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Closed Conduit Flow

 Reynolds number, Reynolds experiment – Darcy Weisbach equation

 Minor losses in pipes,

 Pipes in series and pipes in parallel,

 Total energy line, Hydraulic gradient line
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What is viscous fluid flow?

 The viscosity of a fluid is a measure of its resistance to

deformation at a given rate. For liquids, it corresponds to the

informal concept of "thickness": example, syrup has a higher

viscosity than water.

Why laminar flow is called viscous flow?

 Laminar flow is characterized by smooth or in regular paths of

particles of the fluid. Therefore the laminar flow is also referred

to as streamline or viscous flow. The turbulent fluid does not flow

in parallel layers, the lateral mixing is very high, and there is a

disruption between the layers.

(a) Laminar flow occurs in layers without mixing. Viscosity 

causes drag between layers as well as with the fixed surface. 

(b) An obstruction in the vessel produces turbulence. 

Turbulent flow mixes the fluid. There is more interaction, 

greater heating, and more resistance than in laminar flow.
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Smoke rises smoothly

for a while and then

begins to form swirls

and eddies. The

smooth flow is called

laminar flow, whereas

the swirls and eddies

typify turbulent flow.

If you watch the

smoke, you will notice

that it rises more

rapidly when flowing

smoothly than after it

becomes turbulent.

(a) If fluid flow in a tube has negligible resistance, the speed is the same all across 

the tube. (b) When a viscous fluid flows through a tube, its speed at the walls is zero, 

increasing steadily to its maximum at the center of the tube. (c) The shape of the 

Bunsen burner flame is due to the velocity profile across the tube.
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 In fluid flow, friction loss

(or skin friction) is the loss

of pressure or “head” that

occurs in pipe or duct flow

due to the effect of the

fluid's viscosity near the

surface of the pipe or duct.
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MINOR LOSS OF ENERGY IN PIPES

 Energy losses in pipes used for the transportation of fluids (water, petroleum etc.) are essentially

due to friction, as well as to the diverse singularities encountered. These losses are usually converted

into head reductions in the direction of the flow.
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 Head loss due to sudden contraction = head loss upto vena contracta + head loss due to sudden enlargement.

 Due to sudden enlargement turbulent eddies are formed at the corner of the enlargement of the pipe section. The

formation of eddies cause loss of energy in form of heat to the surrounding.

 The sudden contraction in the area / diameter of a fluid jet after it emerges from a circular aperture in a

pressurized reservoir is called as vena contracta. Coefficient of contraction is the ratio of the cross sectional area

of the jet at the vena contracta to the area of the orifice
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 The additional loss of head in flow

through pipe bends is known as bend

loss and is usually expressed as a

fraction of the velocity head as ,

where V is the average velocity of

flow through the pipe.
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Flow through pipe in series •When pipes of different diameters are connected end to end to

form a pipe line, they are said to be in series. The total loss of energy (or head) will be the sum of the

losses in each pipe plus local losses at connections.
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Boundary Layer Theory

 Introduction, Momentum Integral equation,

 Displacement, Momentum and energy thickness

 Introduction to Aerodynamic forces like Drag and Lift.
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Introduction:

 In physics and fluid mechanics, a boundary layer is the layer of fluid in

the immediate vicinity of a bounding surface where the effects of

viscosity are significant.

 BTL, When a real fluid flows over a solid body, the velocity of fluid at

the boundary will be zero. If boundary is stationary. As we move away

from boundary in perpendicular direction velocity increases to the free

stream velocity.
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 Lift is defined as the component of the

aerodynamic force that is perpendicular to

the flow direction, and drag is the

component that is parallel to the flow

direction.
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