Aftor studying thiz chaptor, the studonts will be ablo tec 13

Distinguish betwsen the structures of crystall ine, amorphoss, and polymerc solds, ,_f'_-'; :

Describe thet deformation of aoiids In one dimension [That It |3 caused by a 1‘9@ ahd that n ang
gimension, the defonmation can be lansids or compressive.| e

Define anduysatheteme strese, grain end the Young's modubs 3N

Destribe an expariment i dedermine the Young's modulus of 8 mhmi:g.- —-

Describaand u=e the terms slastc tefmmmation, plastic Mhmmmﬂclmi!

Justify why and aoply the st thatthe aree under the force-axdansion graph representa the work done
Determine the eleskc potentisl energy of & metersl [That is ceformed within its fmit of
praporiional ity from the area under the foroe-extension graph. Also state and use Eﬂnlk_f for @
matarial defrmad wiihin btz Imbl of proponionality] ) =

Btete and useArchimades'principleand flotation |

Justify how ships ane engineered o Roatinthe sea

Define and apply the terms. steady (streamline.or Bminar} fow, incompeessite flow and non -
vizcous fow asapplied o the motion of anideal fuid,

Stete and e squstion of cortinuity to solve problems

Explin ihatsqueszingtha andaofa ruhEgﬂ:ibi rasLEsin incraasa in fiowwalooity

Justily that the squationof cantin s a Torm ofihe princl ple of consarvation af mass.

Justify that the pressura ¥ arisg from difierantrates of fiow of a fluid [Bamoulli effiect]
Explain end apgly mnum#ﬁ;ﬁunmnnmummwnmmﬁum

Explsir why raal fiuids are visoous flulds.

Describe how vlscous forces In a flukd causs anetarding force on an cbjact moving throughit
Desaribe supar fuidify [As fhe state in which a liquid will experiance zamo viscosity, Students should
kriorae thier irniplicertions of this sbebe e.g. this oflowa for puper fluids bo creep over e walla of containesn.
1o wmply’ lm It alzo impies that il you siir 8 supeuld, the vonticas will keep sginning
ndafinitatp]

Analyze s real-word applicatians of tha Bamoull sffact [For sxample, atormizars in perfume botties,
the swinglng trajeciony of a spinning ercket Gall and tha i of & sinming golf ball {the Magnus effecd),
Thausa of Venturs ducts In fitar pumps and car snginesrs to adjust the fiow of fluld, stz

] atenisls have spocific uses dapending upon thair characterislics and properties,

W 1such as hardness, ducliity, mallsability, elc. Whal makes a melal hard end olhar
soft? K depends upon the strusiure, the particular order and banding of atoms and
mclecules in a material. Similarty, the study of fluids in motion ie relatively complicated
bul analysis can be simplified by making a few assumptions. The analysis is further
simplifiad by the use of two Important conservation principles, the cansarvation of mass
and conservation of energy. The law of conservation of mass gives us the equaltion of
continuity whie the law of conservation of snergyia the baas of Bermoulli's equation.
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51 CLASSIFICATIONOF S0OLIDS F i for your information ||

Crystalline Sollds

In crystalliine solids, them is a regular arrangement of atoms
and moleeules. The nelghboure of every moleculs are
arranged in a regular pattem that is consistent throughout the
crysial. Thera is, thus, ancrdared siruchura in crystaliine aolids.
Most solids, ke metals and ceramics have a crysialline
atructure. Thia means their atoma, moleculss or ions are

arranged In a regular paftern. The arangement of xg:.w
molecules, atoms or ions within all types of crysialline solids {';)
can be studied using various techniques such as X-ray 'C‘*

Diffractlon (XRD) and Transmission Electren Microscopy ‘:"
{TEM). It should be noted thet atoms, molecules orions ina
cryataliine solid are not atatic. For axampie, aach stom in 5
erystal vikrates aboul a fixed point with an amplilude. thel  Glessy and crystaline-salic-
increases with rise in temperature. If is the average alomic 51 and longrange andar
posificna which are perfectly ardered over large distances, 1 For yaur mdermation |
The cohesive forces between atoms, molecules or jons in  Sedumisn
crysialline solids maintain the sirict long-range order inspite of A
atomic vibrations. For every crystal, howaver. there s a ‘df :
tempersture st which the vibrations become greater that the ] - e
structure suddenly breaks up, apd the solid mels. The - h-i""r-% :
traneition from =clid {order) to liquid (disorder} s, therefore, L:j-
abrupt or discontinucus. Every crystalline solid has a definite
malting pointe.g., Quartz, Gakeite, Sugar, Mica, diamond, elc.
Amorphous or Glassy Solids Kall crywtad battica

The ward amorphous means without form or structure. Thus, in amorphous salids there
Is no regular amrangamant of molecyles llka that In ¢rystalline sollds. We can, therefors,
say thatamorphous sclids ars more like liquids with the disordered structurs frozen in.
For exampls, ordinary glass, which is a solid at ordinary temparaturs, has no regular
arrangemeant of moleculss. On heating, it
gradually softens into a paste ke state
before it becomes avery viscous liquid at
almost BOOC. Thus, amorphous solids
are alao called glassy solida. This type of
solids has no definite meling point e.g., . ¥ T
plastic, glass, fused silicon, etc. Crystalling sollds
Polymeric Solids

Polymers are solid materials with a structure that is intermediate beiwean order and
disorder. They can be classified as partially or poorly erystalline solids.

Amcrphous sallds
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Polymers formn a large group of naturally ccocurring and synthetic materals. Plastics and
synthetic rubbers are termed as polymers because they are formed by polymerization
reactions in which ralativaty simple moleculas are chamically combined into massive
long chaln molecules, or three-dimensional structures. These materials have rather low
specific gravity compared with even the lightest of melals, and yet exhibit good strength
i [Tt pouriformationf |
Polymers consist wholly or in part of chermical combinations of
carbon with oxygen, hydrogan, nitrogen and other metsllic or
nan metallic elements. Polythene, polystyrene and nylan, et
are examples of polymers. Natural rubber is composad in the
pure siate entirely of & hydrocarbon with the formula {C.H,).

52 MECHANICAL PROPERTIES OF SOLIDS
Deformation In Solids

I we held a sofl rubber ball in our hand and then squeeze it
the shape or volume of the ball will change. However, if we
stop squeezing the ball, and open our hand, the ball willreium
to Its original spherical shapa. This has been lustrated
schematicallyin Fig. 5.1.

