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FLUIDS MECHANICS AND FLUID PROPERTIES
Bilal Ahmad Malik
Department of Mechanical Engineering,
Techno Global University, Meghalaya.

Email: bilalmalik15@gmail.com

Introduction

What is fluid mechanics? As its name suggestsh&sdranch of applied mechanics involved with tta¢ics and
dynamics of fluids — each liquids and gases. Thadyars of the behavior of fluids relies on the basw of
mechanics that relate continuity of mass and enertfyforce and momentum in conjunction with thejaainted
solid mechanics properties.

Objectives

Outline the character of a fluid.

Show wherever mechanics ideas area unit common thitse of solid mechanics and indicate some
elementary areas of distinction.

+¢ Introduce viciousness and show what Newtonian amdNewtonian fluids area unit.

% Outline the suitable physical properties and showdver these permit differentiation between sotid #uid
further as between liquids and gases.

X/
o
X/
o

Fluids
There are unit 2 aspects of mechanics that cretdtlly different to solid mechanics:

1. The character of a fluid is way totally differentit of a solid.
2. In fluid we have a tendency to sometimes agitatgicuous streams of fluid while not a starting or
finish. In solids we have a tendency to solely eamtlate individual components.

We unremarkable acknowledge 3 states of matted;dauid; and gas. However, liquid and gas arad aach
fluid: in distinction to solids they lack the fldoility to resist deformation. As a result of a utannot resist the
deformation force, it moves, it flows below theiantof the force. It's from cans modification insastly as long
as force is applied. A solid will resist a deforioat force whereas at rest, this force might causees
displacement however the solid doesn't still mowkefinitely.
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The deformation is caused by cutting off forceg Hws tangentially to a surface. Pertaining tofitpere below,
we have a tendency to see the force F acting taiafjgron an oblong (solid lined) part ABCD. This often a
cutting off force and produces the (dashed lined)jnbus part A'B'DC.

F_C’

We are able to then say:

Cutting off force, F, working on a fluid part.

A fluid is a substance which deforms continuously,
or flows, when subjected to shearingdsr

And conversely this definition impliesthital purpose that:

If a fluid is at rest there are no shearing foraetsng.
All forces must be perpendicular to the planes Wwilie arc acting.

When a fluid is in motion shear stresses areadevtloped if the particles of the fluid move relatto at least
one another. When this happens adjacent partiees totally different velocities. If fluid speedtisat the same
at each purpose then there's no shear stress pohdhe particles have zero relative speed.

Consider the flow in a very pipe during which wageflowing. At the pipe wall the rate of the watee going to
be zero. The rate can increase as we have a tgnttenmove towards the middle of the pipe. This rfiodtion in
speed across the direction of flow is understoodpe®ed profile and shown diagrammatically withia flgure

below:
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Speed profile in a very pipe.

Because patrticles of fluid next to every altermatarea unit moving with totally different velocgi¢here are a
unit shear forces within the moving fluid i.e. shéace area unit unremarkable gift in a very magvftuid. On
the opposite hand, if a fluid could be a good distafrom the boundary and every one the partialea anit
travel with an equivalent speed, the rate profiteils look one thing like this:

v
<

Speed profile in uniform flow

And there'll be no shear force gifts as all paggdhave zero relative speed. In observe we hasedency to area
unit involved with flow past solid boundaries; galemes, cars, pipe walls, watercourse channelsaatt.shear
forces are going to be gift.

Newton’s Law of viciousness

How will we have a tendency to create use of thasgervations? We are able to begin by consideriB® a
rectangular part of fluid, like that within the fige below:
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Fluid part below a shear force

The cutting off force F acts on the realm on thghbst of the part. This space is given by As=x6x. We are
able to so calculate the shear stress that is atketjuforce per unit space i.e.

F

Shear stressT = —
A

The deformation that this shear stress causes asuned by the scale of the angland is understood as shear

strain.

In a solid shear strain,is constant for a fixed shear stress
In fluid ¢ increases for as long ass applied — the fluid flow.

It has been found through an experiment that tleedmpf shear stress (shear stress per unit timhéime) is
directly proportional to the shear stress. If tlagtiple at purpose E (in the figure above) moveolethe shear
stress to purpos€ Bnd it takes time t to induce there, it's touctiedspace x. for little deformation we are able to

write:
X

Shear strain (1) = »
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Rate of shear strain ¢/y

RIS

X
Where? = U is that the speed of the particle at E.

