After studying this chapter, the students will be able to:
Dlﬂlhplldl hmmmuum of crystalling, amarphous, and polymens sclids.

Describe that deformation of solids in one dimension [That it & coused by & force and that in one
dimnnsion, the determation can b tensle or compressi, ]

Define and use the terms stress, sirain and ihe Young's modulus
Deecrite an exparimant to determine the Young's modulusof a matal wire.
Desoribe pnd I.H lmm ﬁaﬂicmmuum pastic uufnmmmm elaslic Ilmlt

,Inm:luu mojLialion of confinuily h:mhapmbiﬂm

"Explaln that equeszing the and of & rubber plpe results Inincrease In fow velooily

Justify that the souation of continuity is a ferm of the principle of conservation of mass.
Justify thai the pressure difflerence can arise from difterent rates of flow of a fluid [Bemoulll effect)
Explain and apply Bamoul's aquation for horizontal and vertical fiukd flow.

Explainwhy real fluids are viscous fluids,

Describs how visoous forces in a fuld cause a retarding force on an obyect moving thaough e,
Deeonte super fluidity [As the siate in which & louwd will exparisnce zem viscosity. Studants sl1u|.|h:I
hlmlnhrqikﬂuﬂnfmm-a . tha aliows for su mmmmhnﬁladmﬂm

‘bo ‘ermply’ themeslves, |t also mplss that I you sﬁra guparfiuld, tha vorlices will kKeep spinning
Irrdefinitely,]

‘& Analyzethe raal-world applications of the Barnoulli effact [Forexample, stomizers in perfume boltlas,
tne swinging trajectory of a spinning cricket ball and the Bt of a spinning golf tall (the Magnus effect),
e wsmeal Venmmm In -‘lﬂlﬂm angd wenglnmn Hﬁ]ﬂ.ﬂmﬂﬂwﬁm Hﬁ.]
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“al‘arials have Spﬂ:l'ﬂc uses depemﬁng upon their characteristics and pmpenie:s such

material. Su'mlarly.th&studg,rom.ndshmn jat i ?- "M’J‘ alys
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o ervation of energy is the basis of Bernoulli’s ﬂmem :
5.1 CLASSIFICATION OF SOLIDS
Crystalline Solids

In crystaliine solids, there is a regular amangement of atoms & p el
and molecules. The neighbours of every molecule are )\"-“’1“ "#f ~f~;""~
arranged in a reqular pattern that is consistent thraughout the ¢ 0w

crystal. There is, thus, an ordered structure in crystalline sofids. 7:;!_.,.:;4

Most solids, like metals and ceramics have a crystaline . Q0
structure, This means their aloms, molecules or ions are :11,3'4: o Aol
arranged in a regular pattern. The arrangement of O "b'_’_} MR

molecules, atoms or ions within all types of crystalline solids =7 5 *-’:"."'rz:".‘;
can be studied using varous techniques such as X-ray (B ™ ...r )
Diffraction (XRD), Transmission Electron Microscopy (TEM). It MO
should be noted that atoms, moleculas or H:rns ina cr:.rstallme ol m
solid are nof siatic. For example, Bachatu ¥ 3 %@

abnmaﬁuedpnhuvmhan amplitLide raEes with|rss b

up, arnl;l the sulld melts, The transition from solid {order) to liquid [dmurder]- is, therefure.
abrupi or discontinuous. Every crystalline solid has a definite melting point e.g.. Guariz,
Calcite, Sugar, Mica, diamond, ete.

Amorphous or Glassy Solids

The word amorphous means without form or structure, Thus, in amorphous solids thera
is nio regular arrangement of melecules like that in crystalline solids. VWe can, therefore,
gay thal amorphous sclids are mone ke liguids with the disordered structure frozen in.

