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The Space Environment  
Hydrodynamic description of plasmas. Energy transport 

equations 
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Energy transport equation  
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Other terms: Absorption and emission of radiation

Collision processes emit radiation: recombination, excitation, de-
excitation...

These compose the radiation spectra from plasmas, and also 
stars.

This is seen as an energy sink in the transport equation.

Fatemeh Rezaei et al 2014 J. Phys. D: Appl. Phys. 47 
085401

The plasma and neutrals can also absorb radiation, either 
from external sources or from other regions of the plasma (re-
absorption)

This is seen as a source of energy.

It can generate collision processes: photoexcitation, 
photoionization, photodissociation... Fluorescence reaction - some photon energy is lost as hea

t through molecular vibrations

https://iopscience.iop.org/article/10.1088/0022-3727/47/8/085401
https://iopscience.iop.org/article/10.1088/0022-3727/47/8/085401
https://weakinteractions.wordpress.com/primers/energy-levels/
https://weakinteractions.wordpress.com/primers/energy-levels/


Plasma chemistry
Account for many collisional processes with accurate 
energy gain and losses.

Main goal is to find the distribution of excited and ionized 
states in a plasma.

Common too in laboratory plasmas: Plasma Reactor

Useful in models for the ionsphere.

Plasma Enhanced Chemical Vapor Deposition (PECVD) r
eactor at the Technical University of Eindhoven

https://research.tue.nl/en/equipments/plasma-enhanced-chemical-vapor-deposition-pecvd-reactors
https://research.tue.nl/en/equipments/plasma-enhanced-chemical-vapor-deposition-pecvd-reactors


 

Cold plasma model 

Warm plasma model 

 

 

 

 

 

 

 

Isothermal approximation:

 

Adiabatic approximation:

Additional assumptions allow  to close 
the system of fluid equations:  



Laser-produced plasma

Giulietti, D., & Gizzi, L. A. (1998). X-ray emission from laser-produced plasmas. La Rivist
a del Nuovo Cimento (1978-1999), 21(10), 1-93.

Basic idea: Illuminate a target material (solid 
or liquid) with a high-intensity laser.

The medium absorbs the energy, changing its 
internal energy and ionizing (out of 
thermodynamic equilibrium).

Generates high-density and high-temperature 
plasma.

Not common in the space environment (yet), 
but recently useful to recreate astrophysical 
plasmas that contribute to the space 
environment.

https://link.springer.com/article/10.1007/BF02874624
https://link.springer.com/article/10.1007/BF02874624


Spectroscopy

We can employ the radiation from a plasma to estimate its characteristics.

Each process emits radiation in a certain wavelength, related to the energy

However, complex process as it requires detail analysis dealing with optic 
systems, quantum effects, Doppler effect, required knowledge of transition 
processes, cross sections...

Balika, L., Focsa, C., Gurlui, S., Pellerin, S., Pellerin, N., Pagnon, D., 
& Dudeck, M. (2012). Laser-induced breakdown spectroscopy in a ru
nning Hall Effect Thruster for space propulsion. Spectrochimica Acta 
Part B: Atomic Spectroscopy, 74, 184-189.

https://doi.org/10.1016/j.sab.2012.06.030
https://doi.org/10.1016/j.sab.2012.06.030
https://doi.org/10.1016/j.sab.2012.06.030
https://doi.org/10.1016/j.sab.2012.06.030
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