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http://fozzy.wvsc.edu/~naga/boltzmann_distribution.html
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http://mamacass.ucsd.edu/people/pblanco/physics2d/lectures.html
http://csep10.phys.utk.edu/astr162/lect/light/x1planck.html
http://www.phys.virginia.edu/classes/252/black_body_radiation.html
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http://www.physics.sfasu.edu/astro/color.html
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http://www.colorado.edu/physics/2000/quantumzone/index.html
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Plasmas
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Maxwellian Distribution
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Complete Thermodynamic Equilibrium

TMaxweIIian - TBoItzmann - TSaha - TPIanck

Local Thermodynamic Equilibrium
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Example

For an atmospheric pressure hydrogen plasmas
having a temperature of 10,000 K determine the
following:

* number density of atoms, ions and electrons
Maximum number densities of atoms, ions and
electrons that can contribute to excitation of
hydrogen atoms from ground state.

*Density distribution of energy states of hydrogen
atomes

Intensity [J/cm-3] of hydrogen spectral line at
1215.72 A (first excited to ground state, g,=8, Z,,
=2,A,=4.699e8 s-1)
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http://www.eng.buffalo.edu/~etemadi/ee403/Tests/E4.pdf
http://www.eng.buffalo.edu/~etemadi/ee403/Tests/E4.pdf
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Mechanics N
Electricity and Collisional &

Magnetism radiative
Microscopic

Macroscopic

Equilibfium theory Atomic theory
\ Structure

Second Law

Equilibrium

Thermodynamics

Fluid dynamics

Statistical mechanics

Kinetic theory

p,p, T, h,s, ... (Conservation (Partition function) (Boltzmann
n Equations) Equation)
Thermodynamic Transport
Properties Properties
e.g. h=h(p,s) u A D, o

A




Boltzmann Eator et g

between particles of species s
with those of species r

Species distribution function f,(x,v,t) External forces
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Mass of species s

Number of particles n, Velocity
after the collision ImpaCt parameter
0 00 ', . e
C,o =nyn, [ [f,(v) f,(v)) = £,(v,) f.(v, )}, bdbdv,


http://www.ph.ed.ac.uk/~jmb/thesis/node18.html
http://astron.berkeley.edu/~jrg/ay202/node32.html




Maxwellian distribution

Neglecting all external forces in Boltzmann equation gives the
Maxwell distribution function:
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Conservation Ecuatios

General Form

Dependent Specific to a particular
variable Meaning of ®

| / O\

—(pq>)+v (pUD) =V - (TVD) + S

Unsteady Convection Diffusion Source
term term term term



Examples:

General: % (oD)+V- (pl_jCD) =V-(I'VD)+ S
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To utilize the conservation equations in your
application, you need:

-a set of conservation equations that are required to
describes your applications

-Set up your initial condition and boundary conditions

-Provide the required thermodynamic and transport
properties



Transport Broperties
1- DIffUSIVILY page 29)

Movement of gas particles from high density to low
density gas by random walk

Particle Flux Diffusion Coefficient
/
['= ?Vd =-DVn Fick’s Law
\

Density  Drift \elocity

Average Velocity

1 12, 1= e Aon A
- T 3 nox L
Collision Frequency Mean Free Path
For a monolithic gas: D—206x102YMT

/vO-

Cross section for binary hard-sphere collisions



2- Electrical Conductivity
Current Density ___, J — OE [A/mz]
e’n,
meve

Electrical Conductivity = ()~ =

3- Thermal Conductivity
Heat Flux — q — —KVT

Thermal Conductivity — K ~ f Vﬂu Degree of Freedom Heat Ciapacity
1/2 __
25 (ﬂij _Cy

For a monolithic gas: 64 o\ m 3N puagTeross



4- Viscosity

Force resulting from the net d u
transport of momentum from F — 77 — [N/mz]
one region to another d

1 mv
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Coefficient of Viscosity 77 o g .

5- Mobility

Cross section for the binary hard-sphere collision
Mobility
Drift Velocit = — < Electric Field
U, =—pE
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Thermodynamic Properiies

1- Internal Energy
2- Enthalpy
3- Entropy

4- Gibbs Free Energy


http://www.itmo.by/division/rgd/rgd.html
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For molecule made of two identical atoms (rigid rotator):
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For harmonic oscillation
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Total partition function for a system composed of N identical,
Indistinguishable particles:

ZN

Ztotal — W
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Equilibrivm Concept

In a Complete Thermal Equilibrium (CTE) system the following
conditions are met.

1- Radiation emitted by the system follow Black Body Radiation
2-All species have Maxwellian distribution

3- Kinetic equilibrium must exist, ie., T,.=T, (E/P is small, T is
high)

4- Collision process establish excitation and ionization
equilibrium

5- Spatial variations are small

Local Thermodynamic Equilibrium (LTE) means that
conditions 2-5 are met.

Partial Local Thermodynamic Equilibrium (PLTE) means that
one condition is only partially validated (e.g. excitation may
not exactly follow the Boltzmann distribution).