For example, ordinary glass, which is a solid at Qrdlnar:.' temperature, has no regular
arrangement of molecules. On heating, it
gradually softens into a paste like state
before it becomes a very viscous liquid at
almost 800°C. Thus, amorphous solids
are also called glassy solids, This lypa of
solids has no definite melting point e.g., |
plastic, glass, fused silicen, ele,

Pnlyma ric Solids




synthatic rubbers are termed as polymers because lha'_.r are formed hy pdymenzahm
reactions in which relatively simple molecules are chemically combined into massive
hang chain molecules, or threa-dimeansional structures, These materials have rather low
specific gravity compared with even the lightest of metals, and yet exhibit good strength

towakght ratio.

For Your Information
Polymers consist wholly or in part of chemical combination of '
carbon with oxygen, hydrogen, nitrogen and other metallic or
non metallic elements, Polythene, polystyrens and nylon, stc.,
are examplas of polymers. Natural rubber is composed in the
pure state entirely of a hydrocarbon with the formula (C.H, ).

5.2 MECHANICAL PROPERTIES OF SOLIDS
Deformation in Solids

If we hold a soft rubber ball in our hand and then squeaza It
the srﬂpe or volume of the ball will changﬂ uwa B

hun- il ‘increase under the action of m& applled forca [a;ﬂrigiﬂlntherbﬂll
exerted by our hands, Greater the applied force, larger will be (8) Sgueezed rubber ball
the increase in length. Mow on removing the applied force, the ME:“N farce F by the
string will return to its original length. From these examplas, it (e} Rubber ball aller remaving
is concluded that deformation (i.e., change in shape, length or ~ force

volume) is produced when a body is subjected to some 8_?
external force, i

In crystalline solids, atoms are usually amanged in a certain (&} Uretretched unit o
order, These aloms are held about their equilibrium position, g:g

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

force between them. Under the influence of external force, (5} Uik oo g aiitwaed

distartion accurs in the solid bodies becausa of tha stralching lnece
displacement of the atoms from their equilibrium position and 8_15__'}
the body is said 10 b in a state of strass. After the remaoval of %

exlernal force, the atoms return to their equilibium pasition, (=] Lﬁﬂ':: Imieind
and the body regains its ariginal shape, ;H‘ﬂﬂdﬂdﬂ'lﬂtextemﬂ rﬁ@m

return to its original shape is
illustrates deforma u pmclu



The results of machanical tests are usually expressed in larms of stress and strain,
which are defined in terms of applied force and deformation,

Stress

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

N (5.1)
The Sl unit of stress (o) is newlon per square meter (N m™), which is given the name
pascal (Pa). Stress may cause a change in length, volume and shape, VWhen a stress
changes length, it is called the lansile strass, whan ilchanges the volume, iLis called the
volume stress and when it changes the shape, it is called the shear siress,

p

siress is applled to it In tha ARE
one dimension,
change in length.

the original lang

angainlength (L) say T
~ Original length (L)

Since strain s the ratio of lengths, it s
dimensionless and therefore, has no units. If strain p=
£z due to tensde strass o, (s callad tensile sirain,
and if it is produced as a result of compressive stress
a, itis termed as compressive sirain.

In case when the applied stress changes the volume, I
the change in volume per unit volume is known a3
volumetric strain as shown in Fig, 5.3 (b), thus Fig. 5:3(b): Volmatric sirain
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Volumetric strain = f e (5.3)

Let y be the distance between two opposite faces of a
rigid body (Fig. 5.3-c), which are subjected to shear ¥
siress one of s face slides through a dia!ama AX,

hrtddilbree m@%

Fig. 5.3(c): Shear strain




: for small value ufanglﬂ H, measurad in For Your Information
radian tand=a, sothat Alhough il s named afier the 19th
i R T ___{55} canfury British Sciantist Thames
: e Yaung, the concept was developed in
Young's Modulus 1727 by Leonhard Eullor,
The stress applied per unit strain

is called Young's modulus

Tensile stress
Tanszila strain

e Y=

.o (5.8)
ALIL,

it has the same unit as that of stress i.e,,
M m™ or Pa. The value of Young's modulus
of different materal is given in Tabbe

Experimantally, the magnitude of Young's modulus for 8 SN pp

material in the form of wire can be found out mostly with
help of searl apparatus as shown In Fig. 5.4.

