Introduction to Fluid Mechanics

Background

Several scientists have contributed to the science of fluid mechanics

Archimedes ( 250 B.C) : Principles of hydrostatic and flotation

Newton: Momentum equation.

Revnold: Laminar & Turbulence.

Prandtl: Boundary layer.

Euler & Bernoulli: Fluid motion.

Mach: Supersonic flow.

Riemann: Shock waves.
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Definitions

a. Fluid Mechanics (there is more than one definition

e The science that deals with the action of forces on fluid.

e The branch of mechanics that deal with gases and liquids, either at
rest or in motion.

b. Fluid (Liguid, Gas & Plastic solids

e Fluid is defined as a substance that continually deforms (flows)
under an applied shear stress regardless of how small the applied
stress.

e Anvthing that flows, either liquid or gas. Some solids can also
exhibit fluid behavior over time.




Dimensions

A DImension is a category that represents a physical quantity such as mass,
length, time , momentum, force , acceleration, and energy.
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Dimensionless Groups

A Dimensionless Group is any arrangement of variables in which the primary
dimensions cancel out. Examples: Mach number: (M), Reynolds number; (Re)

Dimensional Homogeneity

A Dimensional Homogeneity is when the primary dimensions on each term
are the same.

Primary dimensions on a derivative

To find primary dimensions on a dervative, recall from calculus that a derivative 1s defined as a ratio:
df _ o AL
dy Ay —0 Ay

Thus, the primary dimensions of a derivative can be found by usmg a ratio:
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Primary dimensions of an integral

To find primary dimensions of an ntegral, recall from calculus that an integral 15 defined as a sum:

[1d= 51,

— 00 §=|

[ fdy]: 11 19

For example, position 15 given by the mtegral of velocity with respect to time. Checking primary dimensions for
this mtegral gives

[ Fdr}:[v]{:]:%-T:L
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Dimensional Homogeneity

Sometimes constants have primary dimensions. For example. the hydrostatic equatton relates pressure p, density
p, the gravitattonal constant ¢, and elevation -

p 4 pgr = constant = C

For dmensional homogenerty, the constant C needs to have the same primary dimenstons s either p or pg-.

Thus the dimenstons of C are [(] = MILT . Another example mvolves expressing fluid velocity as a function

of drstance y ustng two constants a and b:

V(y)=ay(-y)

For dimenstonal homogeneity bath sides of this equation need to have primary dumensions of [L/T]. Thus,
b]=Land[a]=L"T"
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Dimensional Homogeneity

Prove the equation below for dimension homogeneity

V(y)=ay(b-y)

V(y) =ay(b- y) =aby- ay’
LU [abL]- [aLz]

&TH
[abL

And [aLz]

|e[a]

|

Substitute Egn.(2) in Egn.(1), we have

b =[t]
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Applications and Connections of Fluid Mechanics

1. Hydraulics

Hydraulics 15 the study of the flow of water through pipes, rivers, and open-channels. Hydraulics meludes
pumps and turbines and applicattons such as hydropower. Hydraulies 1s important for ecology, policymakimg

etergy production, recreation, fish and game resources, and water suppy.

1. Hydroloqgy

Hydrology 15 the study of the movement, distribution, and quality of water throughout the earth. Hydrology
mvolves the h&drauhr: cycle and water resource 1ssues. Thus, hydrology provides results that are useful for

environmental engmeermg and for policymaking. Hydrology 15 m
challenges i providing water for human societies.
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Flow Classification

3. Aerodynamics

Aerodynamics 1 the study of arr flow. Topics melude lift and drag on objects (&g, auplanes, antomabiles,
birds), shock waves assoctated with flow around a rocket, and the flow through a supersonte or deLaval nozzle
Aerodynamucs 15 mportant for the desten of velucles, for enerey conservation, and for understanding nature.

4. Bio-fluid Mechanics

Bio-fluid mechanics 15 an emeromo field that weludes the study of the lungs and exrculatory system, blood flow,
micro-ctreulation, and Iymph flow. Bio-fhuds also meludes development of artifictal heart valves, stents, vaimn
and dialysts shuats, and artifieial organs. Bio-flud mechanics 1 important for advancine health care
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Flow Classification

Acoustics 13 the study of sound. Topics melude production, control, transmisston, reception of sound, and
physiological effects of sound. Smee sound waves are pressure waves 1 fluds, acousties 15 related to fluid
mechanics. In addition, water hammer m a ppmg system. which mvolves pressure waves m hiquids, mvolves
some of the same knowledge that 15 vsed m acoustics.

5. Acoustics

6. Micro-channel flow

Microchannel flow 15 an emergmg area that mvolves the study of flow in tmy passages. The typical size of a
microchannel 15 a diameter m the range of 10 to 200 nucrometers. Applications that mvolve microchannels
melude microelectronics, fuel cell systems, and advanced heat sk desiens.
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Flow Classification

/. Computational Fluid Dynamics

Computational fluid dynamics (CED) 15 the application of numerical methods mplemented on computers to
model and solve problems that mvolve fluid flows. Computers perform millions of calculafions per second to
smulate flusd flow. Examples of flows that are modeled by CFD mclude water flow i a river, blood flow i the
abdommnal aorta, and arr flow around an automobile

8. Petroleum Engineering

Petroleum engineering is the application of engmeermg to the exploration and production of petroleum.
Movement of od in the ground mvolves flow through a porous medmum. Petroleum extraction mvolves flow of

oil through passages mn wells. O1l pipelines mvolve pumps and conduit flow.
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Flow Classification

9. Atmospheric Science

Atmospheric science 15 the study of the atmosphere, ifs processes, and the mferaction of the atmosphere with
other systems. Flud mechanics topics melude flow of the atmosphere and applications of CFD to atmospheric

modeling. Atmospheric science 15 mportant for predictino weather and is relevant to current 1ssues meluding

acid ram, photochemical smog, and global warmmg

10. Electrical Engineering

Electrical engineering problems can mvolve knowledge from flud mechanics. For example, fluid mechanics 15
mvolved m the flow of solder during a manufacturmg process, the coolme of a mucroprocessor by a fan, siang

of motots o operate pumps, and the production of electrical power by wind turbines
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Flow Classification

11. Environmental Engineering

Environmental engineering mvolves the application of science to protect or improve the environment (air,
water, and/or land resources) or to remedsate polluted sifes. Environmental engineers desion water supply and

wastewater freatment systems for communities. Environmental engmeers are concerned with local and
worldwide environmental 1ssues such as acid ram, ozone depletion, water pollution, and arr pollution.
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