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INTRODUCTION

0. Ideal-Fluid Flows:
definition, justification of an ideal flow

GOVERNING EQUATIONS FOR IDEAL-FLUID MOTION

1. Mathematical Tools:
tensors, gradient, divergence, curl, orthogonal curvilinear coordinates, Green's &
Stokes® theorems, stress & rate-of-strain, deformation tensor, rate-of-strain tensor &
rotation tensor

2. Equations of Motion of an Ideal Fluid:
Lagrangian & Eulerian descriptions, Reynolds transport theorem, differential equations,
boundary conditions

3. Kinematics & Dynamics of Ideal-Fluid Motions:
streamlines & vorticity lines, circulation and vorticity, stream functions & potential
functions, Bernoulli equation, Helmholtz vortex theorem, Kelvin’s circulation theorem,
vorticity equation

POTENTIAL FLOW AND ITS GENERAL PROPERTIES (POTENTIAL THEORY)

4. General Properties of Irrotational Motions:
equation of an irrotational motion, boundary conditions, fundamental solution and
Green's theorem, irrotational motion and circulation, properties of irrotational motions,
Biot-Savart law, velocity field induced by vorticity

SOLUTIONS TO 2-D POTENTIAL FLOWS

5. Fundamental Solutions of Two-Dimensional Potential Flows:
review of complex-variable theory, complex potential, elementary 2-D potential flows,
superposition, flow past a circular cylinder, force & moment on cylinders, Blasius
theorem, Kutta-Joukowski theorem

6. Solutions by Conformal Mapping Technique
Conformal mappings, Joukowski airfoils, Kutta condition, Schwarz-Christoffel
transformation for channel flows

APPLICATIONS OF POTENTIAL FLOW

7. Thin-airfoil theory:
thin-airfoil approximations, distributed source/sink & vortex solution, aerodynamic
characteristics of a thin airfoil

3-D POTENTIAL FLOWS




8. Three-Dimensional Potential Flows:
elementary 3-D potential flows, flow past a sphere, force exerted on a 3-D body with
uniform & nonuniform translating motions, kinetic energy and apparent mass tensor

##% : (1) ‘Principles of Ideal-Fluid Aerodynamics’, K. Karamchetl, Wiley, 1966.
(2) ‘Fundamental Mechanics of Fluid’, 2nd ed., I. G. Currie, McGraw-Hill, 1993.
%% % ! (1) ‘Incompressible Aerodynamics’, ed. by B. Thwaites, Oxford Univ. Press
1960, Dover 1987.
(2) ‘Theoretical Aerodynamics’, 4™ ed., L. M. Milne-Thomson, Macmillan 1966,
Dover 1973.
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e Introduction —
definition of ideal fluid, justification of ideal flow

e Mathematical tools —
Cartesian tensor, metric tensor, gradient divergence & curl,
some vector identities

(Karamcheti)
Ch.1

e Mathematical tools — (Karamcheti)
orthogonal curvilinear coordinates, physical components Ch.2
in curvilinear coordinates, gradient divergence & curl in
curvilinear coordinates, integral definitions of gradient
divergence & curl

e Mathematical tools — (Karamcheti)
Green’s & Stokes’ theorems, stress & rate-of-strain Ch.2,
tensors, rotation tensor & vorticity, constitutive equation Ch.3,

¢ Equations for ideal-fluid motion — Ch.4,
Lagrangian vs. Eulerian descriptions, Reynolds transport | Ch.6
theorem

¢ Equations for ideal-fluid motion — (Karamcheti)
conservation laws of fluid mechanics, differential Ch.4,
equations for ideal-fluid motion, boundary conditions for | Ch.5,
ideal-fluid flow Ch.18:

e Kinematics & dynamics of ideal-fluid motion — Sec.18.1~18.5
kinematics: streamline & vorticity line, circulation &
vorticity, potential function & stream function, stream
function for axisymmetric flow

¢ Kinematics & dynamics of ideal-fluid motion — (Karamcheti)
dynamics: Bernoulli equation, Kelvin’s circulation Ch.8,
theorem, Helmholtz vortex theorem, vorticity equation Ch.9:

e General properties of irrotational motion — Sec.9.1~9.10,
equations for inviscid incompressible irrotational motion, | Sec.9.16~9.17
Laplace equation, potential flow, boundary conditions at
far-field

¢ General properties of irrotational motion — (Karamcheti)
fundamental solution to the Laplace equation, Green’s Ch.11:
function, Green’s theorem, applications of Green’s Sec.11.11
formula, interpretation of Green’s formula

¢ General properties of irrotational motion — (Karamcheti)
irrotational motion & circulation, some Topological Ch.9:
notions Sec.9.11~9.15,

e General properties of Potential theory — Sec.9.18
Mean-value theorem, Max. & Min. principles, Min. kinetic
energy principle, constraint on natural boundary condition
for Neumann problem, uniqueness of solution

¢ Flow induced by concentrated vorticity — (Karamcheti)
Biot-Savart law, applications of B-S law, vortex filament, | Ch.18:

horseshoe vortex, vortex sheet

Sec.18.6~18.10




e Review of complex theory —
complex variable, complex function, analytic function,
Cauchy integral theorem, Taylor & Laurent series,
singularities, residue theorem, complex integral

