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B | REofns Lk T 2RUOARAEZ I 12— 25 AVTHCETEREHNE (CFD: Computational Fluid Dynamics) o & /32
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% | Computational Fluid Dynamics (CFD) concerns computer simulation of fluid flows. In this class, the basic theory of CFD is
lectured. The lecturer has experience in research and development of production apparatus using simulations at a chemistry
enterprise. Using the experience, the lecture of CFD is given.

FEDEEBIZE Learning Objectives

H | MEOFNzER T 2BHMOARRZ I 21— 2BV TR GIERFAZOERB S BERET 5

Z | The goal is to understand the basic concepts of computational fluid dynamics using computers to solve partial differential
equations describing fluid flows.
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B

DERE DEHEEZE / Fulfillment of Course Goals (JABEE BEERIB D &)

REEHEEE Course Plan

No. IEH Topics AZ Content
1 H | AHERAENF OERER CFD O E BB S & CEEHRE,

= | The basic  concept  of | The basic concept of computational fluid dynamics and its historic development.

computational fluid dynamics
2 H | REAZARAEZTOERT | 747 —. FET - X b= ZARAOREFELERR, ARADOE R D7D DERTIL,
ERREFENY bILER REXOYEER, MERAZ ML EYaLTHOEFE,

Z | A hydrodynamics equation | Conservation law form of the Euler and the Navier-Stokes' equation. Normalization
and its normalization and | for generalization of the equations. Physical meanings of conservation equations. Flux
conservation law form vectors and eigenvalue of the Jacobian matrices.

3 B | oA ostsuaeL EFAARAZAVEBULOBE, WHAERE,
% | Discretization for differential | The concept of the discretization using model equations. Initial value problem.
equations
4 B | EREDE RHDEOEMEL, FTEED. BEED. FOLED,
% | Finite difference method Finite difference approximation for partial differentiation terms. Forward, centered
and backward difference.
B B | BBREDE ER(AL)ESD & MBIRILOGE, KEFE - EEBOMR, BN F—LLRBIHRF
—Ly F=<RT7NLTY XL,
% | Implicit Method Implicit Method
6 B | @6t ZEERCIGREORE | BEEARRER E Mo AR OBER, BEM - ZEMW - INRMEOBER,

Z | The concept of consistency, | The relation between discretized equation and differential equation. The concept of

stability and convergence. consistency, stability and convergence.
7 B | @5 RFEMH - INRECRE | BEOER. 7 v 7 ADOEEEE,

% | Consistency, stability, | Definition of the accuracy. Lax equivalence theorem.

convergence and accuracy
8 B | 74>/ A VREMBNL T * v /AR ERNT R,

= | Von Neumann stability | Von Neumann linear stability analysis method
analysis(1)

9 B | 74>/ A< REMREHT2 TAV ARV REBTOIAE, 7 —7 & CF L&,

% | Von Neumann stability | The application of Von Neumann linear stability analysis. Courant number and
analysis(2) Courant-Friedrichs-Lewy Condition.

10 | B | BYRABRKICHT 2HER | —REMMEEABRET T 7 - 2oy vk, ZRTMzEAREA & ADIEAM,
=

Z | Numerical method for | One dimensional heat equation and Crank-Nicolson method. Two dimensional heat
parabolic equation equation and introduction to Alternating Direction Implicit(ADI) method.

11 H | ADLERUVEHEMRFOEE | ADIFEOER L F L — 298k, BHEMRFHE %L Beam-Warming %,
Z | ADI method and IAF method A basis of ADI method and the operator splitting method. Implicit Approximate
Factorization(IAF) method and Beam-Warming scheme.
12 | B | B AFEX IS T 2 HER | KBARIXOBRER L Z0WBHNEE, ERESELE CFL &RV Z OYEBNER, #
= LlinHER,

% | Numerical method for | Exact solution for wave equation and its physical properties. Upstream differencing
hyperbolic equation method, CFL condition and its physical meaning.

13 | B | EEERERNDEAFABRAICH T | REXF— L EEHERBE, Lax ik, Lax-Wendriff 5, MacCormack ik, K2 S,
3 BB &

% | Numerical method for | Conservative schemes and shock capturing. The Lax scheme. The Lax-Wendroff
compressible fluid dynamics | method. MacCormack method. Time-splitting method
equation

14 | B | ARGEE XEABRLDEN TR, —KEEI R/ 7%,
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Finite volume method

Integral form for governing equation. First-order accurate Godunov's scheme

15
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Summary and exercise

Summary of this lecture and exercise

>E* ‘

B | #%. BIEEAES K OH AR OERMBNLE, F/-. RENFOERMBZIIRICHEET %, AHERICTLTIE. 6
SKMDEZPLR— MNEEMECHEZ IR C2EF0ECFEBRIVETH S,

Z | This lecture requires a basic knowledge of mathematics, in particular, linear algebra and differential equations. Furthermore,
itis lectured based on a basic knowledge of fluid dynamics. In this course, self-learning time of 68 hours is necessary.

H | #L/8F&IC>0 Tk, BE. BROPTENT %, KEICLLTTY » M
= | A specified textbook is not used in the course. Handouts are distributed as needed.

BEHOEBD LBNTRMILYFTEL, ZNoDE5 1002w 6 0 AU EEZEKES 2,

Performance is evaluated for a total of 100 points (exercises or quizzes), and the credit is given at more than 60 points.

28 - HFEZDBR)(@IxHGT 2RETHY . EREFHAOTRTH B,

This course corresponds to the learning and educational goals, B(3)(a), and is a subject of achievement evaluation.
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