
ACTIVE LEARNING EXERCISE – Non-dimensionalization 
 
Remember the velocity (momentum) boundary layer equation (conservation of 

_______________ applied at ____ ________ _________ within the boundary layer)? 

 
 

2

2

y
u

y
uv

x
uu

∂
∂=

∂
∂+

∂
∂ ν  

 
 
 
 
 
 
Now if we have buoyancy as well, we have to add a buoyancy term: 
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Non-dimensionalization gives us a way to weigh the relative importance of different phys-
ical phenomena. One way to arrive at these dimensionless groups is to use the Buckingham 
Pi Theorem to derive the dimensionless groups, or pi terms, directly. Another way is to 
define dimensionless versions of the variables which show up in the working equations, 
and then to substitute those variables into the equations. For example, a dimensionless ver-
sion of the x-direction velocity, u is given by: 
 

u* = u/U∞ 

 
Wherever the variable u shows up in the boundary layer equation, then, we would substi-
tute u*U∞ instead.  
 
Let us continue with this idea by defining dimensionless versions of the rest of the variables 
and substituting… 
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