
Average of Boltzmann's equation based on 
Maxwellian distribution function

 from particle to fluid element



The velocity of each particle in a fluid element is divided into average velocity u and 

random velocity w (in fact, density and average velocity can be determend from any 

distribution function; not necessarily assuming Maxwellian distribution function).

u: average velocity
... flow velocity of a fluid element 

w: random velocity
... no specific direction

v

v = u + w

u ≡ v =

v f v dv

f v dv

w = 0

Average velocity



Basic quantity: f x, v, t
Equation for the quantity:

f x1, w, t

Distribution function for 
random velocity is 
given by Maxwellian 
distribution function 
characterized by a 
single scalar quantity, 
temperature.

Basic quantities for fluid dynamics are 
derived by taking the average of mass, 
momentum, kinetic energy 
in velocity space:

velocity distribution at x = x2

velocity distribution at x = x1

Basic quantities: , P, π ik, F k , , 

Equations for the quantities:

average velocity: u

From Boltzmann's equation to fluid dynamics equations (overview)
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f  fMW  closure relation

    

  = 3
2 P

Basic equations for fluid dynamics are derived by 
taking the average of Boltzmann's equation with 
mass, momentum, kinetic energy in velocity space:

    

 = π ik
ui
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