Similady, i we hold two ends of 3 rubber alring-in our hands,
and meve our hands apart to some extent, the length of the Fig.5.1:

string will increase under the action of the applied force I:I‘.' Déhr;r::ummh;gar o
axariad by our hands. Greatartha appliac forca, larger will ba { J,&em s £ by His
the inorease in length. Now on removing the appliedforce. the  hand

string will retum to its original langth, From these examples, it ¢ E‘:E:" EU AN RO
is concluded that deformation (i e, change in shape, length or

volume) s produced when a body |5 sublectad to soma gg
external force.

In crystalline solids, atoms are usually arranged in a cedain
order. Thege'atoms are held about their equilibrium pozition, gg

which depends on the strength of the inter-atomic cohesive 2

forcs between them, Linder the infilenca of axtemal torce, {1} Ui ool unser ol teard

{2} Unatretchid Link cell

distortion vocurs in the solid bodies because of the Saatg doics,
displacemeant of tha atome from their equilibrium position and

the body is said 1o be in a state of siress. After theremovalef o S0 L
axtamal force, the atems retum 1o thelr squllibrium position, appiie foroe

and the body regains its original shape, provided that external

appliad force was not too great. The abilty of the body to ol

retum to ils original shape iz called elasticity. Figure 5.2, f) Uit £l aftor mamceing
illustrates deformation produced in a unit cell of a crystal NERl i
subjected to an external applied force. Fig- 52
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§.3 STRESS, STRAINAND YOUNG'S MODULUS

The results of mechanical lests are usually expressed in lemns of stress and strain,
which are defined interms of appliad force and deformation.

Stress

It is defined as the force appiied per unit area to produce any change in the shape,
volume or length of a body. Mathematical y, it ia expressed as:

Force {F) . (5.1

Area (A) o
The S unit of stress () is newion per square metre {N m®), which is gf\rm the name
pascal (Pa). Stress may causa a changs in langth, volums and shapa, When 2 strass
changes length, it is called the tensils strass, when il changes thevelume, itis called the
violume stress and when i changesthe shape, it is called the shearstrass,

Strain o ________oeep

Sirein is 8 measure of the deformation of 2 solid when ‘_‘L.—
stress is applied to it. Intha case of deformation in ane
dimenaicn, strain is defined as the fractional change
in length. IT AL is the change in length and L .is the
original length {Fig. 5.3-a), thenskrzinis gwanb].r

Yoluma ¥
Strain () = S n9s MGnG AL %, ° (5.2) ;,’,u; i ;\5' Vel

Stress {0} =

Flig. 5 3{z): Tenzle gtrain

Original length (L) R ,ff V- AV
Since strain i the ralic. of langths, it s ' J
dimensionless and therefore, has no units. if strain ... iy
£is due to tensile stress o, it is called tensile strain, | . !

and if it is produced as a result of compressive slress E S T _‘_}]\F

o, itis termed a3 compressive strain. ™

In case when the epplied siress changes the volume,
the change in'volume per unit volume is known 85 E
volumetric strain as shown in Fig. 5.3 (b}, thus M oriakic siao

Vialumetric strain () = e e :

V. Ax A e—

Lely be the distance betwesn two opposite faces of a /
rigid body (Fig. 5.3-¢}, which are subjected to shear J

stress one of Its face slides through a distancs Ax, | % "Ny
thenshear strainis produced whichis isgiven by i
L

Ax
Shaear strain (y) = 7 =80 (2.4) Flg. 5.3(c): Shear sirain
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However, for emall value of angla 6. maasured In l Fox your InFaraation | .
radian tanf =0, sothal Altheugh It 1a named atter the 1917
y=0 (5.5) century Hrtish Bdentizsi Thames
Sk s A Young, the concestwas develops
Young's Modulus In 1727 by Leanhard Euflar.
Tha streas applied per unit atraln  Table 5.1: Elastic canstants for some materals
is called Young's modulus Matordal | Young's Bulk Shaor
m;m,-! ll;dulus !llnn-
1*Nm?  IPNmT | 10N
ie. Y= M Zominian | 70 70 a0
Tensile strain Borm 15 -~ BO
Hrass a1 B T
, EA S {&E] Concrate s --._"' .‘"' =
ALfL, Coppes "o 140 4
Diamond 24— |~ 540 450
It hag the same unit as that of stress i.e, Glas 55 L 23
N m* The value of Young's modulus of o2 _|\nd% £ 3
different material ia given in Table5.1. lead 1)\ 15 77 58
f - Meroury ] 2T ]
There are various methods to determine —gor 56 60 o
method iz Searle's method. Wil a 55 3

5.4 DETERMINATION OF YOUNG'SMODULUS OF A WIRE

Experimantally, the magnitude of Young's modulus for a
material in the form of wire sar be found aut mostly with
the help of Seare’s apparatug a3 shown in Fig. 5.4.

It consists of two wiras, refarance wirs and test wirs of
egual lengths of same material having same diametars
attached o a rigid support Both wines are connecied to
horizontal bars {frames F, and .} at the other ends. Hang
a constant-weight to the hook of horizental bar of

raferenca wira snd hanger on tast wirg 5o that wire  sut 3| Mcomtar
remains stretohed and free fromkinks. ovel (=7 1227 ocrow
Procedure ;:_“ Heale
The following procedure is adopted for finding Young's . wan

modulus of a wire exparimeantal iy, wight

1. Measura the Inltlal length L, of the wire using a metrs
scale.

2. Maasure the diamater 9" of the wira using a screw
guage. The dismetar should be measured at 2eversl Fig. 5 4: Beade's apparalus
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differeni points along the wire and lake average.

3. Adjust tha spirit leval ao that it is in herizontal pesition by fuming the micromatar,
Record the micrometer reading lo use it as Ihe reference reading.

4, Load the test wire with a further weight, the spirit level tilts due to elongation of the
testwira,

5. Adjust the micrometer screw o restore the spirt level in the horizontal position.
Subtract iba first micrometer reading from tha second micremeter reading to obiain

the exdension ofthe test wre .,, e — -
6. Calculate stross Bf:lf :?;?:{m from tﬁa iﬂl:;lm formula: o e und n_m-lﬁbﬂ Carrbars
= ! = _mg subjectad to asama forea. Which
S e A ne one will be stretahed more?
Strain= 2L - Change in length

L, Original lengih

7. Repest the above stepa by increasing load on teat
wire to obtein more values of stresses and strains.

8. Plotthe above values on stress strain graph, it should
be straight line. Now determine the value of slope Y.
Tha valua of slope |5 equal to Young's modulLis ofwire,

5.5 ELASTIC DEFORMATION, PLASTIC DEFORMATION AND
ELASTICLIMIT

In & tensile test machine, metalwire is extended at a specified deferrmation rate, and
stresses generated in the wiré during defarmation are continuously measured by a
sultable electronlc device fitted In the machanical testing machine. Force-glongation
dimgram or stress-sirain curve is plotied automatically on X-Y chart recorder, A typical
stress-strain curve for'a ductile materizlis shownin Fig, 5.5.

