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The course information as follows may be subject to change, either during the session because of unforeseen
circumstances, or following review of the course at the end of the session. Queries about the course should be

directed to the course instructor.

1. BFRLZFK Course Title AR 15502 5 5] Mathematical Intro to Fluid Mechanics
R AR .

2. S Mathematics
Originating Department
WS

3. MA328
Course Code

4. %4 Credit Value 3

5. BRI Lk &R Major Elective Courses
Course Type
BREH

6. %2 Spring
Semester
BRES e . .

7. HZEXE  English & Chinese
Teaching Language
BEBID. FRFR. KRBT | skdi, Hovm, BIgdt
X CRBNER, W s 5 417

8 e RBOM) zhangz(@sustc.edu.cn

) Instructor(s), Affiliation& | Zhang Zhen, Mathematics, Associate Professor
Contact Room 417, Block 3, Wisdom Valley
(For team teaching, please list | ;1angz@sustc.edu.cn
all instructors)
ERRIBE. FRER. BAR

9. AR T NA
Tutor/TA(s), Contact
HRABRHB(FTAE)

10. Maximum Enrolment

(Optional)

1. #RGA R B RS |ERSES HEEREER) ISE i)
Delivery Method Lectures |Tutorials Lab/Practical Other (Please specify) Total
T 48 48
Credit Hours
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12. Pre-requisites or Other
Academic Requirements

gy b 10 Bk BeE o Hrks Ut
Mathematical Analysis III or Real Analysis

JREERRE. HEFIHR o . . _ .
13. Courses for which this course| 1T 54 /1%% Computational Fluid Dynamics
is a pre-requisite

1q NEERBEARERER
" Cross-listing Dept.

FEEARP KB H G SYLLABUS
15.  #Z H#F Course Objectives

PR 725 7 R AR S B e FL A I

Teach basic principles in Fluid Mechanics and their mathematical properties

16. Pk 2 Bk Learning Outcomes

42 Navier-Stokes J5 R AN 7 FEIFEA KR, b EAVEUE _ER3E— DT 78 58 5 B M) B

Master the fundamentals of Navier-Stokes equations and hyperbolic equations, provide mathematical and physical senses for the
future analytical and numerical study

17.  RENAFERHZEEHRA (MERESUIOONE, WRENANMATURTOG WEEEEREREE, #¥EHHIENR
EHN

Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)
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F#ar BIE
Part I: The Equations of Motion
Hw BRI SFIEMHE, Reynolds &g B, IS, ARG ATALTHE, Bernoulli EEE (8 %)

Chapter 1: Euler’s Equations: conservation laws, Reynolds transport theorem, introduction to thermodynamics, Euler equations for
incompressible and isentropic flows, Bernoulli’s theorem (8 hours)

B REAR: WEIRERIR, Kelvin Bl EH, Helmholtz B, JMRAE-HEE S H (6 )

Chapter 2: Rotation and Vorticity: vorticity representation of flow fields, Kelvin’s circulation theorem, Helmholtz’s theorem,
streamfunction-vorticity formulation (6 hours)

% =TE: Navier-Stokes 5 #%: M JJKH&, Cauthy w3, Fif, Navier-Stokes 58, W%, TLEM M, Reynolds £, i
VAR, Helmoholtz-Hodge 43f#, Stokes 77H2, BEEFERL, RE&TTFE, AHiE, Mach # (6 20)

Chapter 3: Navier-Stokes Equations: stress tensor, Cauthy’s theorem, viscosity, Navier-Stokes equations, boundary conditions, non-
dimensionalization, Reynolds number, lubrication model, Helmoholtz-Hodge decomposition theorem, Stokes equations, energy
dissipation, equation of state, sound speed, Mach number (6 hours)

B A BRI
Part II: Potential Flow and Slightly Viscous Flow

HIE. FHR: LR, MBKEHERR, Blasius 3, Kutta-Joukowski EH, d’Alembert’s FJ&, HHEE, L TFE
W, Green KE (6 W)

Chapter 4: Potential flow: irrotational flow, complex velocity and field, Blasius’ theorem, Kutta-Joukowski theorem, d’Alembert’s
paradox, potential vortex, almost potential flow, Green’s function (6 hours)

BhE: JARE: WiiHEEIT, Prandtl 52 7R, Navier-Stokes /7 FEUTME, A FLENE (5 20

Chapter 5: Boundary Layers: asymptotic expansions, Prandtl boundary layer equations, approximations to Navier-Stokes equations,
boundary layer separation (5 hours)

FEINHE: JRIZE: Tchebysheff AR, KEueH:, FORIReHE, BEVFERRITRE, BEHEERRRE, SikkH—%
PERICEIME, ST (5 2D

Chapter 6: Vortex sheets: Tchebysheff’s inequality, Law of large number, central limit theorem, random walk and heat equations,
random walk and vortex sheets, algorithm and its consistency and convergence, flow map (5 hours)

FLE: RS FBREASNA, Liapunov FEMER, Hopf ;3 & (2 %)

Chapter 7: Stability and Bifurcation: =Stable fixed points, Liapunov stability theorem, Hopf Bifurcation theorem (2 hours)
By AL

Part III: Other Topics

BN, —4ESARIR: RHMEZE, Riemann A48, FRBREANESE, Riemann A8 (5 226

Chapter 8: Gas flow in one dimension: characteristics, Riemann invariants, rarefaction waves and shock waves, Riemann problems
(5 hours)

FEILE: ZAHI: FHIA, Young-Laplace 7772, b2 MM, WM Poiseuille it (5 2=H))

Chapter 9: Multiphase flows: interface description, Young-Laplace equation, contact line and contact angle, two-phase Poiseuille
flow (5 hours)




18.

19.

20.

‘!' A3 ML,

‘vl SOUTHERN UNIVERSITY OF SCIENCE AND TECHNOLOGY

M R HES%% 8 Textbook and Supplementary Readings

BN Textbook:

TR S22 8022 58 (ZECRR) A Mathematical Introduction to Fluid Mechanics, by A. J. Chorin, 5t B35 iR A R AL 5T A A,
2013.

Wik 1% (8 2 B PSRRI Fluid Mechanics, by L. D. Landau, tH 5 B 45 i 2 &, 1999.

Witk (ke R RE— g, AERURSE AL, 1982.

HAth 22 BTl Supplementary Readings:

Navier-Stokes Equations: Theory and Numerical Analysis, by Roger Temam, North-Holland Publishing Company, 1977.
Fluid Mechanics, by Pijush K. Kundu, Ira M. Cohen, David R. Dowling, Academic Press, 2012.

An Introduction to Fluid Mechanics, by G. K. Batchelor, Cambridge University Press, 2000.

THERA 772 3l K H 87 Bl Computational Fluid Dynamics, by 295 D. Z2{##% John D. Anderson, =420°F, XIXFk &, MUk L
Akt L, 2007

PFEVEfE ASSESSMENT
PAETER PRAGT [A] HERERSET S B By

Type of Assessment Time % of final Penalty Notes
score

H & Attendance
WERI

Class Performance
AN

Quiz

WREIHE

Projects

SRR
Assignments

BB
Mid-Term Test

BRE R

Final Exam
BIRMRSE

Final Presentation
HE (TREFEX
UL BT
Others (The above
may be modified as
necessary)

30%

30%

40%

it4+ 5 = GRADING SYSTEM

MA. +=%%Z%%] Letter Grading
OB. —&ig/# GE/AHEE) Pass/Fail Grading
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HE##t REVIEW AND APPROVAL
21. ARERECET U T RENZRSHEROET

This Course has been approved by the following person or committee of authority