Using the experiment result that shear stressoiggutional to rate of shear strain then;

u
T = constant X ;

u
The term — is that the modification in speed with y, or ttaée gradient, and should be written within the

y
differential typefl—;. The constant of quotient is understood becausedbéicient of viscosityu of the fluid,

giving

This is known adNewton’s law of Viscosity

Fluids vs. solids

In the higher than we've got mentioned the vanmeibetween the behaviour of solids and fluids bedavapplied
force. Summarizing, we have;

1. For a solid the strain is a function of the appk#ekss (providing that the elastic limit has been
reached).for a fluid, the rate of strain is prooral to the applied stress.
2. The strain in a solid is independent of the timerawvhich the force is applied and (if the elastic
limit is not reached) the deformation disappearemtine force is removed. A fluid continues|to
flow for as long as the force is applied and wik mecover its original form when the force |is
removed.
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It is sometimes quite easy to classify substansesther solid or liquid. Some substances, howedeeg, pitch or
glass) seem solid below their weight. Pitch whipaigh showing solid at temperature, deform andctieth over
days-rather than the fraction of a second it mgghin.

As you may have seen once staring at propertie®lafs, once the elastic limit is reached they appe flow.
They become plastic. They still don't meet the rdidfin of true fluids as they're going to solelpvil when a
particular minimum shear stress is earned.

Newtonian /Non- Newtonian Fluids

Even among fluids that area unit accepted asidltihere may be wide variations in behaviour bedbress.
Fluids obeying Newton’s law wherever the worthofs constant area unit famed Newtonian fluidsy Ifs
constant the shear stress is linearly keen aboegdsgradient. This is often true for many command§.
Fluids during which the worth qf isn't constant area unit referred to as Non-Neiatofluids. There is a unit
many classes of those and that they area unitggrintshort below.

These classes area unit supported the link betaleear stress and the speed gradient (rate of stnaax) within
the fluid. Their relationships may be seen witthiia graph below for many classes.

31 Bingham plastic
Pseudo ptast

Newtonian

Dilatants

Shear stress, T

Ideal, ¢ =0)

Ratesbkargu/oy
Shear stress vs. shear stafdy

Each of those lines may be represented by the ieguat

du\n

T=A+B(8y

Where A, B and n area unit constants. For Newtofiiads A = zero, B=i ,andn=1
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Below are unit temporary descriptions of the phgisproperties of the many categories:

* Plastic: Shear stress should reach a particular minimunrédéimv commences.

* Bingham plastic: Like the plastic higher than a minimum shear streisould be achieved. With this
classification n = one. An example is waste maltstialge.

e Pseudo-plastic: No minimum shear stress necessary angitimisness decreases with rate of shear, e.g.
mixture substances like clay, milk and cement.

« Dilatant substances. viciousness will increase with rate of shear guicksand.

» Thixotropic substances: A viciousness decrease with length of shear fregplied e.g. thixotropic jelly
paints.

* Rheopectic substances: viciousness is will increase with length of yound shear force is applied.

» Elastic materials: like Newtonian however if there's an explosive giaodification in shear they behave
like plastic.

There is conjointly a new — that isn't real, it sio€ exist — referred to as the best fluid. Thisften a fluid that is
assumed to own no viciousness. This is often aflilalpea once theoretical solutions area unit beimagught of —
it will facilitate accomplish some much helpful gbbns.

Liquids vs. Gasses

Though liquids and gasses behave in a lot of aivalgmt means and share several similar charatitsiishey
conjointly possess distinct characteristics ofrtb&mn. Specifically,

e Aliquid is troublesome to compress and infrequeatinsidered being incompressible. A gas is well
to compress and typically treated in and of it ehiainges volume with pressure.

« A given mass of liquid occupies a given volume aad occupy the instrumentality it's in and type a
free surface (if the instrumentality is of an oveed volume). A gas has no fastened volume; it
changes volume to expand to fill the containingseéslit’ll utterly fill the vessel therefore no &e
surface is created.

Causes of Consistency in Fluids

Viscosity in Gasses: The molecules of gasses square measure solelyedeibroken in position by molecular
cohesion (as they're up to now apart). As adjatamrs move by one another there's an eternal agehaf
molecules. Molecules of a slower layer move to kglidayers inflicting a tangle, whereas molecules/img the
opposite means exert associate degree accelefatms Mathematical issues of this momentum excbamilj
cause Newton law of consistency.

If the temperature of gas will increase the momenexchange between layers can increase so incgeasin
consistency.
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Viscosities also will amendment with pressure — é@wosv below traditional conditions this modificatios
negligible in gasses.

Viscosity in Liquids

There is some molecular interchange between adjégars in liquids — however because the molecsdgmre
measure most nearer than in gases the cohesiesfootd the molecules in its original place way enoolt. This
cohesion plays a very important role within thesistency of liquids.