It consists of two wires, auxiliary or reference wire and test
wire (exparimental wire) of equallengths of same material
having same diameters attached to a rigid support, Both
wires are connected to horizontal bars {frames F, and F.)
at the other ands. Hang a constant weight to the hook of
horizontal bar of reference wire and hanger on test wire so
that wire remains stretched and free from kinks.

Procedure

The following procedure is adopted for finding Young's

modulus of a wire exparimearntally.

1. Measure theinitial length L, "of the wire using a metre
scale.
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iffarfant points along the wire and take avarage.
3. Adjust the spirt level so that it is in horizontal position by turming the micrometer.
Record the micrometer reading 1o use it as the reference reading.

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

Adjust the micrometer screw to restore the spirt level in the horzontal position,
Subtract the first micrometer reading from the second micrometer reading to obtain
thie extension of the test wire.

6. Calculate stress and strain from the folkowing formula:;

svess < Weignt _F _mg [

o

Areaofwire A =r  Astael 1o and s rubber band
mnhpdnﬂtaaamixm
Sirain = AL _ Change in length 'Mdﬂ'lm will b
L Original length
7. Repeat the above steps byi ] lpad o @ﬂ@n values of
stresses and strains. “
8. Plot the above) six aph, it should be straight line. Now
determing the -'alue m slope is equal to Young's modulus of
wire,

BEFDMIUH PLASTIC DEFORMATION AND
ELASTIC LIMIT

In a tensile test. matal wire |5 axtended at a specified deformation rate, and siresses
generaied in the wire dunng deformation are continuously measured by a suitable
electronic device fitted in the mechanical testing machine. Force-elongation diagram or
shress-slrain curve is plotted automatically on X-Y chart recorder. A typical stress-strain
curve for a ductile material iz shown in Fig. 5.5.

Inthe initial stage of deformation, stress is increased B : o
linearly with the strain till we reach point A on the
stress-strain curve. This is called proportional limit
(@,). It is defined as the greates! stress that a
material can endure without losing straight Ene
propartionality batwean stress and strain. Hooke's
law which stales that the strain (deformation) is
directly proportional to stress (force or kbad) is
obeyed in the region OA, FrumAh: B, stress anﬁ

g8 -/ Sisdes it
sirain are nof proportional, calddie sty
Elastic limit
if the load is remov i‘ ‘ h and B. The curve will be retraced and the

Stress (o)




aterial will refurn to ts original length. In the region OB, the materdal is said to be
glastic. The point B is called the yield point. The value of stress at B is known as elastic
mit o,

Plastic Deformation

If the siress is increased beyond the yield stress or elastic limit of the material, the
spacirmen becomes permanently changed and does nol recover its original shape or
dimension after the stress is removed, This kind of behaviour is called plasticity. The
region of plasticity is represented by the porticn of the curve from B to C, the point C in
Fig. 5.5 reprasants the ultimate tensile strength (UTS) o,, of the matarial. The UTS |s
defined as the maximum stress that a material can withstand, and can be regarded as
the nominal strength of the material. Once point C correzpending to UTS ks crossed, the
material breaks at point D, respanding the fracture stress (o).

Ductile substance

A slnar wire 12 mm in diameter s fastened to a log and is then pulled
cﬁr The length of steel wire batween the log and the tractor is 11 m. A foree af
1ﬂﬂDﬂNismquiadmmllhalug Calculate the stress in the wire.

