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Question:

Water pours weakly from an open hose but 
sprays hard when you cover most of the 
end with your thumb. When in more water 
coming out of the hose?

1. When the hose end is uncovered.

2. When your thumb covers most of the end.

Limits to Flow

• Fluid’s energy is fixed.
– Speed limited by kinetic energy.

– Kinetic energy limited by pressure.

Limits to Flow

• Fluid’s energy is fixed.
– Speed limited by kinetic energy.

– Kinetic energy limited by pressure.

• Fluid has viscosity.
– Fluid at walls is stationary.

– Remaining fluid experiences viscous forces.

Viscous Forces

• Oppose relative motion within a fluid.

Viscous Forces

• Oppose relative motion within a fluid.

• Similar to sliding friction – waste energy.

Viscous Forces

• Oppose relative motion within a fluid.

• Similar to sliding friction – waste energy.

• Fluids are characterized by their viscosities.
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Flow in Pipes
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Flow in Pipes

• Increases as 1/viscosity.

• Increases as 1/pipe length.

• Increases as pressure difference.

• Increases as (pipe diameter)4.

• Poiseuille’s law:
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Flow in Plumbing

• Flowing fluids lose energy to viscous drag.
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Flow in Plumbing

• Flowing fluids lose energy to viscous drag.

• Faster flow leads to more viscous losses.

Flow in Plumbing

• Flowing fluids lose energy to viscous drag.

• Faster flow leads to more viscous losses.

• Faster flow causes quicker drop in pressure.

Question:

Water pours weakly from an open hose but 
sprays hard when you cover most of the 
end with your thumb. When in more water 
coming out of the hose?

1. When the hose end is uncovered.

2. When your thumb covers most of the end.

Types of Flow

• Laminar Flow
– Nearby regions of fluid remain nearby.

– Viscosity dominates flow.

Types of Flow

• Laminar Flow
– Nearby regions of fluid remain nearby.

– Viscosity dominates flow.

• Turbulent Flow
– Nearby regions of fluid become separated.

– Inertia dominates flow.

Reynolds Number

• Reynolds number controls type of flow.
Vi i
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Reynolds Number

• Reynolds number controls type of flow.

• Below about 2300 : Laminar flow.
– Viscosity dominates.
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Reynolds Number

• Reynolds number controls type of flow.

• Below about 2300 : Laminar flow.
– Viscosity dominates.

• Above about 2300 : Turbulent flow.
– Inertia dominates.

Viscosity
speed Flow length  Obstacle Density 
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Fluids and Momentum

• Fluids carry momentum.
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Fluids and Momentum

• Fluids carry momentum.

• Momentum is transferred by impulses.
– Product of Pressure imbalance times Time.

• Moving fluids can be hard to stop.