Increasing the temperature of the fluid reducesttesive forces and increasing the molecularahterge.
Reducing cohesive forces reduces shear stresseagrcreasing molecular interchange will incresssar
stress. As a result of this complicated relatianithpact of temperature on consistency has ong tfithe form:

Ur = 4 (AT + BT)

Whereld,- is that the consistency at temperatif€C, and U is that the consistency at temperatdf€, A
and B square measure constants for a specific fluid

High pressures can even amendment the consistéreciiquid. As pressure will increase the relatimevement
of molecules needs additional energy thence camsigtwill increase.

Properties of Fluids

The property outlines below square measure gemergerties of fluids that square measure of intenes
engineering. The image sometimes wont to represenproperty is specified along some typical valueSl

units for common fluids. Values below specific ciimhs (temperature, pressure etc.) may be proniptipd in

several references books. The scales of everyalsutare giving within the MLT system.

Density

The density of a substance is that the amount ttemeontained in an exceedingly unit volume of shbstance.
It may be expressed in 3 other ways. They're agund

1. Mass Density: -Mass Densityp, is outlined because the mass of substance pevaloime.
Units: kg per kilolitre, metric weight unikg / m3 (or kg m=3)
Dimension:M L3
Typical Values:
Water = 100@8g m~3, Mercury = 1354%g m ~3, Air = 1.23g m~3, Lamp oil = 80&g m 3.
(At pressure 4.013 x 107> Nm™2 and Temperture = 288.15 K.
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2. Specific Weight:- specific Weighi», (sometimesr, and typically referred to as specific gravity)
is outlined because the weight per unit volume.
Or
the force exerted by gravity, g, upon a unit volushéhe substance.

The Relationship g and may be determined by Newton’s Second Law, since
Weight per unit volume = mass per unitwoé xg
® =pg
Units: Newton’s per kilolitreN /m3(orNm™3)
DimensionsML™? T2
Typical values:
Water = 9814'm~3, Mercury = 132948m~3, Air = 12.0Wm™3, Lamp oil = 785¥m 3

3. Relative Density
Relative Densityg, is outlined because the magnitude relation ofsnd@ssity of a substance to some
customary mass density. For solids and liquidsdabggomary mass density is that the most masstgensi
for water (which happens at 4°C) at atmospherespres
o=c (substances ( H20 at 4¢) )

0 = Osubstance/ o 20 at 4°C
Units: None, since a magnitude relation may bera pariety.
Dimensions: one
Typical Values: Water = one, Mercury = 13.5, Lanip=08.

Viscosity

Viscosity, , is that the property of a fluid, attributablecmhesion and interaction between molecules, tHatsof
resistance to sheer deformation. Totally diffei@rhpletely different} fluids deform at differenttes below
constant shear stress. Fluids with a high consigtiike sirup, deforms additional slowly than flumth an
occasional consistency like water.

All fluids square measure vicious, ‘Newtonian Fhiicadapt the linear relationship given by Newtolaw of
consistency.

T = ug’;, wherever is that the shear stress,
Units:N m™2; kgm™1s2
DimensionsML™1T 2

Z—; Is that the speed gradient or rate of sheamstaaid has, Unitsadians s~2 , Dimensions t 1
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wis that the ‘coefficient of dynamic viscosity”

Coefficient of Dynamics Viscosity

The constant of coefficient of viscosity, is outlined because the shear force, per unitesg@r shear stress,
needed to pull one layer of fluid with unit speestpanother layer a unit distance away.

du  Force  Velocity — Force XTime _ Mass

H= T@ ~ Area ' Distance Area ~ Length X Area
Units: Newton second per square mekes,m~2 or Kilograms per meter per second.

(Although note thaf is usually expressed in Poise, P, wherever TesePoil metric weight unit m).
Typical Values:

Water = 14X 103 kgm™'s™1, Air = 1.78 x 1075 kg m~1s~, Mercury

= 1.552kgm~1s7, Paraffin Oil =19 kgm~1s71,

Kinematic Consistency

Kinematic consistency, v, is outlined because thgmtude relation of coefficient of viscosity to ssadensity.

V= =
P

Units: sq. meters per secoma? s~1
(Although note that v is usually expressed in Sspl&t, wherevet0* St = 1 m? s71)
DimensionsL?T 1.
Typical Values:
Water = 1.14 X 107 m?s™1, Air = 1.46 X 107> m2s~1, Mercury = 1.145 X 10~* m?2s71,

Lamp oil = 2.375%x 1073 m?s™ L.
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