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Momentum transport equation  
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• This equation of motion states the time evolution of momentum for each fluid 
element  is due to self-consistent electromagnetic forces, pressure, shear and 
collisional interaction, as well as the creation/recombination of particles. 
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• The friction force between species accounts for the 
collisional interaction between electrons, ions and neutrals.

 
  

 

 
 

  



Charge-exchange

https://www.astronauticsnow.com/ENA/index.html

Source of fast atoms and slow ions

https://www.astronauticsnow.com/ENA/index.html


Electron models: isothermal (Boltzmann)

ne0 is the density at φ0

What are the consequences of this model?

● Electrons at constant temperature → Instant thermalization → infinite number of 
collisions

● Not cooling down when density reduces (plasma expansion)

● Electrons instantaneously response to changes in electric field



Electron models: polytropic

ne0 and Te0 are the density 
and temperature at φ0

What are the consequences of this model?

● New unknown in the system 1 < γe < 5/3 

● Limits between isothermal and adiabatic descriptions

● Electrons instantaneously response to changes in electric field

These models can also be applied to ions



Application: Solar wind models

An artist’s concept shows Parker Solar Probe approaching 
the Sun. NASA/Johns Hopkins APL/Steve Gribben

Phys. Plasmas 29, 122901 (2022); doi: 10.1063/5.0124703

Protons and electrons in the solar wind can be described as 
polytropic fluid species.

Current observations by the Parker Solar Probe (PSP) (and 
previous missions like Helios) allow to compare models and 
measurements of the solar win for distances < 1 au.
● Minimum distance of 9.86 solar radii (6.9e6 km)
● Maximum speed of 191 km s-1 (6.37e-4 c).

Fastests human-made object!

https://doi.org/10.1063/5.0124703
https://science.nasa.gov/mission/parker-solar-probe/parker-solar-probe-instruments/


Application: Plasma expansion and wakes

● Isothermal and polytropic fluid electrons are used in plasma expansion models.

● This allows to save computational time.

● BUT: Is the assumption of electrons behaving as a fluid correct? Isohthermal or polytropic? 
Which polytropic exponent?

● Well, we fully don’t know, but it seems it is not correct.

Hu, Y., & Wang, J. (2015). Electron properties in collisionless 
mesothermal plasma expansion: fully kinetic simulations. IEE
E Transactions on Plasma Science, 43(9), 2832-2838.

Phys. Plasmas 26, 103502 (2019); doi: 10.1063/1.5111791

Hu, Y., & Wang, J. (2019). Assessment of electron thermodynamic and flui
d approximations for collisionless plasma expansion into a wake. Physics 
of Plasmas, 26(2).

https://ieeexplore.ieee.org/document/7124522
https://ieeexplore.ieee.org/document/7124522
https://ieeexplore.ieee.org/document/7124522
https://doi.org/10.1063/1.5111791
https://doi.org/10.1063/1.5065395
https://doi.org/10.1063/1.5065395
https://doi.org/10.1063/1.5065395
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