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Motivating Example

View Jupyter notebook

http://nbviewer.ipython.org/github/BYUFLOWLab/ME412notebooks/blob/master/Dimensional-Analysis.ipynb


Three basic ways or methods of obtaining living
water from the scriptural reservoir:

1. reading the scriptures from beginning to end
2. studying the scriptures by topic
3. searching the scriptures for connections,

patterns, and themes

– Elder Bednar

Dynamic Similarity



What parameters might you expect the
aerodynamic drag of this airfoil to depend on?
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1 Dynamic Similarity

• Make sure you’ve read the supplementary notes on Dynamic Similarity and reviewed Chapter 7.

• Consider evaluating the total aerodynamic drag acting on the airfoil below What parameters might
you expect this force to depend on? (fluid velocity, fluid density, fluid speed of sound, fluid viscosity,
airfoil angle of attack, airfoil chord length, airfoil thickness, airfoil profile, gravitational constant, etc.)

V1

Figure 1: Airfoil with freestream speed V1.

• We can reduce the number of independent input variables considerably through the principle of dynamic
similarity. What parameters would these be? (Reynolds number, Mach number, Froude number,
nondimensional geometry)

• How would you define the geometry? Needs to be transferrable (a la capstone). Does it need to be
the same exact size? This is geometric similarity. Along with kinematic similarity you have dynamic
similarity. This is the principle behind wind tunnels, similitude, etc.

• Let’s view this more formally from the governing equations. Assume 2D incompressible Navier-Stokes
equation. Look at just the x-momentum portion of that equation set (should look familiar):
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• Let’s nondimensionalize by a characteristic velocity: the freestream velocity V1, and a characteristic
length: the airfoil chord c (this is the length from leading edge to trailing edge). If we divide the whole
equation by V 2

1, multiply through by c, and multiply top and bottom of the last expression by c, we
can come up with this equivalent formula (You might want to work this out for yourself):
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where the normalized quantities are denoted with a star superscript.
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Note that we define p⇤ by a pressure di↵erence by convention. It does not matter in this expression
either way because it is only its gradient that is important in the Navier-Stokes equation, but for
looking at loads it is the di↵erence that is important.
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2D incompressible Navier-Stokes equation
(x-momentum)
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Try to nondimensionalize this equation.
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The solution, in terms of these nondimensional
positions and velocities, will be the same if:

• The nondimensional geometry and boundary
conditions are the same

• The Reynolds number is the same

Cp = f(Re,
geometry

c
)



Some Important Nondimensional
Quantities

Reynolds number

Re =
ρV l

µ



Mach number

Ma =
V

a

Froude number

Fr =
V√
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Strouhal number

St =
ωl

V

Others...
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