In the initial stage of deformetion, siress is increased =

linearly with the strain lill we reach point A on the - ﬂﬁn
siress-sirain cLirve. This is callad proportional limit (o).
It s definad 2& the greatest sfrees that a material ¢an
withstand without losing straight line proportionality
between stress and strain, Hooke's law which states
that ihe sirain {deformation) is directly properiional to
stress (farce or load) is obeyed in the region OA. From SBamin

Ato B, stress and strain are nol proportional. Flg. 55 GStoess-siraln cunve of g
Ly typlesl ductla matsdal.
Elastic limit e i

Ifthe load is removed at any point betwesn O and B, the curve will be retraced and the
material will rgturn to its orgingl state. In the region OB, the material is gaid o be

-

&

F

Shaes (i)
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elastic. The point B iz called the yield point. The value of siress at B is known a3 alastic
limit g,

Plastic Deformation

If the stross is Increased bayond the vield stress of glastic limit of the materlal, the
specimen becomes pemmanenty changed and does not recover its original shape or
dimension afier the stress is removed. This kind of behaviour is called plasticity. The
region of plasticity is represented by the pordion of the aurve from B lo C, the point Cin
Fig. 5.5 represents the uifimate tensile strength (UTS) o, of the materal. The UTS is
defined as the maximum siress that a meterial can withetand, and can be regarded as
the nominal strangth ofthe material. Once point © cormesponding io UTS iscroseed, the
mutirial breaks at poind D, respording the fracture shress {o).

Ductlle substances

Substances which undergo plastic defermation untl they break, are known as ductie
subsatencaes. Forexample, Lead, copper and wrought ircn aré ductile substancss.

Brittle Substances

The substances which break just after the elasticlimit is reached, are known as britfe
substances. Forexample, glass and high carbon stzel ane britle. Marsover, Beryllium,
Biamuth, Chromium are alzo britle metals.

7 Eneopie 5.1 [ Astes! wire 12 mmin tjﬂméber is fastened to a log and is then pulled
by & tractor. The length of ateel wire hﬂh-.‘uerr the log and the tractor iz 11 m. A force of
10,000 M Is raquired to pull the log: {}nlmlabn (a} the stress and sfrain In the wire,
{h}mwrrud'lduesthemmstretmwf'nenfhabgispuled?{E 200 x10° Nm™®)

Fo___10000N _ g 46 % 10°N m?
A 314(6%10°m Y

# sciman ) (@) Tensie mmi & e

Stress 8846 10PN m* =
Tensile sirein £ = — | - = = 200% 10 Nni
= E ﬂiSﬂ Strain Strain i
Btraﬁq EB 46 x 10°N m* = a e
j 200 = 10 N
0 AL : 4 3
{b) Using tke relation; Strain =r or AL =Strainx L = 44*10 x 11 m=484%x10"m

5.6 STRAINENERGYIN DEFORMED MATERIALS

When a body is deformed by a force, wark is done against elastic restoring force. It is
storad in it as its potantial energy and is agual to the gain in potantial anargy of the
malecules of @ body due to the displacement of these molecules from their mean
positicns.

Derivation of Expression for Energy Stored in a Stretched Material

Consider a matedal in the form of a spring as shown in Fig. 5.6. |{ is sirelched by a
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force F through extension x. As the exdension i directly

proepodional to the sirelching force within the elastic mit, *
therefore the force increases uniformly from zero to F as
shown In Fig. 5.7. Thus, the average forca that stretchas the
spring through x is1/2F, Hance work dons by the stratching
FromHooke'slaw  F = k{x) S O3
of
Therefore, W= [%k:r}.{x‘} =% k' sy

force will be given as:
Work done = Average force « Distanca in tha direction of theforce
WlFrx o GT)

or W = ArcaofOPQ

The work done by the siretching force is stored In the: Fig. 5.6
apring as its atrained enargy and is aqual to the potantial T
enargy atorad In ite molacules. r F

Sirained energy storedinthe body £= = =1, k¢~ (5.8)

T RN

The amount af work done in stretohing o malerial = equal to the
average forea applled multpllad by the diatencs moved. :
Thargfore, the area under B fnrun-upr.ginn graph represents the ' a
work done to sirsich the matedial, 'fiark dona ko strefch the meterislis o
alan squal to elsstic PE. siorad in the matedal.

w

X
Fig. 5.7

5.7 ARCHIMEDES" PRINCIPLE AND FLOATATION

An air<flled ballaon immediately shoots up to the surface when raleasad under the
surface of water. The samewould happen if a pisce ot wood is raleased under watar. We
might have noticad that a mug filled with waler feals light under water but Teels heavy as
s00n a8 we iake it out of water.

Mare than two thousend years age, the Greek scientist, Archimedes noticed thet there
ie an upward force which actz on an object which iz kept inside & liguid. As a result, an
apparant reduction inwaight of the objec is observad. Thig upward forca acting on the
objectis called tha upthrust of the liquid, Archimedes’ principle statss that;
When an abject is Dtally or partially immersed in a liquid, an
upthrustacis on i equal to the weight of the fluid [ displaces
Consider a golid cylinder of cross-gactional area A and haight A immerszed in aliquid as

shownin Fig. 5.8. Let 1, and A, be the depths of the lop and boltom faces of the ylinder
respectively from the surfece of the liguid. Then
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e g
oy 1
If P, and P,are the liquid pressures at depths &k, and h, T m, 3
raspectivaly and p is its denaity, then using equation ¥ 5
£=pgh ofliquid pressure at height A: e
Prooh %
and Px - Pghé F, '“FE
Laitha forca F, ba axertad at the top of cylindar by the
llquid due to pressurs 7, and the force F. bo axertod G
at the botten of the cylinder by the liquid due to P, =
Then F,=P,A=pghA Fig. 5.8 Uplhrdel on o body
immersad In 3 liquid Is squal e
and F,=FA=pghA the weigtiof the liquid gisplacad.

F, and F, are the forces acting on the opposite faces of the cylinder, Therefore, the net

force F will be equal to the difference of these forces. This netforce £ on the edinder s
called thaupthrust of the liguid. Henca

'F:I_F'l - PQH:A—PQ'EA

i --_iFnr;mwi;rrmunu.im:_ -

= pgAn— ’}"{E“IDJ Archimades was bom about 287 BC,

o in Syvacusa on Lhep bgla nclof Siciy. Ho

or Upthrustof liquid = pgAh wae klled by 2 Raman soldisr aflar

he refised to leave his mathematical
Upthrust = pgV' ... F e T LR work.