(Karamcheti)
Ch.14:
Sec.14.1~14.10,
Sec.14.15~14.23

? ¢ 2-D potential flows — (Currie)
complex potential, some elementary plane-flow solutions, | Ch.4:
uniform flow, flow around corner, plane source/sink, plane | Sec.4.1~4.7
vortex, plane doublet

¢ 2-D potential flows — (Currie)
image method, flows generated by superposition, flow Ch.4:

10 around circular cylinder w/ & w/o circulation, Circle Sec.4.8~4.11
theorem, flow around cylinder of arbitrary cross-section,

Blasius theorem, force & moment on cylinder, Kutta-
Joukowski theorem, D’ Alembert paradox
¢ Flow generated by Conformal transformation — (Currie)
general properties of Conformal transformation, critical Ch.4:
points of transformation, applications to potential flow Sec.4.12~4.14

11 | e Joukowski transformation (flow around airfoil) —
general properties of Joukowski transformation, families
of Joukowski transformation, flow around elliptic cylinder,
flow around flat plate

¢ Joukowski transformation (flow around airfoil) — (Currie)
flow around circular arc, flow around symmetrical Ch.4:

12 Joukowski airfoil, flow around cambered Joukowski airfoil | Sec.4.15~4.18

¢ Generation of circulation (lift force) around airfoil — (Karamcheti)
Kutta condition, formation of starting vortex, bounding Ch.13:
vortex, Joukowski airfoil revisited Sec.13.7~13.10
e Schwarz-Christoffel transformation (flow in channel) — (Currie)

13 general properties of S-C transformation, implementation | Ch.4:

of S-C transformation, application to channel flow Sec.4.19~4.20
e Schwarz-Christoffel transformation (flow in channel) — (Currie)
Hodograph method, free-streamline problems Ch.4:

14 | Thin-airfoil theory Sec.4.21~4.22
small perturbation theory, thin-airfoil approximation, (Karamcheti)
linearized boundary condition, linearized pressure Ch.17:
coefficient Sec.17.1~17.5

e Thin-airfoil theory — (Karamcheti)
splitting of thin-airfoil problem, solution to symmetric Ch.17:

15 airfoil at zero angle of attack, solution to cambered airfoil | Sec.17.6~17.9
at zero angle of attack, solution to flat plate at nonzero
angle of attack, complete thin-airfoil solution,
aerodynamic lift & moment coefficients

e 3-D potential flow — (Currie)
potential equation in spherical coordinates, general Ch.5:

16 solution to 3-D axisymmetric potential flow, some Sec.5.1~5.12

elementary 3-D potential flows, point source/sink, point
doublet, flows generated by superposition, flow around
sphere, Butler’s sphere theorem




e Force exerted on 3-D body — (Currie)

force on body immersed in steady unbounded uniform Ch.5:

17 flow, Sec.5.13
force induced by singularities, force on body translating (Karamcheti)
non-uniformly in quiescent fluid Ch.10:

Sec.10.1~10.5

18 | /78 % ¥ (kBFRATFRE)

VAN A0 G i

S Foo Sadba
l.- =¥ ¥ (take home) (P #p3 3k% 7 7 #)(50%) > # % % (in-class) (50%) °
2. :F‘}‘r_(iﬂ TR P 04 F A L)

= FFRENTLEI

? ;—‘; 33662708
e-mail: tywu@ntu.edu.tw
Office hours: Tue. 12~2 pm

[3]:
* ;g-"gmsg'& EFX2 g A o7 ol

LR AR g I AR HTZ i
2&%%?ﬁﬁﬁa%’Hiﬁﬁ‘ﬁﬁ‘ﬁﬁ‘&aﬁﬁ
U3.EFskzt ooy A0 s flde2 1 fe 2| B0 L 2 flaT2 it 4 -
AEBRHFLATR2ZpM TR ELG N FIRAHLE ¥

USGuad i1 e p M 2 L e PP E PRI L LK FEBgR L o
6.5 % MR & T2 A > A2 A EEW ~F* HF 2 HEEFIE2 Gy
ERI 2 BT AR s BRI E RS X2 A o

.
4o

x>
. (\x,

N

e

5 ch e

Q.

'S

RAF LB KBS A 4T
GlLE & #4422 & ¥ arahdr i
EHRRBIEHNFRIT T 20w d o
G3.EHERPIHRL 2 H2 204 o



mailto:tywu@ntu.edu.tw

‘% ﬁ % lu ; 333_2 ﬁ;/‘j_ﬁ:e %E—i ﬁ‘; 4 °

GS.EHB4 FATR A R L 2004 o
6&%@%&5 LhFethiF A 4 o

G7.5 % AF ¥ ~ 2 RG22 5 4 o

8&%%&9&% SE 4

16%

B3RP
HAEKE P R

FAKFPEDILRZ P IFL aRFLAL 45 5 2Rt (B2
1997) 5 AR AFLHI R POLEARF L EEFY 0 UTRETRESE
S F A E Y (F %z 2002)

