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Lecture schedule

8-9 6. Basics of discretization methods
-Principle of discretization method, Truncation error, Round-off and Discretization
errors, Convergence for marching problems, Stability analysis, Von Neumann

analysis

10 - 12 | 7. Application of numerical methods to selected model equations
- Wave and Heat equations, Euler explicit and implicit methods, Second-order

upwind method, Second central different method

13 — 14 | 8. Application of numerical methods to selected model equations (Continue)
- Laplace’s and Burges equations

- Adam-Bashforth and Crank-Nicolson methods

- Solve the matrices with ADI, SOR methods, and etc.

15 - 16 | 9. Numerical techniques to solve fluid flow problems
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Contents

® Principle of discretization method
® Truncation error, Round-off and Discretization errors
® Convergence for marching problems

® Stability analysis and von Neumann analysis
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Descritization of PDEs

Discretization techniques
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Types of Errors and Problems

Types of Errors:
> Modeling Error.
> Discretization Error.
> Convergence Error.
Reasons due to which Errors occur:
> Stability.
> Consistency.

> Conservedness and Boundedness.
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Principle of discretization method

[ Finite difference & Finite volume approaches
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Principle of discretization method
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Simple explicit scheme for heat equation
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Round-Off and Discretization Errors

(] Round-off error
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Consistency

[ Consistency tneatiasny myldyddszanmves FDE

A n1s5lT FDE uwni PDE J0M080AARIGTING DILIIEIUITOLEAS L3107
LANFA1IIZAIY PDE Uas FDE mzlLiﬂugmz"fl,ﬁanﬂ%n‘%muﬁmmﬂ6]

lim__, (PDE — FDE) =lim_ . (T.E.) =0
LT% &NN1Y DuFort-Frankel equation
o°u

(AX)Z = atZ

n,i

u™t -y (Uin+1 eSS +T£1) a 0'u
2At ( AX)2 % 12 ox"

(Atjii@
\ax) 6 at’

(At)z}

T (ﬂj 0
At,AX—0 AX

Chainarong Chaktranond, Thammasat University 11




Comparison between explicit and implicit approaches

Explicit Implicit

Advantages |- Simple to set up and program | - Stability can be maintained

over much larger values of At

Disadvantages | - For a Ax, At must be less -More complicated to set up

than some limit and program
- Large matrix manipulations

- Truncation error is large
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Round-Off and Discretization Errors

Round off error =e=N-=D where A = analytical solution of PDE
D = exact solution of FDE

Discretization error = A-D N = numerical solution from a real

computer with finite accuracy
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Errors and unstable
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Error analysis with Fourier series
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Munaln A Aa wave length
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(highest-order harmonic allowable)
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Example
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Solution VaIFNANTLD 8 LeLTle u(x— Ct) = const

Solution @ia4MFTaNAINGA (Initial data) 11 t = 0

Lax (1954) Lauamimﬁmaﬂugﬂ

n+1 n n n
T U, +U_ CAt U, —U,
| 2 AX 2

mazuLLsﬂmam'}LLamﬁamm?zmaaﬁﬂajjﬁﬁ (Unknown) @ LIaN18% 2NNy

NxaadunadiTasanWwivedszue (Spatial derivative)

Chainarong Chaktranond, Thammasat University 21




Example (@ia)

lasnns e Fourier analysis %38 Von Neumann stability analysis
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Example (@ia)
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