Solution:
As tensile stress o = % _
10.000N Why does a ship made of
T 314(6x10°m ) mﬁmgﬂﬁ‘l’“h
= 88.48 = 10E N m*
= 88,46 Mpa

5.6 STRAIN ENERGY IN DEFORMED MATERIALS
When a body is deformed by a force, work is done agains! elastic restoring force. It is

stored in it as its potential energy and is equal 1o the gain in potential energy of the
molecules of a body due (o the displacement of these molecubas fmm

positions. @
Derivation of Expressiar Energy treh:had
Material pr '%;\ﬂ\ ié 55

shown in Fig. 5.6, Itis stretched by a force




sugh extension x. As the extension is directly pmpnmunal
to the stretching force within the elastic limit, therefore the force
increasas uniformly fram zero to £ as shown in Fig. 5.7_Thus, the
average forca that stretches the spring through Ax is1/2F. Hence
work done by the stretching force will be given as:

Work done = Average force « Distance in tha direction of the force
.1

W= 5 Fx A s (5.7)
From Hooke's law F= kfax)
Therefore, W= [%kﬂx}-{ﬁx} =% KAy
or W = Areaof OFQ

The work dome by the stratching force is stored in the *
spring as its strained energy and is equal to the potential
energy stored in its molecules.,

sr'uay per unll volume of the mater;ed will b&glm by

1 FxAL

o= 2 Ax [
For Your Information

1 F_AL o
YsSugrET i i (58) The emount of work dona in

3 stratching a material is egqual to the

= —x x sapiatiie f average force applisd multipiad

U= 5 ® giress = strain {5.9) B s bicea

: ) , s Therafore. he area under & force-
From equation of Young's Modulus (Eq. 5.6} wehave 2002 graph represents the

E =y & woek done 1o stretch the material

i ¥ Work done o stretch the materal

. i : iz also equal 1o ekastic PE. storad
Futting the above expression in Eq. (5.8), strain i the miferial,

anargy par unit voluma is:

u-;nﬂf e!-.LL 1,{ AL 3 @O@@K@




An air-filled balloon immediately shoots up to the surface when released under the
surface of water, The same would happenif & piece ofwood is released under water. We
might have noticed that a mug filled with water feels light under water but feels heavy as
soon as we take it out of water,

Morea than two thousand years ago, the Greek sciantist, Archimedas noticed that there s
an upward force which acts on an object which is kept inside a liquid, As a result, an
apparent loss of weight is cbserved in the object. This upward force acting on the object
is callad iha upthrust of the liquid. Archimades’ principle states that:
When an objectis totally or partially immersed in a liquid, an upthrust
force acts on itequal to the weight of the liquid it displaces.
Consider a solid cylinder of cross-sectional area A and height himmersed in a liguid as

shown in Fig. 5.8. Let i1, and b, ba the depths of the top and bottom faces of the ¢
respectively from the surace of the liquid. Than

h‘_—hr-h @ ::, s
If #.and P, are the AN, | ¥
respectively and gi by 1‘
P l h
a Pgh; 'L
Let the force £, be exerted at the cylinder top by the Fi
liguid due to pressure P, and the force F, be exerted _.
at the bottom of the cylinder by the Bguid due o P,, o e
Then Fig. 5.8: Upthrust on & body
F;‘-F',A‘PQ'PT,A mmersed 0 a liguid & aqui to

The weight of the iquid displaced.
and F,=P,A=pghA
F.and F, are the forces acting on the opposite faces of the cylinder, Therefore, the net
farce F will be agual to the difference of these forces. This net forca Fon the cylinder s
called the upthrust of the liquid. Hence

F:.-— F, = pgh,,.-ﬁ—pgh,ﬁi Far Your Informaticn
B ‘mﬁflhr—'hr}"""'” _______ {5.12} ﬁr-:l-uhﬂd-:m born about 287

BGE. In Syracuse on tha lsland of
Soldier af

or  Upthrustof Bouid = pg Ak

s yalume af tha liguid displaced
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inder, therafore, pg\/is the weight of the liquid displaced. This equation shows
{hat an upthrust acts on a body immersed in a liquid and is equal to the weight of liquid
displaced, which is accarding to Archimada's principle.

