
Meaning
Turbulent flow ≡ a fluid flow that is dominated by eddying and random motion

The figure below1 contrasts turbulent flow with laminar flow for flow in a pipe. Notice the eddying motion of turbu-
lent flow.

Rationale
We have to understand turbulent flow in order to classify the flow as:

laminar
turbulent, or
transitional 

Classifying the flow is for selecting proper equations and models. 

Examples
Example 1. This flow of smoke is turbulent. The flow is billowing, swirling, and mixing.
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1 Downloaded on 9/21/10 from http://www.ceb.cam.ac.uk/pages/hydrodynamic-voltammetry.html. 
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Example 2. The flow in this channel2 is turbulent. This image is from computer simulation done by Melissa Green at 
the Department of Mechanical and Aerospace Engineering at Princeton. The top image is looking down the channel 
and the bottom image is looking from the side of the channel.

Attributes
resence of eddies and billowing
very effective mixing of contaminants into the bulk fluid flow
velocity at a given location will always vary with time (turbulent flow is always unsteady)
turbulent flow is always three-dimensional.
higher values of shear stress (as compared to laminar flow)
occurs at higher values of Reynolds number (as compared to laminar flow)

Connections
Laminar flow is related to Reynolds number (laminar flow occurs at low Reynolds number)

in a pipe, laminar flow occurs for Reynolds number below 2000
in a boundary layer, laminar flow occurs for Reynolds number less than 1/2 million
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Laminar flow influences the nature of the velocity profile in a pipe
Laminar flow: parabolic velocity profile
Turbulent flow: “plug like” velocity profile
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