Chapter 9

Turbulent flow and boundary layer
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Time averaging
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Reynolds stress Convection of momentum

by velocity fluctuations
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Reynolds stress models

Newtonian turbulent
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Turbulent viscosity parameter;
not a fluid property
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Turbulent flow in a pipe

Assume; 1.mean flow is fully u, =u,(r)
developed and steady state o
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2.mixing length is a linear function
of distance from the wall 1 =xs where s=R-r
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Axial component of time-averaged Navier-Stokes equation
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1. Far from the wall; turbulence dominates viscous shear stress
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Time averaged shear stress at wall
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Integrating from s=s,; to s>s,
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2. Near the wall; viscous effect dominates
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Turbulent friction factor
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Semi-empirical, but
works well



Friction factor for pipe flow
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Hagen-Poiseuille

Turbulent % = 4log(Re,/f) - 0.4 f., =0.079 Re %%

Long, smooth pipes and tubes
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Laminar boundary layer

No matter how turbulent the
flow is far from the surface
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u,=0; E =0 within the boundary layer
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Negligible viscous effect outside the
boundary layer
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Boundary conditions
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Blasius’ similarity transformation
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/ U, becomes nearly U

/ along the boundary layer Y =0(X)
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Turbulent drag force = :
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Associated with
transitions in the
character of the
boundary layer along
the spherical surface
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