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Computational Fluid Mechanics
Part1: Numerical Methods

Obijective:

Numerical methods for fluids mechanics and their
accuracy

1. Introduction

2. Numerical methods for fluid mechanics (1) ~ Basic equations

3. Numerical methods for fluid mechanics (2) ~Discretizing schemes

4. Numerical methods for fluid mechanics (3) ~Coupling algorism

5. Numerical methods for fluid mechanics (4) ~Additional problems

6. Reliability of numerical simulation
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Computational Fluid Mechanics

Part1: Numerical Methods (3a)

3. Numerical methods for fluid mechanics (2) ~Discretizing schemes
e Fundamentals for discretizing methods
e Schemes for convection and diffusion equation
e Analysis of accuracy and instability



Fundamentals for discretizing methods
Generalized conservation eq.
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Fundamentals for discretizing methods

Finite Different Method

Differential eq. Polynomial eq.




Taylor series expansion

Taylor series expansion
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2nd order central scheme
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Fundamentals for discretizing methods

Numerical integration
(for Finite Element Method / Time marching scheme)

Differential eq. Integral eq.
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Trapezoidal scheme
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Exercise
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Fundamentals for discretizing methods

Finite Volume Method

Flux type differential eq Integral eq.
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Finite Volume Method
for generalized conservation eq.

Differential form
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Exercise

Estimation of accuracy for Finite Volume Method
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Computational Fluid Mechanics

Part1: Numerical Methods (3b)

3. Numerical methods for fluid mechanics (2) ~Discretizing schemes
e Fundamentals for discretizing methods
e Schemes for convection and diffusion equation
e Analysis of accuracy and instability



Schemes for convection and diffusion equation
Finite Deference Method
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Schemes for convection and diffusion equation
Finite Deference Method (continued)
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Schemes for convection and diffusion equation
Finite Volume (control volume) Method
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Schemes for convection and diffusion equation
Finite Volume (control volume) Method
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Exercise Analyze the accuracy of FVM schemes by following way
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Time marching schemes

ou _ foo = 1" (explicit scheme)
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Time marching schemes
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Computational Fluid Mechanics

Part1: Numerical Methods (3c)

3. Numerical methods for fluid mechanics (2) ~Discretizing schemes
e Fundamentals for discretizing methods
e Schemes for convection and diffusion equation
e Analysis of accuracy and instability



Numerical accuracy
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Numerical accuracy

« Comparison between 1t Upwind and 2" central schemes
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Numerical accuracy

* Fourier expansion
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Numerical instability
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Numerical instability

« von Neuman’s condition
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Exercise

Neumann’s condition of diffusion step
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