
Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

Chapter 10 

The Finite Volume Method for 
Convection-Diffusion Problems 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

Outline 
• 10-1 Introduction 
• 10-2 FVM for 1D Steady Convection-Diffusion 

 Problems  
• 10-3 Central Differencing Scheme 
• 10-4 Properties of Discretization Schemes  
• 10-5 Upwind Differencing Scheme  
• 10-6 Exponential Scheme  
• 10-7 Second-order Upwind Scheme 
• 10-8 Hybrid Differencing Scheme  
• 10-9 Power-Law Scheme  
• 10-10 QUICK Scheme 
• 10-11 Discretization for 2D, 3D  
• 10-12 Summary of Numerical Schemes 
• 10-13 Handling the Source Term 

 
 
 
 
 
 
 
 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-1 Introduction 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-2 FVM for 1D Steady Convection-Diffusion 
 Problems (1) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-2 FVM for 1D Steady Convection-Diffusion 
 Problems (2) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-2 FVM for 1D Steady Convection-Diffusion 
 Problems (3) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-3 Central Differencing Scheme (1) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-3 Central Differencing Scheme (2) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-3 Central Differencing Scheme (3) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-4 Properties of Discretization Schemes (1) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-4 Properties of Discretization Schemes (2) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-4 Properties of Discretization Schemes (3) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-4 Properties of Discretization Schemes (4) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-4 Properties of Discretization Schemes (5) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-4 Properties of Discretization Schemes (6) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-4 Properties of Discretization Schemes (7) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-4 Properties of Discretization Schemes (8) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-4 Properties of Discretization Schemes (9) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-4 Properties of Discretization Schemes (10) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-4 Properties of Discretization Schemes (11) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-4 Properties of Discretization Schemes (12) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-4 Properties of Discretization Schemes (13) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-4 Properties of Discretization Schemes (14) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-4 Properties of Discretization Schemes (15) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-4 Properties of Discretization Schemes (16) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-5 Upwind Differencing Scheme (1) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-5 Upwind Differencing Scheme (2) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-5 Upwind Differencing Scheme (3) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-5 Upwind Differencing Scheme (4) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-6 Exponential Scheme (1) 



Computer-Aided Analysis on Energy and  Thermofluid Sciences 
Y.C. Shih   Fall 2014 

Chapter 10 FVM for Convection-Diffusion  
Problems 

10-6 Exponential Scheme (2) 

фL 

ф0 

0 L 

ф 

P>>1 

P=1 
P=0 

P= -1 

-P>>1 

The nature of the exact solution: 
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