Hara Alris the volums Vol the cylinder and s equal to the voluma of the iquid displaced
by the cylinder, therefare, pg\fis the waight of the iquid displaced. This agualion shows
that an upthrust acts on 2 body immersed in a liguid and is equal to the weight of liquid
displaced, whichis Archimede's principle.

| Exnmpie 52 || Awoaden cube of sides 10 ¢m each has been dipped completaly in
water. Caloulats the upthurst ofwater acting on i,

W sonstion .\ Glvan

Length of side L =10em=01m
Volums Vo= "= (04 mfP=1x10"m°
DEHSIWE" water p= 1600 kg m’ I_ -ﬁmt-rj {eaner ]
Upthrust F=7 Why doas a ship made of
Using Archimade's principle m:’:mlmﬁgm
Upthrust of water =pgV

=1000kgm* x88me* x1x10°m' =58N
Thus, upthruat of water acting on the wooden cubes is 8.8 B
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Floatation

An object sinks into a fluid if its weight is greater ihan the upthrust acling on it. However,
an object floats if ils weightis egual or less than the upthrust, When an object loatsina
fluid, the upthrust acting on it is equal fo the weight of the object In casa of floating

object, the object may be partially immersed. The upthrust iz abways equal Lo the weight
of the fluid displaced by the obijsct This is the principle of floatation. It states that:

& floating object displaces a fAuld having weight squal o the waight of the objsct.
Archimedes' principle is applicable on liquids as well as on gases, We ﬂﬂd numamus
applications of this principle in ourdaily life.

Applications

Fallowing are someimpartant applications of Archimades’ principle.
1, Hot-airballoon

The reason why hot-airballoons (Fig. 5.9) rise and floatin mid-airis
bacause of the density of the hot-air ballooh Is lm than the
surrounding air. When the upthrust of the surmou ndadgirrs Mg, It
starts to rise. This is done by varying the quantity of hot air in the
balloon.

2. Woodan block floating on watar -

Awooden block floats on watsr. It is because the
weight of an equal volums of water js greater than
the waight ofthe tlock, According to the principls of
floatatian, & body ficats if ils displaced water is

complately rnmarsed mwﬂar
3. Shipsand boats

Ships and boats are designed on the same &
principle of floatation. They carry passengers and
goods m_rar_lﬁa‘ﬁér. It would 2lnk In water If Its total
weight becomes graater than the upthrust of water,

4, Submarine

A submarine can travel over as well as under
water using the same principle of flcatation.

It floats ocwver water when the weight of water
equal o its volume is greater than its weight.
Under this condition, it is similar to a ship and
ramaing partially above waler level. It has a
systern of tanks which can be filled with and _
emplied from seawater. Whan thesa tanks ara  Flg.510 (b Submarine
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filled with seswater, the weight of the submarine increases. As scon a3 it weight
becemes greater than the upthruet, itdivas inlo water and remains underwaber. To come
up on the surface, the tanks are made amply frorm seawater.

| Exampie 53 [ An empty meteorclogical balloon weighs BO N. Itis filled with 10 cubic
metres of hydrogen. How much maximum contents the balloon can it besides its own
waight? Tha density of hydrogan ia0.09 kg m*andthe density ol siris 1.3 kgm™.

Ucisionll Givon:

Walght of the balloon w = 80N
Volume of hydogen =10m’
Density of hydrogen p, = 0.00 kg m"
Dansity of air P = {13kgm’

Weight of hydrogen  w, =7
Waight of the contenta w, =7

Upthrust F = Weight of air dispiaced
=pgV A
=13kgm x 9.8 m s x 10 m’
=1274N
Welght of nydrogen ~ w, = Vg
=0.09kgm ' x 10m*'x 2.8 ms”
. =882N
Total weightlited " F = w+w, +u,
To lift the contents, ﬂ}qtpﬁkﬁgﬁltnfﬂm halloon should not axceed F
Thus h‘+ w, tw, =F
JBON+B82N+w, =1274N
or ) w, =3858N

Thus, lhl!'rr-i;i.imm weight of 38.58 N can be fied by the balloon in addition to its own
weight.

5.8 STEADY, NON-VISCOUS AND IDEAL FLUID

Maoving fluids have greatimportancs. In ordar to find ths behaviour of tha fluid in motion,
we consider their low through the pipes. When a fluid Bsin motion, its ow can zke place
in two ways, eithersmeamline orturbulent.

Stroamline or Laminar Flow
The flow is saidta be streamiins o laminar fow.
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If svary particle thel passes a particular point, moves along exactly the
same paih, asfollowsd by particies which passed that pointa sarlier.

In a steady flow of a fluid, the motion of the particles

is smooth and regular, as shown in Fig. 511 The T

smooth path fallowed by fluid parficles in laminar

flow iz called a streamline. The sireamline may be _.....___—a..—""'f.—
tha straight or curved and tangeni to any paoint -

gives tha direction of flow of a fluid, Tha difierant  Fig: 5.19: Streamiines {laminar fiow)
stregmlines cannot cross each other.
Example: Afluid flowing In a pipe &s shown in
Fig. 5.12 will have cerain velogity v, at P, a
velogily v; at G and =0 on. If the velocity of a
particle of the fluid at . Q and R does not e
change with the passags of time, {han the flow . i D el Gl

is mﬁmmmﬂymﬁmm“ﬂm B i s

The line PQR which represente the palh followed- by the
particle is called 8 araamline. It reprasents the fad path 4
followad by orderly processing particles. (n streamiine flow, all

the particles passing fhrough P also pass through G and R. It
maansthat two streamiines cannot cross éach othar.

Turbulent Flow

The imegular or umhadﬂaw of ;

the fluid is called turbulent flow. e i i
Abova & certain velocity of the fluld flow, the motion of the Bl
fluid becomes unsteady and irregular. Under this '

condition, the velocity of the fluid changes abruptly as

shown in tha Fig. 5.13; [n this casa, the axact path of the

particles cannot be considered.

If two etreamiines croes sach other, then the particles will

go in oneor in'the other directions and flow will not be a E‘

steady flow. Such a flow is @ turbulent Now. When the oW Fonia One reding car havs &
is unsteady or turbulent, there are eddies and whirlpools  stresmiined design.
in the molion and the paths of the particles are
continucusly changing.

Ideal Fluld

The behaviour of the fluid which safisfies the following
conditlons |s callad ideal fluld:

For your infermation s [

G . 4 g o Crolphire have sreaminad bodles
1. The fluid is non-viscous i.e., there is no frictional e ::mmﬂlmmm I waler,

force betwean adjscant layars of tha fluid.

e R R R S+
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2. Thelluid isincomprassiblei.e., its density is constant

3. Thefluid motion is steady.

Rate of Flow

The rate of flow of & fluid through & pipe is the velume of
the fluid passing through any section of pips par unit time.