EXAMPLE 5.2: Awooden cube of sides 10 cm each has been dipped completely in
water. Calculate the upthurst of water acting onit.
Solution:
Given:
Length of side L=10em=01m
Volume VelU'=s@im=1x10"m'
Density of water P = 1000 kg m”
Upthrust F
Using Archimede's principle

Upthrust of water = pg b w@(}@@ﬁ@

Thus, Llpﬂ’l'l.lﬁtﬂf r acting-on the ‘in-: CuUbete O & N,

Floatation %ﬁ

i ifa weight is greater than the upthrust force acting on it. However, an
o fivats if its weight i egual or less than the upthrust, When an object flcats in a
fluid, the upthrust acting on it is equal to the weight of the object. In case of floating
object, the cbject may be partially immersed. The upthrust is always egual to the weight
of the fiuid displacad by the object. This is the principle of floatation, It states that:

Afioating object displaces a fluid having weight equal o the weight af the object.
Archimedes’ principle Is applicable on liquids as well as cn gases, We find numerous
applications of this principle in our daily life. .
Applications

Following are some important applications of Archimedes’ principle,
1. Hot-air balloon

The reason why hot-air ballcons nise and floal in mid=air is because
of the density of the hot-air balloon is less than the surrounding air,
When the buoyant force of the hot-air balloon is more, it starts to
rige. This s done by varying the quantity of hot air in tha balloon,

2. Wooden block floating on water

Awonden hlﬂck floats on water i it -.,: 3E n volume of water is
rag - * nnclpla m‘ flnataﬂun a body ﬂuats




Inwater,
3. Ships and boats

Ships and boats ara designad on tha same
principle of floatation. They camy passengers
and goods over waler. It would sink in water if
its weight including the weight of its
passengers and goods becomes greater than
the upthrust aof water.

4. Submarine "
A submarine can travel over as well as under Fig5.10 (ak A ship Reating over waler
water using the same principle of fioatation,

It floats over water whan the weaight of water

equal o its volume is greater than its weight.
Linder thiz condition, it iz similar to a ship and

system of tanks which can be fill
emptied from seawater, Whe -
filled with $eaw

g upthrust, it dives Sonar

q". =P e "
up on the surface, the tanks are made empty 9310 (bl Submarine
from seawater.
Example 5.3: An empty meteorological balloon weighs 80 N, It is filled with 10 cubic
metres of hydrogen. How much maximum contents the balloon can lift besides its own
waight? The density of hydrogen is 0.09 kg m™ and the density of airis 1.3 kg™,
Given:
Weight of the balloon w = 80N
Volume of hydrogen V' = 10 m'

Density of hydragen g, = 009 kgm”
Density of air P =13kgm’
Weight of hydrogen  w, =

Waight of the contants w. ‘

Lipthnust F



leight of hydrogen  w, = pVg
=0.08kgm ' x10m'x 9.8 m g*
=882N
Total weight lifted F = wEW, W,
To lift the contents, the total weight of the balloon should not exceed F,
Thus W+w+w =F
BON+BBZN+w, =12T4AN
ar w, =38N

Thus, the maximum weight of 41 N can be lifted by the balloon in addition 1o its own
weight.

5.8 STEADY, NON-VISCOUS AND IDEAL FLUID

Maoving fluids have greatimportance. In order to find 1he h&ha'-.rmu &
we consider thelr flow through the pipes. Whena ; ) placa

in mwaw,enher sh*aanimeur hurbiibeiil,

= “ — s~ T

q‘ a55es a particular pnmt, moves d—'
SHH TR B A T

Jan i path, as followed by particles —— : .
f-‘;‘[ that points earier, R E b ]
In a steady flow of a fiuid, the motion of the particies is smooth and regular, as shown in
Fig. 5.11. The smooth path followed by fluid partickes in laminar flow is called a
sireamline. The streamline may be the straight or curved and tangent to any point gives
the direction of flow of a fluid. The different streambnes cannol cross each other.

