
Dimensional analysis

Fluid mechanics is still partly an experimental science



• Expensive 
• Impractical (i.e., vary ρ - keep µ constant) 
• Difficult to analyse (combine curves)



Best alternative: dimensional analysis

• Only two variables instead of five 
• Easier to work with (vary V only, while keeping D, ρ, µ constant) 
• Dimensionless groups -> no unit dependance



Buckingham π-theorem
“If an equation involving k variables is dimensionally 

homogeneous, it can be reduced to a relationship among k – r 
independent dimensionless products (π-terms), where r is the 

minimum number of reference dimensions required to describe 

the variables”

Reference dimensions: Usually some or all of  F (force), L (length) and T (time) 
                                                                     or  M (mass), L (length) and T (time) 

or combinations of the basic dimensions (i.e., MT2, L or FL, T) 

Note: We cannot use both F and M, because the two are not independent of 
each other. Force is related to mass through Newton’s 2nd law: 

F = M•a



Determination of pi-terms

1. List all variables that are involved in the problem 
– Geometry 
– Fluid properties (density, viscosity, etc.) 
– External effects (velocity, pressure, gravity, etc.) 
– Include variable even if their value is constant (i.e., g) 
– Variables must be independent of each other (i.e., not all of ρ, g amd γ because γ = ρ g ) 

2. Express each variable in terms of basic dimensions 
3. Determine the required number of pi-terms 
4. Select a number of repeating variables, where the number required is equal to 

the number of reference dimensions 
5. Form a pi-term by multiplying one of the nonrepeating variables by the product 

of the repeating variables, each raised to an exponent that will make the 
combination dimensionless 

6. Repeat Step 5 for each of the remaining nonrepeating variables 
7. Check all the resulting pi-terms to make sure they are dimensionless 
8. Express the final form as a relationship among the pi-terms and think what it 

means



Example: pipe flow

Step 1

Step 2

Step 3

Geometry: D 
Fluid properties: µ, ρ 
External effects: V



Step 4

Step 5

Step 6



Step 7

Step 8



Example: drag on a sphere

Step 1

Step 2

Step 3

Geometry: d 
Fluid properties: µ, ρ 
External effects: V



Step 4

Step 5

Step 6



Step 7

Step 8



The effect of Reynolds number on the drag coefficient, CD for a smooth sphere 
with CD = D/ ½ ApV2, where A is the projected area of sphere, πd2/4



Example: drag on a sphere in viscous fluid (Stoke’s law)

Step 1

Step 2

Step 3

Geometry: d 
Fluid properties: µ 
External effects: V



Step 4

Step 5

Step 6 Not applicable



Step 7

Step 8



4x



Example: flow in an inclined open channel

Put the above relation for channel 
flow Q in non-dimensional form. 

Can you tell how Q depends on g, 
A and ε?







The graphical presentation of data for problems involving two pi terms, with an 
illustration of the potential danger of extrapolation of data.

Problems with 2 π-terms

Π1 =Φ(Π2)



The graphical presentation of data for problems involving three pi terms.

Problems with 3 π-terms

Π1 =Φ(Π2 ,Π3)



Example: pressure drop across a constriction 







Modeling

An 1:197 scale model of the 
Guri Dam in Venezuela 



Theory of models

For a certain physical phenomenon and for the prototype:

Π1 =Φ Π2 ,Π3 ,...,Πn( )
For the same physical phenomenon and for the model:

Π1m =Φ Π2m ,Π3m ,...,Πnm( )
If Φ is the same and 

Π2 =Π2m

Π3 =Π3m
...

Πn =Πnm

Design conditions 
or 
Similarity requirements

then Π1 =Π1m Prediction equation



Example: drag on a thin plate

D= f w ,h,b,µ ,ρ ,V( )

Pi-theorem:

Design conditions:
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Example: pressure drop across a valve









Example: flow in an open channel (gravitational effects)








