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From kinetic theory to fluid dynamics, ...

The macroscopic fluid equations are deduced by taking moments of the
Boltzmann Eqg. and low order moments are related with the physical
magnitudes. The moment MX( r,t) is the tensor,
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the phase space of physical quantities. For the functionH | (v, r, 1),




From kinetic theory to fluid dynamics, ...

The macroscopic fluid equations are deduced by taking moments of the
Boltzmann Eqg. and low order moments are related with the physical
magnitudes. The moment MX( r,t) is the tensor,

M 8 ( r’t):$: (v, % #é/)g(v, r,t)dv  where Q(V, I, 1)

k times

IS the distribution function These moments are related with averages in

the phase space of physical quantities. For the functionH | (v, r, 1),
~

+# iy
<H,(v,r,t)>=$ H, (v, r,t) P (v, r, t)dv Two equivalent
1 ~ definitions of
<H, (v,r, t)>= n—$# H, (v, r,t) f, (v, r, t)dv | averages.




From kinetic theory to fluid dynamics, ...

The macroscopic fluid equations are deduced by taking moments of the
Boltzmann Eqg. and low order moments are related with the physical
magnitudes. The moment MX( r,t) is the tensor,

M<k>(r,t):$f:gvﬂ/.z E Loy, 1, v where  g(V, T, 1)

k times

IS the distribution function These moments are related with averages in

the phase space of physical quantities. For the functionH | (v, r, 1),
~

+# iy
<H,(v,r,t)>=$ H, (v, r,t) P (v, r, t)dv Two equivalent
1 ~ definitions of
<H, (v,r, t)>= n—$# H, (v, r,t) f, (v, r, t)dv | averages.

+#
For example, settingH | (v, r,t)=1  n, (r,t)= $# f.(v,r, t)dv




From kinetic theory to fluid dynamics, ...

The macroscopic fluid equations are deduced by taking moments of the
Boltzmann Eqg. and low order moments are related with the physical
magnitudes. The moment MX( r,t) is the tensor,

M<k>(r,t):$f:gvﬂ/.z E Loy, 1, v where  g(V, T, 1)

k times

IS the distribution function These moments are related with averages in

the phase space of physical quantities. For the functionH | (v, r, 1),
~

+# .
<H, (v,r,t)>= $# H,(v,r,t) P(v, 1, 1t)dv Two equivalent
1 ~ definitions of
<H (vr,t)>—=¢ H,(v,r,t) f,(v,r,t)dv | averages.
| n | | )

+#
For example, settingH | (v, r,t)=1  n, (r,t)= $# f.(v,r, t)dv

andwith H, (v, r,)=v dl ,.(r,t):n,,(r,t)u,,(r,t):% vi (v r, t)dv




The second order moments are related with the flux of momentum
(stress tensor)

+#
A, (v =m (vv)  SEH=F m V%V (v, tdv




The second order moments are related with the flux of momentum
(stress tensor)

~ +#
H (v, r,t)=m, (Vv®V) S (r,t)= $# m (v% v)f, (v, r, t)av

The kinetic energy (internal energy),

2 M,V
H_:(V,r,t)=n;" (viv)="1Y E (r.)=9, S h(vr v

2




The second order moments are related with the flux of momentum
(stress tensor)

+#
I~{_, (v, r,1)=m, (v" v) S (r’t): $# m, (V% V) f/ (V’ r, t)dV

The kinetic energy (internal energy),

2 m

+# ,VZ
H_,(V,I’,t):n;' (viv):m-’zv E_,(r,t):$# 5 f, (v, r, t)dv

The flux of kinetic energy (heat transport),

m, v’

v (v, r,t)dv
5 ) VT, ( )

H_,(v,r,t):m—z-’ (viv)v K, (r,t):$§(




The second order moments are related with the flux of momentum
(stress tensor)

+#
H (v, r, t)=m, (VOV) § (r,t)= $# m (V% V)1, (v, r, t)av

The kinetic energy (internal energy),

2 +# m,V2
H_,(v,r,t):n;" (viv):m’zv E =% ——fv.r.nav

2

The flux of kinetic energy (heat transport),
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The velocity distribution function is not determined, and at this
point we only require a bounded function for the particle velocities
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The averages and macroscopic and thermal speeds, ...

The particle velocity is expressed as the sum of a thermal speed w and
the macroscopic fluid velocity w (r, t) as,
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This expression implies the choice of A MODEL for the distribution function !




