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4.7 — Turbulent Flow — Reynolds Stress
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Momentum Equation:
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We write u; = u; + u; and we apply () then:
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From continuity:
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Reynolds averaged N-S equation:

Reynolds stress:



4.8 — Turbulent Boundary Layer over a Smooth Flat Plate.
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(1/7)"" power velocity profile law:

where 0 = §(z) to be determined. From equation (2):
x* __ 0
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0 =:L6220.0972 6

1
pTU‘fQ = 0.0227 (UT"‘S)_‘l «— using another empirical formula for friction

(Blasius’ law of friction) for pipes

Von Karman’s moment equation:
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For 6(0) = 0 and assuming turbulent boundary layer at x = 0, i.e., tripped at z =0 or R, >> 1,
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Then,
4 (x) ~ y/z laminar
d(x) ~ 25 turbulent (grows much faster)
Laminar Turbulent
1
Blasius 0 ~ 172,/ 0% ~ 0.047 (U%) P (%) th power law

D = 0.036 (pU?) BL R;

D 21
Cy = = 0.073R, P for Ry > 5 x 10°

 SpU?BL
Logarithmic Velocity Profile Law.
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Summary of Boundary Layer over a Flat Plate.

Laminar (Blasius’) Turbulent (1/7 power law)
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For 7,, the cross-over is at R, ~ 3.4 x 102, i.e.,

(To)laminar > (To)turbulent for R, < 3.4 x 103

(Tolaminar ~ (To)turbulent for R ~ 3.4 X 10°

(To)laminar < (TO)turbu]ent for R, > 3.4 x 105

Therefore, for most prototype scales:

(Cf )turbulent > <Cf >laminar

(7o) turbulent > (To)laminar



