:
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Results
● Mass loss

Local mass loss density:

Cumulative mass:

The mass above the surface is 
about 10, so 99.9% of the total
mass in the computational 
domain is contained in the stellar 
envelope in r

in
 ≤ r ≤ R
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Results
Oscillatory model at solar rotation rate
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Results
Magnetic field geometry

We overplot the 
surfaces where U

r
 is 

transonic (solid white 
lines), i.e., where U

r
 

exceeds the Alfvén 
speed 
v

A
 = (B2 /μ

0
 ρ)1/2.

We also shows the 
surfaces where U

r
 is 

transmagnetosonic, 
i.e., where U

r
 

exceeds the fast 
magnetosonic speed 
c

ms
 (dash white line), 

which obeys 
c

ms
2 = c

s
2 + v

 A
2..
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Results
Magnetic field geometry

-periodicity 
 with the period 
 P

cyc
= 41
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Results
Magnetic field geometry
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Results
Poynting flux

Mean electric field:

Magnetic energy loss:

-latitudinal dependence
 energy loss
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Results
Poynting flux

Kinetic energy loss: 

Magnetic energy loss:

-kinetic energy loss
 is more dominant 
 at the large radii
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Results
Poynting flux

-kinetic and
 magnetic
 energy losses
 are equal 
 at Alfvén
 point
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Results
Angular momentum flux

Angular momentum loss:

-sign changes 
 in latitude 
 and time  



21

Results
Rapid rotation

For rapid rotation, the 
magnetic field lines and 
contours of the toroidal 
magnetic field are much 
more concentrated to
the bottom of the dynamo 
region, r ≈ r

in
 . 

At faster rotation,
the contours become more 
cylindrical. This is an effect 
of the Taylor–Proudman 
theorem and results 
generally in small 
variations along the 
rotation axis.



22

Results
Rapid rotation
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Results
Rapid rotation

The magnetic activity 
is confined 
to a narrow cone 
with an opening 
angle of about 15° .
Noticeable magnetic 
energy losses are 
found only near the
rotation axis.
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Results
Rapid rotation

Ė
M
(r) has a maximum 

somewhere in R < r < r∗, 
which is where the Alfvén 
point lies. Model B has a 
much smaller magnetic
energy loss at large radii 
than Model A
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Conclusions
● simplified realization of a dynamo with a stellar wind

● the assumption of an isothermal equation of state has 
simplified matters conceptionally

● relatively large turbulent magnetic diffusivity and viscosity -
mainly needed to resolve shocks that develop within the 
wind

Future work:

● inclusion of a Λ effect (Rüdiger,1980, 1989), which would 
allow for the development of differential rotation in the 
stellar envelope and might allow us to model the stellar 
dynamo more realistically, allow us to study dynamos in 
the αΩ regime
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Thank you for your 
attention.
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