v

total energy equation (7 )_ %, _

F, v, =0 for Lorentz force

F, oo . .
i 7, for gravitational force, Coulomb force

0 B O Py . | Fy
5 (2 u +p€)+8xk([2|u|+p£+l)]uk J'l?,-kl/l,-+.7k)—p< vk>

\
enthalpy

internal energy density
flow energy density

rate of work done
by external force

I

conduction flux (internal energy

viscous flux transported by random motion)

total energy flux (energy
transported by average flow)

Internal energy equation is derived by subtracting flow energy equation from the total energy equation:

momentum equation ¢ « : (inner product)
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X U; o— :
m ’ | contlnmty equation |
Jap
(F)=q{(»)x B=quxB = (F,)u,=0 for Lorentz force
‘ flow energy equatlon ‘ (F,) u,= F, u, for gravitational force, Coulomb force

< subtract 9 p‘u‘z N 9 p‘u‘ L <F> oP qTT,,
ar | 2 ax, | 2 . Cox i ax,
rate of work done :
by external force "ate of work done rstevgc\gorskfg?:ee
internal energy equation bérngeﬁﬁgfgge yviseon
Oou, 0=
;Q(pg)_ki(pguk):_P k k+\If\11 8u,-
ot dx, Ox, Ox, “ox,
[d U —pdV 00 ... 1stlaw of thermodynamics J




Fluid dynamics equations for single species system:

op | 9
E + C) / (p Ll/\v) = O
0 9 _ (F)
é)t(p ”’)+8x,\(p wu+P o, —my) =p-r _
... 9 equations

9 0 ( ) B ou, d.7,
0 + u = -P — W
0t (p 8) 0X,; P& Uy dx, dx,

pE E%/’)<H', \1',)2%/’) <\ W\Z>Z%P \1/7[’,[:;1\?’

Number of quantities: p,u;, P, , (symmetric tensor, 5 unknowns), .-,

30 (=2 (wi)+(wl) + (w1)) = p (wows) = p wows)
Ty = = p (wawy) 3D -20D) ) -eewd |13 quantities
—p(ww)) - p (wswy)

g ?(<w3> +(wd) -2 (wl))

Additional constraints are needed => closure relation



Closure relation

f = fuw



So far we have not yet assumed any specific distribution function.

1 (-2 (i) i)+ <Wf>) - {wow,) - {wowy)
T Y ST 1 ({7 BT P ) I
b (o) ot Lpll) o) -2(u)) ol fdy
(o) ==F—
085%0<Wiwi>=%p<|w|z>=%P vde

p (1wl w.)

N —

. 1 O\ —
Ti=5P < W, W, W /\> =

To derive the closure relation, we assume a specific distribution function, which is
Maxwellian distribution function f,y (x, w(T'(x, 1)), 7).

fle,w,t) = fi (2, w(T(x,1)),1)