Formula For Rate of Flow

Consider a fluid lowing through a pipe of area

of cross-section A as shown In Fig. 5.14, Lat | | 41 | AL
the velagity of the luid be vand it fows through y A -_/}
the pipe for time £, then the distance coverad by -
the fluidin ime is: ¢

Fig. 5.14: Rate of Bow.of 2 ligud
e 8 f e q

whera Fis the length of the pipe through which the fluid passes’in ime { Volume of the
fluid passing through the pipe in time §, is:
Axi=Avt

Thus  The rate of flow of the liquid = %

= f_’l-‘_f' = Av
t
Rate of flow “=Av.......... {512)

In S| units, it is maasurad in cubic matre per sacond (m* 5”'). Sometimes, it is also
maasured in litras persocord (Ls').

Steady Flow

if the overall flow paltern doss not changs with time, the flow ks called steady flow.
In steady flow, avery caricle ofthe fuid follows the sama flow line a8 its previous particle.
58 Eﬂﬂ#ﬁﬂﬂ OF CONTINUITY

Statement

The product of cross-sactional area of the pipe and
the fluid speed {i.e., Av) at any pointalong the pipe
is a constant. This constant is equal to the volume
flow parsecond of tha fluid or simply tha flow rate.

Molume
Time
Consider a fluid fiowing through a pipe of non-uniform size, 78 5.15: Steady flow of a fuid

Thus Av = Conslant =




“'. Pl 1) .' w = Chapis -! 561'-d'.-4rﬁl'r_u':ﬁ t‘}:gl‘-el'r-l':t--:"'
Tha particles in the fluid mowve along the same lines in & steady state Nlow as shown in
Figs.15.

Ifwe consider the flow for a short interval of time At, the fluid atthe lower end of the tube
covers a distance Ax, with a velocity v, , then distance covered by the fluid is:

A =V e {5013) B == Tl
LatA, be the area of cross-section of the lower end, then Eulw_ DM:&'IHFG the l::anthml{.y
volume of the fiuld that fiows Intothe tubs at A, Is: :T;"F:f;;“ m?zm‘:
or ¥ o= Avat

If p, i= the density of the fluid, then the mazz of the fiuid containad in the shaded region
{through A,)is:

Am, = Veluma = Denaity
or A= A A = p.
Similady, the mass of the fluid that moves with velocity v; through the upper end of the
plpa having crogz-gactional area A . Intha eame ime Aflz givan by

Am, = AV, 4l % p,
where n, is the density of the fluid lowing outthrough A  and Am , indicates small mass.

if the fluid |= incompressible and the flow s steady, the mass of the fluid is conserved,
Thatis the mass Nowing into the boltom of the pip= through A, in 2 lime A mustbea equal
te the fiuid flowing cut though 4, in the same time. Therefore,

FLY T O 1% )
So A AlX p= Ay AfX g,
or A,Vf_'ﬂ; = AN P B 1Y

Equation (5.15) s called the sguation of confinuity. Sinca density k& constant for the
steady flow uﬂnmmpfesmhle fluid, therefore, the equation of continuity becomes:
AV, =ANs.... oer[5.1B)

Equation (5. 15‘} slales that in alea:iy Now, the rate of flow of the uid inward is equel 1o
the rate of flow of the fluid cutward.
This equation jusiifies the conservation of mass of the Nuid which is fiowing through
aplpe.
| Sxampie 54 | Awater hosa with an intemal diamater of 20 mm at the outiet discharge
30 kg of water in 80 s. Calculate the watar spead at the outlel. Assume the density of
water is 1000 kgm™ and its flow is steady.

Intemal clamatar of water hose 2 =20mm =0.02m

seion] Radius r= D o 0.02 m =u.u1

=T
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Mazs ofwater m = 30kg il Tadbiks i
Time taken { =60s . .
Donsity of water p = 1000kgm®
Spaed of walar y= 7
Mass flow per second m/f = 30kg/80s
= D5kgs"
Cross-sactionalarea A = nr’ '
=3.14 x({0.01 my T
L3 ' w
=314 x 10" m’ crea s rss sarlicnal
. ) areadoe a6 mardssad by the
From equation of continuity, the mass of water  continu o
dlzcharging persscond ihrough area Ale: =
pAv = Mass/Second ﬁ-ﬁ" yoiu informtion ) I
- The" eqguation of continuity ia
y = Mess/Second .\ appedto:
pA ) blood flowln aredes and veins

0.5 kg ;.1: I\x_ iy watter flow insivers and pipes

=‘|Dl'.lﬂ kg m* x}ypm* o :’rﬂtmm duct and ventilation

) W

w \.f’

=16meg .

5.10 INCREASEINFLOWVELOCITY

We can increase the flow velodity of water in a rubber pipe by syueezing il. When we
squeeze the rubher pipe, we dacraase the cross-sactional area through which the water
flows. According to the equation of continuity,

A=A
whara A is the cross-sactional area and vis the flow velocity. By decraasing the cross-

soctional arga (A, < A ), the velocity of tha water (1) must Increase to maintaln the same
flow rate. Therefore, squeezing the rubber pipe increases the fiow velocity of fluid.

5.11 BERNOULLI'S EQUATION

The sum of prassure, K.E. per unit volume

and PE. per unit volume of an ideal fluid gﬁ

Athroughoutits steady low remains corsiant >
As the fiuid moves through a pipe of varying cross-
section and height, the pressure will change slong
tha plpe. Eemoulll’s equation Is the fundamental : ;
aquation in fluid dynamics that relates pressure to S T e SpReon Moler sperng

from the end of & gamlen hose incresses
fluid speed and height. a5 the: hose i squeeszed with the thumb,

e e e S %
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In deriving Bemoulli's equation, we azsumethat the fluid is ncompressible, non-viscous
and fleews in & steady state manner. Let us consider the flow of the fluld through the pipe
in tirne ! as shownin Fig. 5.17. e

-
The forcs on the upperendof & 1
the fluid is PA, where Fisthe g [ | |
pressure and A, is the area of | %
cross-seciion stthe upper snd.
The work dons on the fluld, by
tha fluid behind it, in moving it
through s distance Ax,, willbe:
W, = Fhx, = PAAx,

Similarly, the work done on the

fluid althe lower end is: Flg. 547 An ideal flow ufﬂuidk:qﬁgﬁﬁ & non-unifam
cross-saction pip al different s
Wim- bt =P P s dierent it

where P, is the pressure, 4, is the area of cross-section of lower end and Ax. is the
distance moved by the fluid in same tima interval . The werk W, is takento be -veasthis
wiork is done against the fiuid force. The nat work dohewill ba:

W= W, + W,
or W= PAAK, - PoARR, v (81T
Ifw, and v, arethe velocitiss at the upper and lower ends respactively, than

- Rﬂ&vﬂt -Z Hraln teaser ’_-
From equation of continulty; Hiwe s e shinges ot s cas vl

Ay, =Aw l". hfar.bﬂl relae to Bernouli's

Hence Aviis= A;vz =V {volums) o
So 3 WSE -BIV. s BAR)

If m s the mass and p is the densily, then v = %. So, Eq. (5.18) becomes:
“\ m
W=(F-Pls e (3.19)

A part of this work is utilized by the fluid in changing its K.E. and & part is used in
changing its gravitational PE.

