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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

##% : (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
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e Equations for ideal-fluid motion — (Karamcheti)
conservation laws of fluid mechanics, differential Ch4,
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

e 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

e 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

10 e 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 | 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:

13 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)

14 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:

15 |° 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:
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 (Currie)

16 angle of attack, complete thin-airfoil solution, Ch.5:
aerodynamic lift & moment coefficients Sec.5.1~5.3

¢ 3-D potential flow —
potential equation in spherical coordinates, general
solution to 3-D axisymmetric potential flow




e 3-D potential flow — (Currie)
some elementary 3-D potential flows, point source/sink, Ch.5:
point doublet, flows generated by superposition, flow Sec.5.4~5.12
17 around sphere, Butler’s sphere theorem (Currie)
e Force exerted on 3-D body — Ch.s:
force on body immersed in steady unbounded uniform Sec.5.13
flow,
force induced by singularities
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