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Lecture 2.

Definitions of Fluid Variables in the

Statistic Thermodynamics
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Phase space density function
S (x,3,2,v,,v,,v,,0) = f(X,V,1).
I'he phase space density function is a distribution function of a

zas 1n 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)’].
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We can obtain the fluid variables, such as the mass density, the
nomentum density, the momentum-flux density, the energy
lensity, and the energy-flux density, by integrating the phase
space  density multiplying the mass, the momentum, the
nomentum flux, the energy, and the energy flux over entire

velocity space, respectively.
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Fluid Fields (Variables)

Number Density Field of the ¢ th species N,
n,=

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

Mass Density Field

p(X,1) = Emana (X,1) = z fff m_f. (x,v,t)dv

Charge Density Field

p.x.0)=Yen,x.0)=> [[[e,f,x.v.0)d’v
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Momentum per unit volume of the ¢ th species

or Mass Flux density (or per unit area velume) of the ¢ th

species

n, (x.OV,(x.0)= [[[m,v f,(x.v.0)d

Total Momentum per unit volume of the system

pxX.HV(X,1) =Y mn, X0V, X0 =Y [[[ my f,(x,v,0)dV
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Average Velocity (Bulk Velocity) Field of the ¢ th species

J”Vfa(x,v,t)d3v
[[] f.x.v.0)a

Center of Mass Average Velocity Field ‘&, R E 5

V, (x,t)=

2_[” m,v f, (x,v,0)d’v z m_n_(X,t)V_(X,t)
V(x,t) = -

ZJ” my, £, (X,v,0)d’v a Y m,n, (x,t)

where n_(x,t), V_(x,t) are the number density field and
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average velocity field of the ¢ th species, respectively.

ZN:mkvk(t)
CLHEITEH V() =+

ka

k=1

The v (¢) 18 the velocity of the & th particle. The V(r) 1s the

average of the N particles



[hermodynamics [AP-2013] Lecture 2 by Ling-Hsiao Lyu 2015 p. 2- 8

Thermal Pressure Tensor of the ¢ th

P.(x.0)= [[[ m,[v-V,xnDIV-V,(x,

species

OVf, (x,v,t)d’v

which 1s also the momentum flux density of the ¢ th species

observed in its average velocity moving frame.

From 1ts definition, the Thermal Pres

species should be a symmetric tensor

the trace of the tensor (FE[FHFYEFE

sure Tensor of the ¢ th
. For symmetric tensor,

Z3A0) is invariant after

coordinate transformation.
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Thermal Pressure of the ¢ th species

P, (X,1) = % [[[ mo v =V, (x.00-[v=V,x.01 £, (x.v.0)dv

1
or p, = 3 trace(P,)

. x r o 1 al
Bl ALt E pa=§2ma(Vk—Va)'(Vk—Va)
k=1
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For 1deal gas, the internal energy per unit volume of the ¢ th

species (u,, ) 1s the Kinetic energy per unit volume of the ¢ th

species observed in its average-velocity moving frame,

which 1s also called the thermal energy.

u, (x.)= | ”%ma[v—Va(x,t)]-[v—Va(x,t)] £, (x,v,0)d’v

Thus, we have

u,(X,t)= %trace[Pa (X,1)] = gpa (X,1)
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Total Momentum Flux density of the ¢ th species

= Dynamic pressure tensor + Thermal pressure tensor
[[[ mavv £, (x.v.0d%y = mn, (x.)V, (x.)V,, (x.0) + P, (x.1)
=m,n,(X,t)V,(x,0)V, (x,1)+1p_ (x,t)+1II (x,?)
Stress Tensor of the ¢ th species ( BJJEX )
II =P -1p, =P, —1(1/3)trace(P,)
(F—H) % o TEEAGRTRY | 4EEIEE




[hermodynamics [AP-2013] Lecture 2 by Ling-Hsiao Lyu 2015 p.2- 12

Kinetic Energy per unit volume of the ¢ th species
= mean flow Kinetic energy per unit volume + thermal
energy (internal energy) per unit volume

[[[m,— f (x,V, t)d3v—%m (x,t)vj(x,t)% .. (X,1)

1 D
— _mana (Xat)Vocz (th) + Epoc (X’t)

n (X,0)V:(x,t)+u, (x,t)

Where D 1s the degrees of the freedom
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Kinetic Energy Flux density of the ¢ th species

”Jm —Vf (x,v,0)d’v

—[2m n, (X, t)V (x,1)+(1+ )pa(x IV, (x,1)

+I1 (x,¢)-V, (X,)+q, (X,t)

1 D+?2
=[—m.n (X,H)V>(X,)+
[2 Mo (X, DV (X,1) 5

+I1 (x,¢)-V, (X,1)+q,(X,t)

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

AT

R
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Heat Flux density of the ¢ th species

q.x.0=[[[ %ma[v—wx,r)][v—Va<x,t>]-[v—Va<x,r>]fa<x,v,t>d3v

°F a TR T BN AR TP RYHEE (— =)

Entropy per unit volume of the ¢ th species

U-Ul

s,(x.0) ==k, [[[In £, (x.v.0)], (xvt)d3v(—

)

5/3
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(if £ (x,v,t) 1s a normal distribution function)
Fa RIS SR A AR — (B E A B as TUREC VR TR -
agfuin v Volume (e Bas NRAGH L ~ IS =) 700)

Number of particles in the given “Volume™ 1s

N, = J” n,(x,t)d’x (N, =n,Volume)

Volume

Internal Energy of the ¢ th species in the given “Volume™ 1s

3 3
U, = Hd’ U, ==p Volume=—N k,T
. ”jua(x) X , 2pa0ume 5 Jk:T,)

Volume
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Heat Flow of the ¢ th species 1s the net heat flux entering the

given “Volume”

5 o TR AR E T ARGHR Volume HHHYMEEV =

00, = _ﬁSS(Volume)qa (x,1)-da=- J” V-q,(x,)d x

Volume

Entropy of the ¢ th species in the given “Volume™ 1s

1'I'l

3
S = HJ s (x,t)d’x (S, = ENakB In[ p,(Volume) 1+ S,)

Volume
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