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AE 341  Ch. 5 DIMENSIONAL ANALYSIS AND SIMILARITY
5.1/5.2 Introduction



■ Dimensionless Group Parameters

Example:  Measurement of drag force on a sphere

[image: image1.wmf](

)

m

r

,

,

,

V

D

f

F

=








[image: image34.jpg]



…
The number of parameters: 5





…
Buckingham-PI Theorem
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or 
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The number of parameters: 2
In summary, PI-groups are defined as 
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, then 
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■ Similarity

Similarity condition is met if 
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 for each and every PI-groups.
For the above example, similarity conditions are
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5.3 The PI Theorem 
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Step 1 List ALL (n) variables involved:
Step 2 List the dimensions of each variable according to M, L, T, 
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 as shown in Table 5.1.

Step 3 Make a guess of j being equal to (or less than) the number of dimensions present.

Step 4 Select j repeating parameters:

Step 5 Set up (n-j) Dimensionless PI-groups (
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) using the repeating parameters from Step 4.
Step 6 Establish the functional similarity relationship
Example 5.3:  Power to a centrifugal pump P = f (Q, D, (, (, ()
5.4 Significant Dimensionless Groups in Fluid Mechanics (Table 5.2)
Reynolds Number: 
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Cavitation Number:

[image: image13.wmf]2

2

1

V

p

p

Ca

v

r

-

=


…

[image: image14.wmf]energy

Kinetic

al

differenti

essure

Pr

º


Froude Number:
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Weber Number:
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Mach Number:
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Strouhl Number
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(Vortex Shedding

[Originally experimented by Vince Strouhl, 1878]
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( Further Example Uses of Dimensionless Groups
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5.5 Modeling by Similarity

For dimensionless function between variables:


[image: image26.wmf](

)

k

f

Õ

Õ

Õ

=

Õ

,...,

,

3

2

1


When a prototype is dynamically and kinematically simulated by using a (up-scaled or down –scaled) model, All PI-groups must be set identical between them, i.e.,
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  and then, 
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In addition, the model and the prototype must be geometrically similar. 
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Potential  errors/uncertainties  of modeling by similarity 
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HOMEWORK SET #5
Due: 12:19 p.m. on October 21, 2008
E-o-C Problems:
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