
EXACT SOLUTIONS OF THE NAVIER-STOKES EQUATION 
 

In this lesson, we will:  
 

• Review the Procedure for solving fluid flow problems using the differential equations of 
fluid flow (continuity and Navier-stokes) 

• Carefully walk though a detailed example problem to illustrate the step-by-step procedure 
 
Review of Procedure for Solving Fluid Flow Problems 
 

Step 1. Identify the flow geometry and flow domain. 
Step 2. List assumptions, approximations, and boundary conditions. 
Step 3. List all appropriate differential equations and unknowns (and simplify). 
Step 4. Solve the equations. 
Step 5. Apply the boundary conditions. 
Step 6. Verify the results. 
Step 7. Calculate other properties of interest. 
 
 
 
Example: Exact solution for Couette flow 
Given: Steady, incompressible, fully developed laminar flow in the x-y plane between two 

infinite parallel plates. The top plate is moving and the bottom one is stationary. 
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To do: Calculate the velocity field. 
 

Solution:  
Step 1. Identify the flow geometry and flow domain. 
 
 
 
Step 2. List assumptions, approximations, and boundary conditions. 
 
Assumptions and approximations: 

1. The flow is steady [∂/∂t of anything = 0]. 
2. The flow is two-dimensional in the x-y plane [∂/∂z of anything = 0, w = 0]. 
3. Gravity effects are negligible or ignored. 
4. The flow is fully developed [∂/∂x of any velocity = 0; velocity does not change with x]. 
5. Pressure is constant everywhere. 

 

 
  



Step 3. List all appropriate differential equations and unknowns (and simplify). 
 
 
 
 
  



Step 4. Solve the equations. 
Step 5. Apply the boundary conditions. 
 
 
 
 
 
  



Step 6. Verify the results. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step 7. Calculate other properties of interest. 
 
The stress tensor: 

 
From Çengel and Cimbala, Ed. 4. 

 
 
 



 
 
 
 
 
 
 


