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Ideal Fluid Flow
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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
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FF3E © (1) ‘Principles of Ideal-Fluid Aerodynamics’, K. Karamcheti, 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 — (Karamcheti)
definition of ideal fluid, justification of ideal flow Ch.1
1 e Mathematical tools —

Cartesian tensor, metric tensor, gradient divergence & curl,
some vector identities

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

curvilinear coordinates, integral definitions of gradient
divergence & curl




e Mathematical tools —

(Karamcheti)

3 Green’s & Stokes’ theorems, stress & rate-of-strain tensors, Ch.2,
rotation tensor & vorticity, constitutive equation Ch.3
4 (10/10 *x &)
¢ Equations for ideal-fluid motion — (Karamcheti)
Lagrangian vs. Eulerian descriptions, Reynolds transport Ch4,
theorem, conservation laws of fluid mechanics, differential | Ch.5,
equations for ideal-fluid motion, boundary conditions for | Ch.18:
5 ideal-fluid flow Sec.18.1~18.5
¢ Kinematics & dynamics of ideal-fluid motion —
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:
6 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
e General properties of irrotational motion — (Karamcheti)
7 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
e General properties of irrotational motion — (Karamcheti)
irrotational motion & circulation, some Topological Ch.9:
notions Sec.9.11~9.15,
8 | 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)
9 Biot-Savart law, applications of B-S law, vortex filament, | Ch.18:
horseshoe vortex, vortex sheet Sec.18.6~18.10
¢ Review of complex theory — (Karamcheti)
complex variable, complex function, analytic function, Ch.14:
Cauchy integral theorem, Taylor & Laurent series, Sec.14.1~14.10,
singularities, residue theorem, complex integral Sec.14.15~14.23
10 . .
¢ 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:
1 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
12 | o Joukowski transformation (flow around airfoil) —
general properties of Joukowski transformation, families
of Joukowski transformation, flow around elliptic cylinder,
flow around flat plate
e Joukowski transformation (flow around airfoil) — (Currie)
flow around circular arc, flow around symmetrical Ch.4:
13 Joukowski airfoil, flow around cambered Joukowski airfoil | Sec.4.15~4.18
e 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)
14 general properties of S-C transformation, implementation | Ch.4:
of S-C transformation, application to channel flow, Sec.4.19~4.22
Hodograph method, free-streamline problems
e Thin-airfoil theory — (Karamcheti)
small perturbation theory, thin-airfoil approximation, Ch.17:
15 linearized boundary condition, linearized pressure Sec.17.1~17.6
coefficient, splitting of thin-airfoil problem, solution to
symmetric airfoil at zero angle of attack
e Thin-airfoil theory — (Karamcheti)
solution to cambered airfoil at zero angle of attack, Ch.17:
solution to flat plate at nonzero angle of attack, complete Sec.17.7~17.9
thin-airfoil solution, aerodynamic lift & moment (Currie)
16 coefficients Ch.5:
¢ 3-D potential flow — Sec.5.1~5.6
potential equation in spherical coordinates, general
solution to 3-D axisymmetric potential flow, some
elementary 3-D potential flows
e 3-D potential flow — (Currie)
point source/sink, point doublet, flows generated by Ch.5:
superposition, flow around sphere, Butler’s sphere Sec.5.7~5.13
theorem (Karamcheti)
17 | e Force exerted on 3-D body — Ch.10:
force on body immersed in steady unbounded uniform Sec.10.1~10.5
flow,
force induced by singularities, force on body translating
non-uniformly in quiescent fluid
18 |el/16 8 %% :&(xRE R T FF

TR




FHFL S
1. - 8¢ % (50%) > #F x4 (50%) -

2. IF_T_(;}FIQ Hleg PRI & 74 3FL)o

= KT

T 35 33662708
e-mail: tywu@ntu.edu.tw
Office hours: Thu. 12~2 pm

(3]
AARPIEI A E LS e

ERE®AHZ B 1 ARG B2 i 4 o
U258 AR ERER & 02 R AT A R
BLEHE A A s WA IR B L R ART2 A

BRI APM B R LT AR R 1 £ E
USiud o1 ieip i 2 L e PR TR ¥ 2§ HLABERB ol it 4 o
6. K MR E T2 A » § Add2 L Fd ~Br hF 2 e g :

%
UTEH=r 2 G s A £ s B IRAZ2 £ALE 52 A o

.
o

dx,ﬂﬂ,"g»-’frﬁé 232t o7

E R AR & E o g o
2&%%ﬂ£ﬁﬁéﬁpmiﬁ4°

EREBBMEFELE BT 2w o
G4.£%£,*J%‘r.&i’£z&: f2A-RRRE2 a4 o
G5.2 # &7 A &ﬁprgf’rgigbai 0
GO. 5 & BI"ERE 4Fenth a4 o
TEFARE g2 RG24 o
GR.EWME A ABY XL 2 504 -



mailto:tywu@ntu.edu.tw

B3RP
Eoi® C

%ﬁﬁ%ﬁ%ﬁiiéwiﬁiﬁﬁﬁﬁiﬁgﬁﬁﬁ;%miﬁw(mmﬁ’
1997) 5 A B AF TSP E P ALEAKER S LEY 0 TV RBETRENE S
HEE A B Y (F ke 2002)

