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Incompressible Isotropic Turbulent Flows
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Abstract

For isotropic turbulence, the two-point velocity correlations are given. The
condition of incompressible flow then gives a relationship between g(r) and f(r)
where 2rg = d(r2f)/dr. Then, we are able to show a special relationship.
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The Problem:

For isotropic turbulence, the two-point velocity correlations are given.

Rij(r) = u%[g[r]:iﬁ + [flr) — g[r]]r}-r‘jfrz]

The condition of incompressible flow then gives a relationship between g(r) and f(r)
such that we get the following:
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Which show these relationships:

Ap = V2,
Ly=2L,4
Proof:

Rij(r) = uilg(r)dy; + [f(r) — g(r)]rir; /17

?T; _0= %[P’} _0
Also,

1{1[}3]%[}3’] _0

But,

v(P') = 2(P) + r,dx;(P') = dr;

So, that (1) becomes the following:

R‘ij = —f(!":l ;q(r] rirj + ﬂ[f‘]lt}_ligj
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L 2(5(0) — 9(r) = 0

UG

L 210 = 29(r)

zaf[f"]' o
o + 2rf(r) = 2rg(r) @

o (PP F(r) + 20f (1) = 2rg(r)

2rf(r) +r a'i;—?] + 2rf(r) = 2rg(r)

]

Where f(r) is an even function such that f(r) = f(-r) which implies the following:

= 2rf(r) = 2rf(r) =2rf(—r) = =2r f(r)

= —2rf(r) + rza.(g_g""j' +2rf(r) = 2rgir)
=220 0 a0y argr)

or Or (3)
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As r approaches 0, becomes small:

2 2
rs 0= fr)=1——+..g()=1—— + ..
| oo g

And, also the following:

rf

= —2/A
E:}.i"'z il':{:l .l'l f

Substitute into equation (3) above, we get the following:

2 42 EEE
= A =200 = Ap = /2

Now, defining the turbulent integral scales:

O

o
L= flr)dr, Ly = / glr)dr
Jo Jo

From (3) and integration by parts, we show the following:

Ly .
:f»?ng:»szlLﬁ..
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