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: Fluid Mechanics
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1. Introduction:
concept of fluid, assumption of fluid as continuum, concept of a flow field (Eulerian vs.
Lagrangian descriptions of flow), integral and differential analyses of flow field,
properties of fluid, dimensions and units, viscosity of fluid, flow classification, basic
flow-analysis techniques

. Mathematical tools used in describing fluid-flow:
Cartesian tensor, tensor operators (gradient, divergence, curl) and their physical
meanings, important vector (tensor) identities, Green’s and Stokes’ Theorems,
orthogonal curvilinear coordinate systems, tensor operators (gradient, divergence, curl)
in orthogonal curvilinear coordinate systems

. Fluid statics:
pressure and pressure gradient, hydrostatic condition, hydrostatic pressure distribution,
hydrostatic forces on plane surfaces, buoyancy and stability, pressure distribution of
fluid in solid-body motion

. Fundamentals of flow description:
velocity and acceleration of flow field, material derivative, flow patterns (streamlines,
pathlines, streaklines, material lines), surface force and stress tensor, deformation of
fluid element, strain-rate and rotation-rate tensors, rotationality and vorticity

. Control-volume analysis (integral analysis) of flow field:
control-mass and control-volume approaches, Reynolds Transport Theorem,
conservation laws of fluid mechanics, Bernoulli equation, applications

. Differential analysis of flow field:
differential formulations of conservation laws, inviscid flow equations, viscous flow
equations (Navier-Stokes equations), energy equation, physical boundary conditions,
stream function, vorticity and irrotationality, velocity potential, streamlines and
potential lines, some illustrative solutions to flow equations.

. Dimensional analysis and similarity:
principle of dimensional homogeneity, non-dimensionalization and dimensionless
parameters, the Buckingham Pi theorem, similarity and modeling

. Potential flows (inviscid, incompressible and irrotational flows):
theory of potential flow, irrotationality and circulation, elementary plane-flow solutions,
superposition of plane-flow solutions, plane-flow past a closed body, force and moment
on the body, Kutta-Joukowski theorem, brief introduction of lift force on airfoil,
complex-potential method for solving 2-D potential flows, axisymmetric potential flows

. Boundary-layer flows:
boundary-layer theory, formulation of boundary-layer equations, integral form of
boundary-layer equations, Karman momentum integral equation, laminar and turbulent
boundary layers, drag and drag coefficient, boundary layer along a flat plate, boundary
layers with pressure gradient, flow separation, boundary layer over a circular cylinder




and sphere

10. Incompressible viscous flows in ducts:
physical aspects of pipe flows, introduction to turbulence, laws of turbulent flow near
wall, fully-developed laminar pipe-flow solutions, head loss of pipe flow, fully-
developed turbulent pipe-flow formulas, Moody chart for pipe-flow problems, major
and minor (head) losses in pipe-flow system

‘Fluid Mechanics’, 8" ed., F. M. White, McGraw-Hill, 2016.
: (1) ‘Fluid Mechanics, Fundamentals and Applications’, 3" ed., Y. A. Cengel
and J. M. Cimbala, McGraw-Hill, 2014. (detailed, major reference)
(2) ‘Introduction to Fluid Mechanics’, E. J. Shaughnessy Jr., I. M. Katz, J. P.

Schaffer, Oxford University Press, 2005. (CD contains lots of video clips
from experiments and numerical simulations)
(3) ‘Munson’s Fluid Mechanics’, Global Edition, P. M. Gerhart, A. L. Gerhart, J.
I. Hochstein, Wiley, 2017.
(4) ‘Introduction to Fluid Mechanics’, 9" ed., R. W. Fox, A. T. McDonald, P. J.
Pritchard, J. W. Mitchell, Wiley, 2016. (classic)
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e Introduction — (White)
1 Ch.1
(lecture ppt)
) e Mathematical tools used in describing fluid-flow — (lecture ppt)
(No class on Fri. 2/28)
e Mathematical tools used in describing fluid-flow — (lecture ppt))
3 (White)
Ch.2
4 e Fluid statics — (White)
Ch.2
5 e Fundamentals of flow description — (lecture ppt)
6 e Control-volume analysis (integral analysis) of flow field — | (White)
Ch.3
7 e Control-volume analysis (integral analysis) of flow field — | (White)
(No class on Fri. 4/3) Ch.3
2 e Control-volume analysis (integral analysis) of flow field — | (White)
e 1* quiz (evening on Wed. 4/8, date cannot be changed) Ch.3
9 e Differential analysis of flow field — (White)
Ch4
0 |° Differential analysis of flow field — (White)
Ch4
1 e Special-type flows — (White)
Potential flows Ch.8
ool Special-type flows — (White)
Potential flows Ch.8
3 |° Dimensional analysis and similarity — (CV}\lflgite)




e Special-type flows — (White)
14 Boundary-layer flows Ch.7
e 2" quiz (evening on Wed. 5/20, date cannot be changed)
e Special-type flows — (White)
15 Boundary-layer flows Ch.7.
e Incompressible viscous flows in ducts — (White)
(including brief introduction to turbulence) Ch.6
16 |°® Incompressible viscous flows in ducts — (White)
Ch.6
17 | Incompressible viscous flows in ducts — (White)
Ch.6
18 | e Final exam (6/19, in class)
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35 33662708
e-mail: tywu@ntu.edu.tw
Office hours: Tue. 12~2 pm
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