Changs in K.E. = AK.E. = %my: - %mvf R Ry
Change In RE. = ARE= Mgh, — MG, . .cvveeemes s e veseee {521}

where b, and f; are the heights of the upper and lower ends respectively.
Applying tha law of conservation of anergy to this voluma of the fiuid, we have
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Reamanging Eg. (5.22), we have

Fi+%p‘-ff +pgh, =B +%pr +pgh,

This iz Barmoulli's equation and iz oftan axprassed as:

(P =P, mvy' +mgh, —mgh, .....(5.22)

P +% pv? + pgh =constant

|

5.12 USES OF BERNQULLI'S EQUATION =Dk

Anumber of devices operate by means of pressure difference that msuﬂs'imm chanpges
in the speed of the fluid.

1. Aeroplane Wings

Uplifting of an aeroplana is tua to the designing of
Its wings, which defiect the alr 5o thal streamilnes
are closer togather above the wing than below it as
illustrated in Fig.5.18. We have seen that where
the straamlinez are forced closer togethar, tha :
speed is faster Thus, airis travelling fastér onthe Flg. 5182 Lt of 2n acroplang
upper side of the wing than

on the lowear. The pressure wil ba lowarat tha top

of the wing, and the wing will be forced upward and Deflacson force
the lift of an aeroplans is dus tothia effect,

2. SwingofaBall

When a bal is thrown or kicked with spin or the = -
ball is mads smoother 0n one sitde by the bowler = -
and remains rough on the other side, the air = B
movas fastar evar rough sids and slows overtha -~ .-
smoothar {Flg. 5.13). According to Barmoulll's = ~ Blewer a3,
equation, the faster moving air creates lower présaire
pressure, while the slower moving gir creates

higher pressure, thie pressure diffarance Gpanning ball
ganerates a sideways force, known as Magnus . -
effect which causes the ballto curvesin the air. S

3. Filter Pump Fig. 5.18: Turbulent flow

A filter pump has a consiriction in the cenire, so that a jet of water from the tap flows
fastor harg. This causas a drop in pressure near it and air, therafore, flows in from
the side fube. The air and water together are expelled through the lower part of the
pump (Fig. 5.20).
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WWisher
,’ A Tow
e
Fig. 5.01: . 5.22: A stream of s passi
Figz. B.20: Turbubent Fow Carbunstor of an engine mamaliﬂh‘ﬁquﬁ. o
Ny

4. Carburetor

The carburetor of a carengine usss a Venturi duct 1o fead the comect mixdurs of air and
pairal to the cylindars, Air is drawn through the duct and-along a pipe 1o the cylinders
(Fig. 5.21). Afiny inlet at the side of duct is fed with petrol.

The air through the duct moves very fast, creating low pressurs in the duct, which draws
pelrol vapours into the airsiream.

3.  Paint Sprayer
A gtraam of air passing over a tube dipped in a liguid will causs the liquid to rise in the
tube as shown in Fig. 5.22. This effect is usad in parfume bottes and paint sprayars.
Actually when the rubber ball of atomizer Is squeszed, the alr Is blown through tube ang
it rushes out through the narmrow aperture with high speed and it causes Tall of pressure.
So, the atmoapheric preasura pushes the perfume up leading to the narow aperture.

6. VenturiRelation

Consider a pipe within which a fiuid of density p is
flowing through different areas of cross-sedtion
as shownin the Fig: 5.23.

LelA, be the cross-seclional area at wide endand
A, be the cross-sectional area at namow partion:
Suppose that v, and v, be the flw spoads at the
wide and namow porfions respectively. Pressure
F, and F; indicate the liquid pressure at both

the parlions by connecting tha |limbs of the  Fig 523 Veniur meter
manometer

Ag the pipa is placed horizontally, therefore, we considar that average potential anargy
i the same: at both pleces while using Bermoull's equation.

Thus, Barnoul Fsequation can be writtenas:
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T 1 %
BhgPh = =g [T intaresting infarmation] §
o - P—-i it 1 v It I= claar from the rasull of
fie S e TR Barmoulile Equation for hordzental
1 pipe hat whers epeed & high, the
or P-B mop(t-v?) e {528) praasure will be law'.
2 Mathematically,
Fram tha equation of continuity:
o ¥ H%ﬂﬁ- constant
Ay = Aav
Auvg
or = ——
1 A1

As the cross-sectionsl area A, is smell as compared o the area A, asis clear from the
figure, i.e. A, < A,. So, v, will ba emall as compared Lo v,. Thus, the speed of the fluid is
vary siow in wider poriicn of the pipa as compared ta tha narrow partion, So, we can
naglect v, on the right-hand slde of Eq.{5.23). Hanca

PP, = %pv: PP T T Y

Thig Is known as Vienturl relation, which is used in veniuri metar, a device used to
meaasure spaad of liquid flow,

s Torrlcelll's Theorem

A simple application of Bemoulli's eguation is
shown in Fig. 5.24. Supposa a large tank of fiuid
has twe small orifices Aand B on [t. Let us find the
speedwith which the water flgws fromthe orifice A,
Since the orificas are so small, the efflux spaeds v,
and v, will be mugh larger than the speed v, of the
top suface of water We can therefore, take v, a5
approximately zero. Hence, Bemoull's aquaticn
can ba writtan 4.

