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a) The Reynolds equation (Eq.(4.12)) is

D̄〈Uj〉
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= ν∇2〈Uj〉 −
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∂xi

− 1

ρ
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∂xj

, (1)

and the Navier-Stokes equation is

DUj
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= −1

ρ
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∂xi
+ ν

∂2Ui
∂xjxj

. (2)

By subtracting the Reynolds equation from the Navier-Stokes equation,
we get that the fluctuating velocity u(x, t) evolves by
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i.e.,
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So from Eq. 4, we get
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b) For homogeneous turbulence with ∇.U = 0,〈
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and 〈
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〉
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= 0, (7)

and

ν〈uj∇2uj〉 = ν
∂2〈1

2
ujuj〉

∂xi∂xi
− ν

〈
∂uj
∂xi

∂uj
∂xi

〉
= −ε. (8)

Multiplying Eq. 5 by uj and taking the mean, we obtain

〈
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Substituting Eqs. 6, 7 and 8 into Eq. 9, we get that the kinetic energy
evolves by

dk

dt
= P − ε, (10)

where

P ≡ −〈uiuj〉
∂〈Uj〉
∂xi

. (11)

[Note that this implies that a necessary condition for homogeneous
turbulence is that the mean velocity gradients be uniform.]
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