


CONTENTS

Preface
Basic Thoughts and Equations

Philosophy of Computational Fluid Dynamics
1.1 Computstional Fluid Dynamics Wiy
Computationsl Fluid Dynamecs as a Hesearch Tool
Computational Fluid Dyoamecs as a Design Tool
The Impact of Computational Flukd Dynamcs—Some Other
Examples
4] Autoenohile and Engine Applications
1.42 Indusirial Maonufsctunng Applications
1.43 Civil Engincering Applications
| 4.4 Environmental Engineering Applications
1.45 MNaval Architecture Applications (Submarme Exampic)
|5 Computationnl Fluid Dyvnomics: What s It
|.& The Purpose of This Book

The Governing Equations of Fluid Dynamics:
Their Derivation, a Discussion of Their
Physical Meaning, and a Presentation of Forms
Particularly Suitable o CFD
| Imtrodsction
4 Models of the Flow
221 Finite Control Volume
222 Infinitesimal Fhuid Element
223 Some Comments
23 The Substantinl Denvative (Time Rate of Change Following
i Miowing Flusd Elemmem
T4 The I':Ii'n.prg.-:m:.: of the Vel Tis Physscol Neanimg
24} A L omrmeend




CLINTINTE

The Contpwty Equabon
Moddel of the Finkle Contral Volume Fixed in Space
Model of the Fimile Control Yolume Moving with the
Flaid
Model of an Inftnitesimally Small Element Fixed
in Space
Model of sn Infimitesimally Small Flusd Element
Moving with the Flow

5 All the Equations Are One: Some Manpulatons

6 Integral versus Differential Form of the Equalions
An lmportam Comment

The Momentum Equation

The Energy Equatson :

Summary of the Governing Equations for Fluid Dynamics:

With Comments

281 Egustons for Viscous Flow (the Mavier—Siokes

Eguutions)

282 Eguotions for Inviscid Flow (the Ealer Equutions)

283 Comments on the Governing Equations

Physical Boundary Condalinis

Forms of the Goveming Equations Pumiculurly Suited for

CFI: Comments on the Conservation Form, Shock Fitting.

mnd Shock Capturing

Summary

Probderms

Mathematical Behavior of Partial Differential
Equations: The Impact on CFD
31 Introduction
1.2 Classification of Quasi-Linear Partial Differential Equations
3.3 A Geneml Method of Desermining the Classificatson of
Partial Differential Equations: The Eigemmlue Method
1.4 (eneral Behawior of the Differenmi Classes of Partial
Differestial Equations: Impact on Physical and
Computational Fluid Dymsamics
141 Hyperbolic Equations
142 Pambobe Egustsons
343 Elliptic Equations
144 Some Comments: The Supersonic Blunt Body
Problem Revisiced
1.5 Well-Posed Problems
16  Surmmary
Froblerms

5.
i

Basics of the Numerics

Basic Aspects ol Discretization

d.]l  [roduction
4.3 Introdustion o Finie Differences




cowcreas

Diafference Equations 142
Explicit and Implicit Approaches: Definitions and Contrasts 145
Emors and an Analvsis of Stabahity 153
4.5.1 Siability Analysis: A Broader Perspective LS
Summnry 165

GLUIDEPOST | 6
Problems

&

rids with Approprinte Transformations
-1  Ipmodsction

2 General Transformotion of the Equations

2  Metacs amd JacobuEns

A Form of the Governing BEquations Particularly Sauried
for CFD Revizied: The Trensfomed Versson

A Comrrsend

Streiched (Compressed) Cinids

Boundary-Frted Coordinaie Systems; Elliptsc Gioud
(renerntion

LTEEPCST

5.8  Adnaptive Crricds

59 Sopome Modern Developments in Cind Gienermiion

510 Some Modern Developmients in Foule-Volume Mesh
Generation: Unstructured Meshes and 2 Retum o Cartesian
Mecshes

311 Sammary
Problems

Lh LA LA LA

LA LA LA
J A

6 Some Simple CFD Technigues: A Beginning
Bl Imtraduction
6.2 The Lax-Wendroff Techmique
6.3 BMlacComacks Techmiques

GLUIDEMOST

6.4 Spme Commens: Viscous Flows, Comservation Form,

and Space Marching

4.1 Viscous Flows

6.4.2 Conservotion Form

.43 Space Marching

The Belaxation Technique and lis Lise with Low-Speed

Inviscid Flow

Aspects of Numerical Dissipation and Dispersion; Artificaal

Viscosicy

The Allermating-Dhrection-Implicit (ADI) Technigque

The Pressure Correction Technigue: Application

1w Incompreasible Viscous Flow

6l 1l Some Comments on the Incompressible
Mavier—Siokes Equanions

I-"-

[T MR
J1J bl [l
Ln

5




10,3.3 The Finite-Difference Equotions
1034 Calculation of Step Stees in Space and Thise
1035  Initil and Boundary Conditions
0.4  Organization of Your Navier-Swokes Code
04,1 Cherview
1042 The Mam Progmm
1043 The MacCormack Subroutine
1044 Fional Remarks
105 Final Numencnl Resules: The Sieady  Stsde-S5olutson
106 Summary

Other Topics

Some Advanced Topics in Modern CFD:
A Discussion
111 Introduction
11.2 The Conservation Form of the Goveming Flow Eguatsons
Revisitesl: The Jacohsans of the Syslem
11.21 Specinlirstion 0 One-Dhmensional Flow
11,22 Inbenm Sommary
Addinonal Conssderatsons for lmphei Methods
11,31 Limesrzton of the Eguutions; The Beam and
Warmmg Method
11.3.2  The Mulbdimenswmal Problem: Approxmmate
Faclomization
11.53.3 Blogk Tndiagonal RMatnoes
11.34 Interim Summary
Lipwmc Schemves
11.4.1  Flux-Vector Spliiting
1142 The Godunoy Approach
i143 Gepeml Commen
Second-Order Lpwind Schemes
High-Resolution Schemes: TVD and Flux Limsers
Some Resuls
Multigrd Metlvod
Summary
Privhiems

Future of CFD

The Imporinnce of CFI) Revisttied

Compuder Graphics in CFD

The Fuiure of CFD). Enhancing the Dessggn Process
The Fuiure of CFD; Enhancing Undemstandimng
Concluskon

—

I T,
g " [} m

—

Bl PR RS R PRl




Appendix A Thomas' Algorithm for the
Solution of a Tridiagonal Svstem of Equations

Relerences

Index