+#
The stress tensor, & (r,t) = $, m (Vo) f, (v, r,)dv=m n, (r,t)(v%v)

V=U, +W
the components are,
(U + W)U, +w,))




+#
The stress tensor, & (r,t) = $, m (Vo) f, (v, r,)dv=m n, (r,t)(v%v)

V=Uu, +W
the components are,
(s + W)t +w))

3 =m n, (<u/iu!j>+<Win>+u/i<Wj> u.rj<Wi>)

S =m, n, (U_, ) U, )+m! n, <W" W> é-’ = T, "y <W" W>:P-’ +#-'




+#
The stress tensor, & (r,t) = $, m (Vo) f, (v, r,)dv=m n, (r,t)(v%v)

V=Uu, +W
the components are,
(U + W)U, +w,))

3 =m n, (<u/iu!j>+<Win>+u/i<Wj> u.rj<Wi>)

S =m, n, (U_, ) U, )+m! n, <W" W> é-’ =0 <W" W>:P-’ +#-'

0 <WW, > <W,W, >

< W W, > 0 <W,W, >

<WW, > <w,Ww, > 0




+#
The stress tensor, & (r,t) = $, m (Vo) f, (v, r,)dv=m n, (r,t)(v%v)

v=u, +w
the components are,
(U + W)U, +w,))

3 =m n, (<u/iu!j>+<Win>+u!i<Wj> u.rj<Wi>)

3 =m, n, (U_, ) U, )+m! n, <W" W> é-’ = W, 0 <W" W>:P-’ +#-’

0o #0
' %
B =m, n, ) o FL=mon %o <ww, > 0

0
@ <WW, > <w,w, >

Symmetric tensor
(scalar pressure)




+#
The stress tensor, & (r,t) = $, m (Vo) f, (v, r,)dv=m n, (r,t)(v%v)

v V=u_+W

VvV

X

the components are,
o (U +w)u,; +w)))

Sj =m N, (<U/iu.rj>+<Win>+u/i<Wj> U/j<Wi>)

3 =m, n, (U_, ) U, )+m! n, <W" W> é-’ = W, 0 <W" W>:P-’ +#-’

70 <WW,> <ww,> &
| 4 y
. =m. n. op<ww, > 0 <wWW, > (

2

%
&

0
ﬁ <SWW, > <w,w, > 0 E

Symmetric tensor Antisymmetric tensor
(scalar pressure) (stresses)




This defines the scalar pressure,

mn,

m $# w’ f, (v,r,t)dv=
H : 3

p=ZTIB) P =T

B =p (i
p! (r1t) = r]! (r’t) kBT! (r’t)

and the symmetric tensor, {




This defines the scalar pressure,

m,

| mn,
3

W, (vr,tdv =
$ W i (vr.hdv=—"

p=3TI(B)  P(DS
B =p(rt)i
p! (r1t) = r]! (r’t) kBT! (r,t)

NOTE again that this choice implies A MODEL for the distribution function !

and the symmetric tensor, {




This defines the scalar pressure,

m,

. mn,
3

W2, (V1 t)dv =
$, wf, (vrt)yav= 3

p=ZTI®) P>
P/ =P ("’t)i
p! (r1t) = r]! (r’t) kBT! (r!t)

NOTE again that this choice implies A MODEL for the distribution function !

and the symmetric tensor, {

The enerqgy transport is related with |,

K (rt)=]"(

2
maz" WE (v, T, t)dv:%wzw




This defines the scalar pressure,

m,

. mn,
3

W2, (V1 t)dv =
$, wf, (vrt)yav= 3

p=ZTI®) P>
IS! =p, (1) 1
p! (r1t) = r]! (r’t) kBT! (r’t)

NOTE again that this choice implies A MODEL for the distribution function !

and the symmetric tensor, {

The enerqgy transport is related with |,

# M),

K ()=, (

2
Vv m, n,
Wi (v, 1, t)dv=—""<Vv’v>

2

and finally we obtain the vector, K, (r,t)=E u, +q, + G, :u,
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where is the heat flux density,



The continuity equation, ...
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The averages consider an unspecified, bounded distribution function.




The fluid transport equations for a plasma, ...

From the three moments of the Botzmann equation, are deduced
the transport of particles momentum and energy
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Useful fluid equations for space plasmas, ...

I
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