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Page 166, equation (4.87)

It follows from (4.82):

−divq +Q =
n∑

α=1

∂ραuα
∂t

+
n∑

α=1

div(ραuαvα) −
n∑

α=1

trTαDα

+
n−1∑
β=1

kβ.uβ + (1/2)
n−1∑
β=1

rβu
2
β. (1)

The divergence in (4.84) can be expressed (summation convention employed):

div (q/T ) ≡ ∂

∂xi
(qi/T ) = (1/T )

∂qi

∂xi
+ qi

∂

∂xi
(1/T ) = (1/T )

∂qi

∂xi
− (qi/T 2)

∂T

∂xi

≡ (1/T )div q− (1/T 2)q.g. (2)

Substituting (1) into (4.84) multiplied by −T and taking into account (2) we
obtain:

−Tσ ≡ −T
n∑

α=1

∂ραsα
∂t

− T
n∑

α=1

div(ραsαvα) + (1/T )q.g +
n∑

α=1

∂ραuα
∂t

+
n∑

α=1

div(ραuαvα) −
n∑

α=1

trTαDα +
n−1∑
β=1

kβ.uβ + (1/2)
n−1∑
β=1

rβu
2
β. (3)

From definition (4.86) ραfα = ραuα − Tραsα follows, further,

∂(Tραsα)

∂t
= ραsα

∂T

∂t
+ T

∂ραsα
∂t

;

thus following relationship is valid

−T
n∑

α=1

∂ραsα
∂t

=
n∑

α=1

∂ραfα
∂t

−
n∑

α=1

∂ραuα
∂t

+
n∑

α=1

ραsα
∂T

∂t
. (4)

Similarly

div(Tραsαvα) = ραsαvα.g + Tdiv(ραsαvα) = div(ραuαvα) − div(ραfαvα)

and

−T
n∑

α=1

div(ραsαvα) =
n∑

α=1

ραsαvα.g −
n∑

α=1

div(ραuαvα) +
n∑

α=1

div(ραfαvα)

(5)
Further, div(ραfαvα) = ραfαdiv vα + vα.grad(ραfα) and substituting this
relationship, (4), and (5) into (3), eq.(4.87) follows.
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