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Solution to Exercise 12.58
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The evolution equation for the one-point, one-time Eulerian joint PDF of
velocity U(x, t) and composition ¢(x,t), f(V,¢;z, 1), is
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Substituting the generalized Langevin model (see Eq. (12.26)) and the IEM
model (Eq. (12.353)) for the two unclosed terms on the right-hand side of
Eq. 1, we get
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a): Multiplying Eq. 2 by V; and integrating over all the composition space
and velocity space, we get
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From Eq. 3, we get
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Form Eq. 6, we get
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: Multiplying Eq. 2 with 13 and integrating over all the composition

space and velocity space, we get
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From Eq. 9, we get
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From Eq. 12, we get
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: Multiplying Eq. 2 by Vj1¢s and integrating over all the composition
space and velocity space, we get

of (p) Of
Oz; Oz; OV,

+ [ Vi FSu@)aVay = = [ Vvl [1Ga(ti ~ (U))] dVa

9% f
oV,0V,

/ ijﬂg—{dde/)+ / VisViel dVdep — / Vivs dVdyp

) R
F3C0s [ Vit dVas + [ Vit s [3Csp (t — (60) fldVas. (15)

From Eq. 15, we get
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: Multiplying Eq. 8 with (¢gz), we get
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Adding Eq. 20 to Eq. 19, we get
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From Eq. 18, we get
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Subtracting Eq. 21 from Eq. 23, we get
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