SIMILARITY, MODELS AND PROTOTYPES

In this lesson, we will:

Discuss the purposes of dimensional analysis
Define similarity and how to apply it between models and prototypes
Do an example problem

The Purposes of Dimensional Analvsis
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Example: Similarity Between Model and Prototype
Given: Engineers need to predict the vibration frequency of electrical cables subjected to
wind. [This is the prototype.] Here are the prototype values:
.. o ~ B

o A1_r13a_t25C_ 3} y }OP = LM \‘73

e Wire diameter = 0.851 cm =0y, £ ks

e Wind speed = 5.32 m/s -:VP /u\f’ 3190 Mg
A young engineer studied dimensional analysis in fluids class and figures out that for this
flow situation,

St (Strouhal number) = function of Re (Reynolds number)

The engineers set up a model test in a water tunnel using a cable. They set it up with the same
aspect ratio and end conditions as the prototype. Here are the model values:
e Water is at 20°C fm = 39%.0 Y0
e Wire diameter = 0.394 cm = “m Mm = 1001 X N'J ks
g
To do:
(a) Calculate the water tunnel speed required to achieve dynamic similarity.

(b) When the water tunnel is run at the speed calculated in Part (a), the vibration frequency
of the model cable is 38.1 Hz. Predict the vibration frequency of the prototype cable in Hz.
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Testing in Different Fluids

As long as there is dynamic similarity between model and prototype, the fluid used for the
test does not matter.
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Submarine Tested in a Wind Tunnel. Image from NASA Langley.