LA AEREI S DA% HEF D A e AR T2 A JgE
e KE PR TAH AN L

(=) AR &G ATkGE > & FADIHE > ? RQBHFEEY DR -
(=) REFFEHIK G Tk > ke F 2 hF§ »ck o
(Z) REY 25 anTE § Tl > 7 FEOEET Ui KF it mfpik -

X BALKE B2 100~300 F G E 0 A B R RE o

CRKER % (FLEYAE)
BArz KE P TR | > A E it E S K PR 0 TR e ok
Zir o e EHF L A RAEAENNERSERPATBEN A o

T H RN SR L b TR kg s 0 (MBRE 0 1997)

(=) B AR AP BRI - RRER KB TAFE U R &5
By -

(z) m- 47w Jf%%y R HER 0 B 'f‘—"&? lg»?’ et %fé%ni’ IPLPEI: SR S jﬁ.}?&ﬁv
e % e o

(Z) @WmF gy (T 5 o

“HKERM 2 A2

St ,;;s%gkp%%iﬂ B2 HE AT wehsd ~ (TELFRE o

L HFTF L2 KEREE S 211738 (PR 1997 5 & # > 2002)
A HiEHHF 2

ERE Y SEEE DEN L SR SRR E R A I R Ly S
TR CEFaEE o 17 24 A BB Y AR R o




Bk S S

IR O B R R T ey )
SRR Bl SR Y BT e BLR KL T 3 k&
g&"m*)’)\ i‘j\\iﬂ m%/ o é’-éf%ﬁ?&ﬁﬂ ) giﬁﬂij"ﬁév\ / P‘J"»?;}J_ , ?:(E’E
A AT
LRk s 2

R e FEARY > SRR BREFELFRDLAHF - K
ﬁ%é—ﬁiﬁ?)@@_\lﬂ\i{’%mﬁl s 1L R H i#ﬁgffiﬁjﬁ:—%‘i FE T G v
B e bl bl ¢ P 2 Y R LRI T R AT R
BRI B A A

>

H : ; ,

SE 2 TR PR o fie £ E R T HA 2

R - , ,
[h3

BT B AT
RALHE DRKEE Y RALE B T B e O ok o - iAo B
ﬁiwrﬂﬁ@*ﬁﬁ’?%ﬁgiﬂﬁ$@mw%,?anmﬁﬁw%§4
FRAR AL > B ES A hplS fofR A AT 4 o Bldc B A2 KR 2 N B4 B
AABFH - EFE RS c B Ew IR KT E -

d I RE

¢ ) ﬁ?’f%i}{ A IERLEER ig'frﬁ’{}"-j—‘pfﬂqiiﬁéﬁ?m
RPN Nl Nl SR i A D e
ﬁ%ﬁ%‘«xf_mﬂ R R ARG TEPS N E R B 7R AR 2 o

TALZ SR 2
i—iﬁ?ﬁﬁﬁﬁiﬁ{%ﬁﬁiﬁﬁﬁ&%ﬁa%@@{ﬁgpﬁgm
AR B AE ol I A B REEE Ao PR R A
FELRTARKE R BHERTE T P2 AL TARKE R fkok o 2
?{Eﬂ’_ Iﬁ-ﬁ Zra— ,u’i_ﬁq:o

B HE LA BAA B chikir > X LT E o TR HEL > B
§4/w\ak2\lg&{?;’,J.‘ﬁg_,&#kﬁ,‘igﬁvg;(gﬁy,,,k:g:gj;,tgéﬁvowwm;
L QuipL S A R s A
Rl R F 2
Rl %% Bt B84 b4 13 % ehkE - REFA pH A F LY foibs L
vmﬁﬁg
B HH E

BB A G R Y R A B S S LK 0 RS MR AT R
QET“"%L‘%\'T}"lﬁﬁ_*gﬁ}‘fl’mﬁ;;l]o%ﬁﬁg w%}g‘:ﬁ.* R STy
A PU I KE TP e




K. 2 falfes g

PR i s ?;\—_r%; X - %@ FH TRy L 1B %[Eé ?Q\—F,a? ?3\—_’%; I ;\Z o

KA et B R Gt e FRP KE S N bldedad f 8k LA

AR BSREEE

FEORE S FRAERT SRR Y PSR AR L EFE A
LESE A

S K EI-E:": S Eﬁﬁ}i)'%é’ :}’é.—ﬁr»fa@'ﬂ» EI_E: Eﬁ??}—lu'}}a 5
a. TG4 Y T S H AT E o
b. ;EIJI%E ° t’l]‘&["uizfﬁ'é; ~ _‘.I'E%«é; :a::: °

c. ¥ #(home work, assignment) °

d. F &4 (report) e Hldrr AT G > B AN EIRLF o

e. % ii(term project) e H4rT FEA T G 0 BAN ) BELEE o
f. Fi%o

g FEitwm e

h. 38~ BRIk o Bldo IR A5 o

i. ;E' [T ;—;—ﬁ;’g E Eﬁ_‘ﬂg _7V o

RRE A N
6'7]];;&‘\4J §F’é-—:£°

=4
3




