
THE IRROTATIONAL FLOW APPROXIMATION  
 

In this lesson, we will:  
 

• Define Irrotational Regions of Flow (also called Potential Flow Regions) and the 
equations of fluid motion that apply to such regions  

• Introduce and define the Velocity Potential Function and how to apply it  
• Discuss Two-Dimensional Irrotational Flow and its simplified equations  
• Revisit the Stream Function and its application in 2-D irrotational regions of flow  
• Show a simplified Bernoulli Equation for 2-D irrotational regions of flow  
• Do an example problem 
 
The Irrotational Flow Approximation and the Velocity Potential Function 
 

 
 
 
  



 
 
 
  



 
 
 
  



Simplification of the Beloved Bernoulli Equation for Irrotational Flow Regions 
 

 
 
 
 
 
 
 
  



Two-Dimensional Irrotational (Potential) Flow  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Summary of equations for 2-D, steady, incompressible, irrotational flow in the x-y plane, 
either Cartesian coordinates (x-y plane) or Cylindrical planar coordinates (r-θ plane): 
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Cylindrical: 
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Example: Irrotational Velocity and Pressure Fields 
Given: A steady, 2-D, incompressible velocity field is given by velocity components, 
 

2        2u x y v x y= + = −  
 

We are ignoring units in this problem (the units of the constants are adjusted such that the 
velocity components have appropriate units). We also ignore gravitational effects. At the 
origin (x,y) = (0,0), P = P0. 
 

To do: Generate expressions for the velocity potential function, the stream function, and the 
pressure field. 
 

Solution:  
 
 
 
 
  



  




