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Simulation of Various 

Parameters of Astrophysical 

Winds

By N Sneha

Focusing on Study of Variation in Parameters due to 

Resistivity and Ambipolar Diffusion



Method to study Astrophysical Winds

Get observations from spacecrafts and observatories

Construct a theoretical model and obtain order of magnitude estimate 
of a parameter using above observations of other parameters

Using equations, like conservation equations and boundary conditions like non existence 
of magnetic monopoles, simulate the above problem for increasingly complex situations

Verify whether order of estimates obtained from theoretical formula is valid

Image:  SOHO spacecraft



Astrophysical Winds

According to the Parker Model, supersonic outflow(solar winds) is a natural consequence of coronal 
heating.

It suggests that if the Corona is hot, the solar wind should be fast as well.
We have already seen that ambipolar diffusion leads to significant rise in Coronal temperature. Thus, if 
we include ambipolar diffusion, according the Parker Model, stellar wind speed should increase. 

Let’s see the if this is true.

Increase in degree of ionization → ions are more strongly coupled to the magnetic 
field → ions and neutral atoms are less able to move in opposite directions → 
decrease in the rate of ambipolar diffusion

Ambipolar diffusion
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Aim

Vary parameters of mass and diffusion 

coefficients and see impact on stellar parameters
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Method

When we decrease mass of star, we make the 

following changes in input parameters, as well:

a. Decrease temperature

b. Increase density

c. Decrease radius

d. Increase filing factor

e. Increase specific energy



The Simulation Used Here

The subroutine “evolve” uses a Riemann Solver and the 
Runge Kutta Integration.

Euler equation

In the subroutine resistivity, to calculate the ambipolar diffusion coefficient we use 

A Riemann problem is a specific initial value problem composed of a conservation equation and 
piecewise constant initial data. It has single discontinuity in the domain of interest. 

The Runge–Kutta method is a family of iterative methods. It is used in temporal discretization for the 
approximate solutions of simultaneous nonlinear equations.



The Simulation Used Here

Make the makefile → creates more files to be 
read by fortran → change input parameters → 
testrun → plot the data on python or pgplot
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Observations

1. Mass Loss Rate of a Star - time averaged

2. Effect of Resistivity and Ambipolar Diffusion



Mass loss rate

Mass loss rate = 4πr2v(r)ρ(r)f, f - filling factor

Time averaged mass loss rate is of the order of 10-14, which corresponds to the 
theoretical predictions.

Constancy at higher heights due to lesser variation of density and velocity.



Resistivity and Ambipolar Diffusion

Mass: 0.6 solar mass

Ambipolar diffusion is 
the highest in the 
region of optimal 
density and 
temperature.Variation of temperature for stellar 

parameters for mass = 0.6 Solar 
mass
Average parameters over time: 
100-150 simulation units
Green - with ambipolar diffusion 
Blue - with resistivity
Red - without resistivity or 
ambipolar diffusion

Variation of stellar wind speed for  
stellar parameters for mass = 0.6 
Solar mass
Average parameters over time: 
0-100 simulation units
Green - with ambipolar diffusion 
Blue - with resistivity
Red - without resistivity or 
ambipolar diffusion



Effect of mass on solar parameters

Variation of temperature for stellar parameters for 
mass = 0.8 Solar mass
Green - with ambipolar diffusion 
Blue - with resistivity
Red - without resistivity or ambipolar diffusion



1. Effect of ohmic resistivity on atmospheric parameters of 
stellar masses (= 0.6 to 1 solar mass) is small.

2. Effect of ambipolar diffusion + resistivity on temperature is 
significant. 
a. In the upper regions of a stellar atmosphere, ambipolar 

diffusion can cause an increase in the density of the 
neutral atoms as they move outwards → increase the 
temperature of the gas. 

b. On the other hand, in the lower regions of the 
atmosphere where the density is higher, ambipolar 
diffusion can cause a decrease in the density of the 
neutral atoms as they move outwards, which can lead 
to a decrease in the total density of the gas in these 
regions and decrease the temperature.

Summary



Summary

     Density

     Mass

     Teff

     Electrons are 
able to be 
stripped from 
atoms

      Mean free 
path of ionizing 
photon

     Degree of Ionisation

     Ambipolar Diffusion

In fact, the types of 
elements in the 
atmosphere also 
affects the degree of 
ionisation. Mass of 
the star affects the 
types of elements in 
atmosphere. 



To further investigate

Effect of rotation and ambipolar diffusion together. 

Effect of wave turbulence and ambipolar diffusion together. 

Effect of metallicity and ambipolar diffusion together.



Thank you


