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Lecture 2.

Definitions of Fluid Variables in the Statistic Thermodynamics

GETRANBETRRBR L EE
- FRER > BEE LS (Field) BYAHXER

Phase space density function
S,y,2,v,v,,v,,0) = f(X,V,0).
The phase space density function is a distribution function of a gas in the phase space, where the

phase space consists of the velocity space and the real space. The dimension of the phase space

density is # / [L? (L/T)%].

We can obtain the fluid variables, such as the mass density, the momentum density, the momentum-
flux density, the energy density, and the energy-flux density, by integrating the phase space density
multiplying the mass, the momentum, the momentum flux, the energy, and the energy flux over

entire velocity space, respectively.

Fluid Fields (Variables)
Number Density Field of the a th species " N,

n,x.0)= [[[ f.x.v.0d

Mass Density Field
px.0) =Y mn, (0= Y [[[ m.f,(x.v.0)d*
Charge Density Field

p.x.0) =Y e, (x.00= Y [[[ e f,(x.v,ndv

%otk AR AT T EhE BT EHEEE

Momentum per unit volume of the o th species

or Mass Flux density (or per unit area velume) of the « th species
mn, x.0V, (x.0)= [[[m,y £,x.v.00d
Total Momentum per unit volume of the system

POV, = Y mn, (x0V, 0= Y [[f m,yv f,xv,0d
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Average Velocity (Bulk Velocity) Field of the o th species

[[Jv f.xv.0d
[[] fux.v.od*

Center of Mass Average Velocity Field ‘B .0 ZEELS
[ mey foxvdy Y mon, (x.0)V, (x.0)

i (i”."mafa(x,v,t)dSv - 21, (X1)

where n,(x,t), V,(x,t) are the number density field and

V, (x,t)=

average velocity field of the « th species, respectively.

imkvk(z‘)
LA V() = S

ka

k=1
The v, (¢) is the velocity of the k th particle. The V() is the

average of the N particles

Thermal Pressure Tensor of the a th species
P x.0)= [[[ m,[v-V,x.DIv-V,(x.0)f,(x.v.0)d

which is also the momentum flux density (or per unit area velume) of
the o th species observed in its average velocity moving frame.

From its definition, the Thermal Pressure Tensor of the o th species
should be a symmetric tensor. For symmetric tensor, the trace of the

tensor (FEFEAYEFA4RA) is invariant after coordinate transformation.

% a FERLT-HY 7T BR

Thermal Pressure of the « th species

Po(X,1) = % [[Jm v =V, =01y =V, x.01 £, (x.v.00d v

or p, = %trace(Pa)

Lo pa%zma(vk—va)-(vk—m
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For ideal gas, the internal energy per unit volume of the o th

species (u, ) is the kinetic energy per unit volume of the o th

species observed in its average-velocity moving frame,
which is also called the thermal energy.
1
u, (%0 = [[[5m, [V =V, &0 v = V,x.01 £, (x.v.0d*
2
Thus, we have

u,(x,t)= %trace[Pa (x,1)]= %pa (x,1)

% o fEfFERA SR " EEEE ) IR
TR R = TEERRE ) + T BEBRRE
Total Momentum Flux density (or per unit area velume) of the o th species

= Dynamic pressure tensor + Thermal pressure tensor

[[[mav £, xv.00d% = mn, (x.0OV, (x.0V, (x.0)+P,(x.1)
=m,n,(x,0V, (x,)V, (x,)+1p, (x.0)+ I (x.1)

Stress Tensor of the o th species (BIEX)

In,=P,—-1p, =P, —1(1/3)trace(P,)

5 o TR E BRI AGIE Y T ARENRE

Kinetic Energy per unit volume of the a th species
= mean flow Kinetic energy per unit volume + thermal

energy (internal energy) per unit volume
(1 ¥ Va0 = 2, ROV, +2 (1)
2 2 2
1 D
=—m,n,(X,H)V.(X,t)+— p, (X,t)
2 2
1
=Ml (X, OV (X,t) +u, (X,t)

Where D is the degrees of the freedom
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5 o MR E R RS Y T B E
Kinetic Energy Flux density (or per unit area velume) of the o th species

mma%v £.x,v.0d

= [%mana (x,t)Vaz(x,t) +(1+ g)pa(x,t)]Va (x,1)

+1IL,(x,1) -V, (X,1)+q,(x,t) MEFRNE
+2

= [%mana(x,t)vaz(x,t)+ b
+IL,(x,t)-V, (x,1)+q,(x,t)

FafB@iTEARRE TR EVRE (—EEE)

Heat Flux density (or per unit area velume) of the o th species

u, (x,0)]V, (x,t)

q.x.0)= [[[ %ma[v —V, (x,0IV =V, (X,01-[v =V, (x,0)lf,(X,v,0)d*V

= o AL T EALRS R T AYEE (—ESE)

Entropy per unit volume of the o th species
3
S, (X,t) = —kBJJJ[lnfa x,v,)]f, (x,v,0)d’v (= EnkB ln(%)+ So)

(if f,(x,v.t) is a normal distribution function)

HE P RF R A E PR T RARHI R TR -
HesHeld fy Volume (BE B as N RASHE ~ JREHE 5 7377)
Number of particles in the given “Volume” is

N,= Hf n, (x,t)d’x (N, =n,Volume)

Volume

Internal Energy of the a th species in the given “Volume” is

3 3
U, = Dd’ U, =~ p,Volume= =N k,T
o Hj u, (X,t)d x ( 2p°‘ olume 5 Neks 0)

o
Volume

HHEETN, REE > U, R2RER S -
Heat Flow of the a th species is the net heat flux entering the

given “Volume”

5 o FRKL T HIERUIUE M ARGTR Volume frHYSRE &

00, = _#S(Vulume)qa (x0)-da=- J:” V- q,(x.0d x

Volume

Entropy of the a th species in the given “Volume” is

S, = [[[ saxna’x (s, = %NakB In[ p, (Volume)**1+S,)

Volume