Bt pan =Rt Sot t oot mgsas
But P, = Py = Almosphesic prassure FmIEreinie Sl A .
Therefore, the above equation becomes:

V= J2GU = B (5:25)

Thiaia Torricslli'a thecram which stales that;

The speed of efflux is equal lo the velocity gained by the fuil in
falling through the distanca (#, - .} under the action of gravity.
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Notics that the spaed of the efflux of liquid is the same a5 the speed of a ball that falls
through & height{f, - fi;). The top kevel of the tank has moved down a litle and the PE.
has bean franafarmad into K E. of the efflux of fluid. If the orifica had bean painted upward
at B as shown in Fig.6.4, this K.E. would allow the liguid to risa to the level of water tank.
In practice, viscous-energy losses would alterthe result to some extent

5.13 VISCOUS DRAGAND STOKES' LAW Fer Yaur Information
Viscoailies of Liquids

The frictional effect between different lavers of a flowing fluld _ and Geses at 30°C
is described in terms of viscosily of the fluid. Viscosily  waterial m‘;ﬁ:ﬂr 8
measures, how much foree is required to slide onz layer cf the Ar T —o.010
liquid ovar enother layer. Substances that do not flow sasily, .0 | gaes
such &3 thick tar and honey, sic., havs large cosfiiclents of  pamanal’ 0.510

viscosity, usualy denoted by Greek lettar 'n'. Substances penrens 0.564

which flow easily, like water, have small coefficient of Wter 0.801
viscosities. Since liquids and gasea have non Zero viscoaity,  Ethanal 1.000
tharefore, a force is required if 2n object is to be movad  Fleomn 1.6
through thern. Even the small viscosity of the air causes a  Siyesnn =3

large retarding force on a car as it travels at high speed. Fyou w
stick out your hand out of the window of 3 fast moving car, you

can easily recognize that considerable force has to be exerted
on vour hand to move it through the gir- These are typical
examples of the following fact.

An object moving through a fluid Hp&;mﬁnesa retarding force
called a drag force. The drag inrp&-lnueases g5 the speed of
the cbjectincreases. A

Evenin the simpies| cases, the exa:ivalue of the drag force is
difficult to calculate. However, the caze of a sphere moving
through a fluid is of grestimportance.

The drag force F oh a aphere of radius r moving slowly with
spaad vthrough a fluld of viscosity n s glven by Stokes'lawas
under;

S BRI G s i {5.26) Achimney works bestwhen i

However, at high spesds the force Is no longer simply Em":h&“ﬁxﬂ

proportional o speed. pressureatthetop and forces
5.14 TERMINAL VELOCITY kbbbl

Consider a water droplet having radius rauch as that of fog falling varically, the airdrag
on tha water droplat incraasas with spesd. Tha droplet aceslarates ranidly under the
ower powering force of gravity which pulls the droplet rapidly dowrnward due to foroe of
gravity. Howewver, the upward drag force on it increazas as the speed of the droplet
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increasas. Tha nel force on the droplelis
Mat force = Walght - Drag force ..o oeevveee, (B.2T)

As tha spasd of the droplat continues to incraase, the drag force eventuzlly approaches
the weight in the magnilude. Finally, when the magnitude of the drag force becomes
equel to the weight, the net farce acling on the droplet is zero. Then the droplet will fall
with constantspeed called terminal valotity.

To find the terminal velocity v, in this case, wa usa Stokes' law for the drag force.
Equating it o the weight of the drop, wa hava

0= mg=8Bmmry,
The mass of tha dropkst Is pV, whera V =% o r s the velume of thae sphere.

Substifuting above values in the Eq. {528}, we have

2arp
H'* =T ww ek
| Example 5.5 [ Aliny water droplet of Wc_ii’ﬁﬂ-ﬁ.ﬂm em descends through air frem a

high building. Caleulate its terminal velocity. Givan that y for air= 18 10° kg m" s"and
density ofwater p=1000kg m*. "

) Sotution -
r=10x10"m, p-_‘_lﬂﬂ‘ﬂ-'kgmd‘ n=19x10" kgm's’
Pulting the above valussin Eg. (5.29)
_2%88mE X (1010 m] x1000kgm™
. Bx18x10%kgm s’
Teminal w@g&?ﬂ Ams’,

5.15 REAL FLUIDS ARE VISCOUS FLUIDS
Ideal fluid

It is a fluid that does not have viscosity end cannot be compresaed. This type of fluid
cannotexizt practically.

Real fluid

All types of fluids that possess viscosily are termed as real fluids.

Examples: Kemsene oil, castoroil and honeyete,

Comparigon of deal and Real Flulds

An example of ideal fluld cannol be pravided because it does not exist in the real world.

_.l (5.29)

Y,
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However, avery fluid that wa see around us like water, diesel, petrol, honay, eic. are real
fluids. Moreover, diferences in viscosity can be found in real life, for example, honey is
more viscous than water. Bermoulli's equation siates that the speed of fluid flow is
increazad az a result of a simultanecus decreass in the potantial snergy of the fluid ora
dacraasa in tha stalic pressure an the fluld. When a lluid is viscous, it assentially refers
to the thickness ofthe fluid orthe friction, the fluid faces while Tluid flows. Thersfore, ideal
fluids do not facs the opposing forca and have a non-viscous flow, while res! fluids have
aviscous flow. ldeal flulds are Incompressible. It s not also subjectad to surfacatensian,

816 SUPERFLUIDS

Superfuldity is the charactadstic property of fluids with zero viscosity e, flow is
frictionless. Asubstance exhibiting this property ia a superfiuid, Superfivids low without
lose of kinetic energy. They can fiow through inersdibly marrow. spaces without any
friction.

Superfuidity is achigved in some substances at -;"W"I-
extremety low temperature. For example, in fluic =5 =
dynamics, a vortex is region in a fluid in which the | Farchules incease it resilance
greed \ [frag) by crealing & Rrpe surface
flow revolves around an axial line, which maybe o "t nemts fhe forcs of
at a moving boundery due to frictionlees canditichs.  fal, alicwing them o land safaly.
Vortices move with the fluid and dispersad by the
action of viscosity.

Superfiuid helium-4 is the most studied examples of . _
superfluidity. It changes from a liguid to a superfluids @ i ]
just g few dagree balow ils_boiling point of 452°F  Suparfiulds can "slimb’ up walls and
{-268°C ar 4 K). Suparfluids helium-4 moving as a  over adges of contsiners becausa
normal glear lquid, but It has no viecosity, Thig  they do nol expariance frition lke
means that once it starts 1o flow, il keeps moving past "o nadsde.

anycbsiacles,

Superfiuidity Applications

Currenty, there are Tew pradlical uses for superluids. Superfluid belium-4 serves s a
coolant for high-field magnets. Both helium-3 and helium-4 are utilized in advancad
particle detectors. Researching superfluidity also helps us learn mere about
superconduclivity.

