viscous flow



pressure flow ; flow inside a conduit

drag flow ; external flow, flow around a body
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ow flow around a solid sphere

& (r,0,9) The flow is laminar and symmetric about z-axis
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BCs U,=u0 =0 onthesurface r=R
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The stress acting on the surface of the sphere

Force due to the normal stress in the direction of motion
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Figure 4-1. Drag coefficient as a function of Reynolds number for
flow past a sphere. Reproduced from H. Schlichting, Boundary Layer
Theory, 6th ed., McGraw-Hill Book Company, New York, 1968, by
permission.



boundary layer

; the effects of fluid friction at high Reynolds numbers are limited to a thin

layer near the boundary of a body
; no significant pressure change across the boundary layer ->the only

unknowns are the velocity components
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Laminar boundary layer

No matter how turbulent the
flow is far from the surface
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Boundary conditions
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Blasius solution; applies only to the laminar boundary layer over a flat surface

von Karman momentum integral analysis
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von Karman momentum integral expression
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turbulent flow



The fluctuations in velocity components of turbulent flow
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turbulent flow
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laminar turbulent
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Time averaqging
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YA

mixing length theory

Sy

velocity fluctuation is hypothesized as being due to the y-directional
motion of a lump of fluid through a distance L
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turbulent flow in smooth tubes
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flow In closed conduits



dimensional analysis

variables
; viscosity, density, pipe diameter, length, roughness, velocity, pressure drop

Buckingham pi theorem
; # of independent dimensionless groups = 7-3 = 4
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friction factor in laminar flow
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friction factor in turbulent flow
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Fanning fraction factor, f;
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head loss
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combined pump and system performance
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