|_x For single species system, f x(») ((Z) d’v=0 when x(v) = m, mv, %mvz (all are conserved)

8 (0 (0)+ 2 (n o) -0 (13 55 )] =0 %

1. Mass conservation

When = m ,then n (m)=p, n(mv,)=pu, n<§§ %;” >=O
k

. dp . 9
* => E+axk(puk)=0

"continuity equation®

2. Momentum conservation

Whenx=mvi,then n(mvi>:pui, n(mvivk>=p<vivk>,n<Fk a(mvi) >=n<ka

m- oy,

x> 2 (pu)+ 5 (o () ~p ht =0

"momentum equation”



About (V,v;)...

k, h... function of (x, t)

(vve) = ((u; + wy)(u + wy))
= <uiuk> + U, <Wk> + U, <Wi> + <wiwk>

T S
x+hpy=t——0——
ffafv

kfxfd‘v h/«pfd*v

= ffafv + ffd}v =k(x) + W)

=uu, + (WWw,) (because (w,) = (w)=0)

| random motion contribution |

\

o (ww,) is decomposed into isotropic part and non-isotropic part:

Op=—0 <Wiwk> =—Po, + T,

| stress tensor | |_gas pressure_| | viscous stress |
I
Lo (o (u2) + () 0 0
Po, = 0 % p (<y >+<w22>+<w> >> 0 T, =
. 0 Lo () + (w2 + (u2)

when random motion is isotropic ((w) = (w3) = (w)),
Ty =T, =75;=0



(P )+ ai(pu U, + PO, — )=p<Fi>

m
flow momentum random motion
transported by | I/momentum transported
average flow by random motion
(macroscale effect) (microscale effect)

P 0,...transports normal component of random motion momentum
— T,... transports tangential component of random motion momentum

3. Energy conservation
2

When X =m v _ 1m Vv, = %m (ui + Wl-) (ui n W) Definition of

) conduction flux
2
Ty = ép<wiwiwk> =é,0<|w| Wk>
then t , .
ransports internal energy via random motion
o {(ww,) =P, —m,

2

@m =5 (it w) (w4 ) = 5 [, m it (w0 + (w9, )]
e wroees

Definition of internal energy density

_1 1 2 _3
F F p€:7p<wiwi>=7p (wl)=5P
=p<n’f"i6ik>=p<n’f"k> s s < > ’