Liguid helium is recognized for its great tharmal conductivity and is used in cryogenic
applications, including cooling supanconducting magnets, sciantific research, and
medical usas, Additionally, it is employed in indusiry for legk testing and in the
producton of electranic and optical products.
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—! QUESTIONS
| Multipie Cholce Questions [
Tick (') the correct answer.
5.1 Theregion of sirass-girain curvewhich obeys Hooke's lawis:
{8} proportonal limit  (b)elasticregion (c)plasticregion {d} vield lirit
52 Which ofthe following s more elastic? Jo
(a) Rubber (b)Wood (c} Spongs (d) Steal
5.3 Which ofthe following is palymar aolid? S
(&) Wool (b)Glass (c)Sodiumehloride; . {d) Copper
54 The effect of decrenze of pressure with the [ncrease in Bpﬁe# of a fluid in horizontal
pipe is:

(8) Torriceli's sffect  (b)Bemoulli's effect {umnma's affect {d) Doppler's efiect
6.8 Thepressumwillbe lowwhen speed ofa ﬂuu:lrig

{m)zero {b high ¢c]‘luw {d}constant
5.6 Asperlaw offluid friction for steady El.reiiqfﬂme flow, the friction:

{a) varies proporfionally to velocity dﬁﬂuld

{5} varies Inversely proportions t:mtmura

{c) do=s not depend on pressure

{d}firstingreases then damnaws

87 i a stone is guhmerg[aq “in water and it weighs less in water than in air, this
phenamenon is dug jo; ™~

{ajthe mducﬂnnﬁ_@’hﬁss inwater {b}increaze af dansity inwater

{2} buovartiorce acting upwsrds fd} the gravitatlonalforce acting upward
58 The p([g’ﬂfﬂh&ﬂmtaﬂon ig adirect application of:

{a) Pascal's law {b)Bermaulifa principle

{c) Archimedes' principle {d} Newhon's third law
59 Anideal flow of amyfilid must satisfy:

{a) Pascal law {b}Barmoulifs aguation

{¢) Continulty squationanly {d)Bath {b)and ¢}
5.10 Thae lift force exparienced by anasroplane wings is primarly dua to:

{a) viscosity of air {b) density of air

{c] preseura diffarenca above and balow tha wing (d) gravitational forca
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5.1 Inmedical field, & venture mask, ugad to deliver s known cxygen concenlration (o
patients operates s based on

{8) Newlon's third law (b)Archimedes' principle
{c) Pascal's faw (d) Barmoulli's principhs
5,12 Which of the follewing |5 a defining eharsctenstio of a superfivid 7
{a) Zero viscosity (b} Infinile density
{c] Zaero tamparaiure (d) Infinlia thamal conducthvity

@ Short Answer Questions

5.1 Whatis meant by (i} cohasivaforca (i) viscosity?

5.2 Differenfate between streamline and turbulent low of a fluid .

5.2 Howdoes pressure changeswhh depth Influlds?

54 Howisvariation inpressure relatedto speed ofa fluid?

5.5 How isthe flowrats related lo the cross-sectionel area and velocity of the fluid ?

5.8 How do you study the varation in valodty ofa flud at differant points ina hosa with

varying diameter?

5.7 Howdossan objectfloat or sink according to Archimedes Princlple?

5.8 HowdoesArchimedes raportediy discover the principle that bears his name?

59 Whystanding nearfast moving frain is dangerous? Explain brisfly.

&.10 What ara eoma potentlal applicatiane of superfiuldity?

5.11 Differenfiate between siress, strain and Young's moduius. White down their Sl units.
[@ Constructed Response Questions )|

e ———

5.1 The ratio stressistraln remains constant for small deformation. What will be effact
onthis rativ when the deformaticn made is very large?

6.2 Whanpurewater falls on a fiat glass plate, it spreacs on the plate while the marcury,
whenfalls on the same plate gets convertsd intc smell globules. Why?

4. According to Bamoulli's thecrem, the presaure of 4 fluid should remsin uniform
in & pipe of unifomn radius. But actually, it goes on decreasing. Why is it o7

5.4 Why wings of an aeraplane are rounded outward while fiattened inward?

5.5 Whatis lhe difference In real fluid, ideal Nuld and superluid? Which of thesea rsally
auxits in theworld 7 Explain.

5.8 Why |s the siudy of superfulds Impodant for advancing our Knowleddge of low
tamperature physice?
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|l Comprehensive Questions
5.1 Explain in datail the clessification of solids with respectte atomicarrangements.
5.2 WhatlsArchimades'princlple? Explain [t In datall for finding upthrust.
5.3 Justify thal mass remains consenved when a fluid fllows through a pipe.
5.4 Explalnthe term superfiuldity:
5.5 Stateand derve equation of continuity.
5.6 State and prove Bernoulli's equation.
6.7 Givesome practical applications of Barnoul|i's aquation.

5.8 Define terminal velocily of a body and show that terminal velogily is direcly
praporfional to tha squaraof radiuz ofths bady.

[ Numericai Probiems _ ()
5.1 Asteel wire of length 2metres and croes-sectional arga of 2x 107 m’ is stretched by
a force of 400 N. If the Young's modulus of steglis 2 x 10" N m”, cakulate the

extansion ofthewirs, {Ars: 0,002 m)
5.2 Aspring with a spring constant 200 N m™ Is stretched by 0.5 m. Find the elastic RE.
stored intha spring. {Ans: 25.J)

5.3 Acopperwire of langth 3 melres and cross-sectional area of 1 x 10" m” is subjected
to & force of 500 N. Calculate the stress and strain produced in the wire. (Young's
modulus of copper ¥ =1 HA0"Nm®) [Ans: 5xt0'W m?, 0.00455)

54 A block of wood of mass-10 kg and density of 500 kg m” Is floaling In water.
Calculate the buoyant force acting onthe block. (Density of water = 1000 kgm®}

[Ahs: 38 N)

5.5 Water flows through'a pipe with a diameter of D.05 m at a velocity of 2m s'. ifthe
pipe narrowa to a diameter of 0.02 m, calculate the velocity of water at namow
section. (Ans:5.66ms")

5.6 Waler flows through & horizontal pipe with 2 velocity of 3 m s' and pressura of
200000 Pe at point 1. At the nozzle (point 2), the pressure decreases io
almaspheric pressure 101,300 Pa and the velocity incregses to 14 m s, Cakulate
the velncity of the water exiting the norde. {Density of water= 1000 kg m™)

(Ans: 1437 me")

57 Atank filled with water has a hole at a depth of 5 m from the watersurface. Calculate
the velocity of water fiowing out of the hole., (Ans: 8.9ms™")

548 Cakulate the terminal veloaity of a spherical raindrop with a radius 0.5 mm falling
through tha air.{n forair=19x10"kgm's ', p= 1000 kg m "forwatear)

(Ans: 28 66 m 57)