Bt bR RAERE S NS5 D ARRERPFAFIINE A HEH o
e TE PR TAIZE AN
(=) A RKEF TR A FAIRE 32 RZERZETY DR -
() REFEFF ARG TRy K F 2 hF ¥ »ek o
(Z) #E Y % am®E § Ty A PR DR ST URL KE uEadpik -
*HARHKE P 1512 100~300 F e i o LA AL o

ERE S L LXC FX LD
AL FCE R R AT ) o b TS S R RS S ok
2o f A AFMABEABLARNERT ERPATRE LA -
WA RER | B AR b WA N E A h 0 (MPRs 0 1997)
(=) R EMBRAP W PR BT ¢ o Rk R R B 2 AR B R
B
(Z) M- 7 ¥ g BT BAcE G R BB o k2 R B e
e« B o

(=) s il 17 5

SORERGZE A
Aoit L APALD 2 KF AT R F S TR
L HEFTF L2 KB FER 22 £ 1158 (MPe2e 0 1997 5 § & %> 2002)
A it RE 2
EEE e SRR RN Pk R LN IR R R sl X T
TRF CER AR o I 24 N BARPEERRKMNF o

B. g *

HIE AR WL L R ) L e
r‘rJF‘: %\Kl}’é r’:" \L*?y{tl‘im,&{ ) é._%l}b:j #B*)’E};’ - 4\0}% 37 T 5 % ]E’ j'\
B x o [ A R e B RE Y 0 B A A A s TR KT

LA REFE
C. mHxE2
KEFLRFEARY My B - BRE-FTAFRDLAHF -

A
T?@_ﬁigﬁy/,\‘lﬁr/‘% E'F’J}‘K?i;}ﬁ]?iﬁlﬁ—&mmﬁg?'1
I = P T PN

7

=i \m& =
= A




R R
D. (T¥ %%

f%?ﬂ‘é?%éﬁﬂiéﬁé{fé‘%ifﬁﬁ CFRRLT O RFE I DF Y EE
AR Y e A LI HF LG R R e g R WAE 2
E‘JQP{%’*%EH’-)J‘%'ﬁ*w?T’llm%\-*'-—ié—n':‘ r‘,’-,;

FIEY p e iTE
ERAEL o B H

E. Fi& L A5E 2

Wﬁ%ﬁﬂjﬁﬁ.“@&%%Wﬁwbﬁuﬁﬁﬁﬁﬁﬁﬂ$o—&ag » H
i R E e A BWAIRE G R ALk seoh R R
fRA-PERE > e 4 hf| ol dpiiani 4 o blc R g2 P 2 p B o
dABFEE BFERS o P Ew IR KEE

F. &4 kg
&5%ﬁﬁ§f AR AR E R E R A g frririe s
Z B é:uw/Pm§4#/ﬁ%Pﬂﬁﬂfé@5’u? :
'#%wmﬁuuaﬂ«%%m,igﬁmEmeﬁ%f "R cfi A ok
G. TiLZ% ?‘kﬂ—'ﬂ;’?{g/z‘
B o TARKE G AN gAE Ll e T e R AR R KD
ﬁiiﬂ’§4f*%w?ﬁﬂiﬁ?%%°@rb¥%ﬁ‘%%“‘?%%@
h%mﬁﬁ§¢°ﬁiﬁﬁgglk Bt T ALKE R R Bk k ¥
ﬁwﬁé R S E
H. k%52

PR REEABAA B ki X AT IRBBAASNEL B
Bdrared { i)l SREFTIRERE  KIKEFH o bicd
B> b B K2 KEF LR AR

L Al 52
Jpld 58 2 B B2 Q14 TR vk BB pHAFEY o2 L
G e g o

Y- 7 F

o P FOB AR Y PR A BN S 0 R Mg SRR 7
v E o B - Ilﬁa‘%—m,rfrmﬁa;v c B HBET B KA KEWAT
AR E I EE P o

K. ;6 pm " B4 ?I—’g; =
*Wﬁ“ﬁ§ifﬁ§ BRE 2L

*i;{_z\»]:‘%-kr'}a TE ’i‘“‘]' @2 FHP HE N bl g2 LA
E\‘i‘?\iﬁ ﬁfb;}}t,ﬁn‘z]‘# °

RN

i
g

& [l

1

ERRE

i

4 Sl

- oms
3

o

x
v

'H
3§
A

N

,’7
e

,,»

FRORE S TR ERE SIS EY PR R e R ETE S S
prob s RS gy R R E FEArRE R L’Eff”p’f'u”ﬁﬁiﬂ ';:3?“(5‘3"

a. TGl r ¥ W AT E o




b. BB e GlhckEF T S TpETE

c. 1% ¥ (home work, assignment) °

d. #®2 (report) o GldrT FEA T G 0 B AN HIFLF o

e. % AE(termproject) e Gl4rT FEAZ G o BA A L IEE o

£ @ iFo

g WFE@m e

h, &3~ B RBEZRed o bldc R A -

1. gféo;ﬁ—ﬁ?_ﬁf;ﬁmio

KB AP FR G R IR RS N e B AP RS
STEHATG 0 BAA)EFLE o

s




