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INEEUCHEN

+ Behavior of liguids and gasess

+ How canl a rocket moevingrwithoutany,
alr 1N OULEr Space?

+ How can information’ ebtained fizem
model airplanes be used tordesign
the real thing?

+\Why can’t you hear a supersonic
airplane until it has gone past you?.
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Charactenstic el Flues

< A fluid is a substance that deferms

continueusly: WRER  actedr Ry,
shearing stress offany: magnitudes

+ A solid also deforms under'shearing
stress but )

solid
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DImensions

+ Fluid characteristics need torberdescrbed
both gualitatively anarguantitativeiNs

+ Fluid characteristics can be described

gualitatively in terms off certaintbasic
guantities such as |IEngth, tUIME, and eEss:

+ Fluid characteristics can be describedin

terms of primary. guantities)(basic
dimensions) and secondary; qUantities:

+ Fluid mechanics involves only: three basic
dimensions i.e. L, 7, and /M, or /, 4 and
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DIMENSIGRSYASSEEIAIEENVIt
Commen PhySicaliQUaRuIES

FL
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Systems e Units

TWOI Systems Off URItS  thatiaremWiGEINVAUSECNT
engineering are the BrtishNeravitationaiNBE)
System and the IntermationalNSYStEmNSL)»
BritishiGravitationaIsSystEmNicE)

— Length' (foet, fit), Mime (second; s)) Eerce((poincio)y
Tempenature (Fahrenheit °ErRankine Ry

International SystemNiSis
— Length (meter, m)), Time (second) s)),

mass (kilegram), k@), Temperature (Kelvin, k)
When solving problems it is' important torusera

consistent system of units, e.g., don't mix: BG and
SI units
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AnalysISieiFEIUCNEBERNaVION

+ Newton’s |aw! o metion; CONSER At
of mass, first andfsecondawWrer:
thermodynamics: are used:

+ Fluid mechanics: canrbe generally.
subdivided into
— Fluid Statics — fluid is at rest.
— Fluid Dynamics — fluid' is moeving.
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Vieasures eirEItaiviassianad
\Welght

+ Density, p (rhoe) — mass perunitveltime
— Vary widely between different Hludss

— For liguid, variations in' pressukerand
temperature have only: a small eifecton the
value of density.
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Density of water
as a function of
@4°C p = 1000 kg/m® temperature
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The specific volume, v
is the volume per unit
mass

Density, p kg/m®
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Temperature, °C
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Vieasures e Fludiviassianad
Weight

+ Specifict WeIght, v (@amma)—Weightiper
unit velume ---> y=pg

+ Specific Gravity, SG — the ratic off deERsItY;
of the fluid to the density, o Water at 4@

— At 4°C, the density of water is 1000 kg/me ok
1.94 slugs/fit>.

— Specific gravity does not depend-onrthe system
of units.
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\/ISCOSILY,

+ \/iscosity is the property, thatistused
to describe the Huicity e the Tt uiGE:

+ Real fluids, even theotighrtheyAmayabe

moving, always “stick™ te’ the soelid
boundaries that contain' them:
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\/ISCESILY

+ Deformation off materialiplaced
between' tworparalielfplatess

+ Fluid motion' can’ cause sheaking
Stresses.

) Fixed plate
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rate of shear strain, y

uUst U du
= lim
a0 hSt b dy

Since the rate of shearing strain is
increased in direct proportion ---

tanéﬂzb“ﬁ:%

) u
since oa =U ot then Ty or  oc—

y

NINIHIIAINTTHIATOING AMEIAINTIUATAAS WHIINTIAOUDULAT A.AT A UIE gAnTn

22/11/49



\/ISCOSILY,

Crude oil (60 °F)

Water (60 °F)

Shearing stress, T

Water (100 °F)

Air (60 °F)

Rate of shearing strain, ‘;—"'
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\/ISCOSILY,

|

Bingham plastic

Shear thinning

Newtonian

Shearing stress, 7

«—She?r thickening
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Commoen fitid suchras
water;, ol andialiFthe
Sshearng sthessiand the
rate ofi Shearng sthainican
be related with a
relationship; off thefonrm

u is called the
absolute viscosity,
dynamic viscosity, or
simply viscosity.

[13] AR AT LFUNAH qAnNe

« Eluidiforwhich the
ShEeaking SthessIS
not linearly related
to the rate of
shearing strain'are

designatedasinon-
NewLerIanitGEss

; . odu
Rate of shearing strain, dy

o 4 = 7 - o '
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\/ISCESILY

+ Dynamic ViScosItyAis the fitidipropErtyAthHat
relates shearing stress andfiuid moetion

+ The various: type off non-INewtonian Huids

are distinguished by how! thelFapparent
viscosity chamnges with shear rate:
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\/ISCOSILY,

nlepleitle iseosity 15 defined =5 the

ratio off the albselUe VISCOSILYAtorthe
fluid density.

v
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Compressivit eiRFENEs

+ Bulk moedulus

dp

E — _ .
AV

Where dpis the differential changein

pressure needed to create a
differential change in velume o\~
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