Example: Afluid flowing in 2 pipe as shown in
Fig. 512 will have certain velocity v, at P, a
velocity v, al Q and so on, If the velocity of a
particle of the fluid at P, Q and R does not '
change with the passage of timea, than the flow &-'on 12: The velocities of the parﬂdua at
is said to be steady flow or streamline flaw, different points on sireamiing,

The line POR which regresenis the path followed by the
particle is called a streamline. |t reprasents the fixed path
followed by orderdy processing particles. In streamiine flow, all
tha p:;rth:lgs passing |hruugh P aleo pass Ihmugh Cand R, It

Fig. 5.13: Tustilent Nl



fluid becomes unsteady and irregular. Under this
condition, the valacity of tha fluid changes abruptly as
shown in the Fig. 5.13. In this case, the exact path of the
particles cannct be considered.

If two streamlinas cross each other, then the particles will
go in one or in the other directions and flow will not be a
steady flow. Such a flow s a turbulent flow. When the flow  Formuta One racing cars have a
is unsteady or turbulent, there are eddies and whirlpools  Streamiined design.

in the motion and the paths of the particles are
continuously changing.

Ideal Fluid

Tha behaviour of the fiuld which satisfies the following
conditions is called ideal fluid:
1. The fluid iz non-viscous ia.
force between adjacent layers .
2. Thefluidis inmm ssibbe i
3. Thefluid fl'!JhD

Rateo
ufﬂw ﬂuﬂuﬂﬁmuﬁmplﬂalﬂhnvalm of

thiﬂu[dpmh[uﬂumuhin}*iﬂm of pipe per unit time.
Farmula For Rate of Flow

Conslder a fivid flowing through a pipe of area i p ((ﬁ\\
of cross-saction A as shown in Fig, 5,14, Let J u
e

the valocity of the luid be v and it flows through
the pipe for time ¢, then the distance covered by
the fluld in time is:

F =yt Fig- 5.14: Rate of flow of a liquid

whera 1 is the length of the pipe through which the fiuid passes in time £, Volume of the
fluid passing through the pipe in time ¢, is:
Awi=Aw

Thus  The rate of flow of the iquid = Vokite
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- . It is measured in cubic metre per second (M’ s7). Sometimes, it is also
maasuredmlllras persacond (Ls").

Steady Flow

Ifthe overall fiow pattern does not change with time, the flow is called steady flow.
In steady low, every particle of tha flud follows the same llow line as its prewmous parlicls.
5.9 EQUATION OF CONTINUITY

Statement

Tlupmdm:l of cross-sectional area of the piﬁ- and uuﬂumw
(Le., Av) at any point along the pipe is a constant. This constant is
equal to the volume flow per second of the fiuid or simply the flow rate.

Vnhme

Thus Av = Conslant =

siza The panldas in the fluld
lines in a steady state

I we consider the i m. me

nuh:lalthe DWEF Sk \ Ax,

‘M ity wendistance covered b}rlhe fluid is; Fig. 5.75: Steady flow of & fluld

+eneef5.15) Interasting Fact
Let A, be the area of cross-section of the lowerend, then  eujar obtained the cantin ity
volume af the fluid that flows into the tube at A, is: equation for 3 incompressible fuid
with & large numbar of tarma in

V= Aax, 1752, Later, it was transisted by

o V= Al ., Truies dedl from English in 1954,

If o, iz the density of the fluid, then the mass of the fluid contained in the shaded regicn
{ through A,)is:

= Yolume = Density
ar Am,.= AV AL xp
Simiarly, ihe mass of the fluid that moves with velocity 'v." through the upper end of the
pipe having cross-sectional area’A ' in the same time Atis glven by

= A VAL = P,
whara p?ls Ihla danErty' of the fluid ﬂwrlng wuhmugh.ﬁ and Am Irl :




S0, Av . Alxp, = Ay, Alxp,

or R R e {5.17)

Enuation (5.17) is called the aquation of continuity. Since density s constant for the
steady fiow of incompressible fluid, therefore, the equation of continuity becomes:

7 b LT 18 e NS e e gy s,

Equatian {5,18) states that in steady flow, the rate of flow inward is equal to the rate of
flow outward.

This equation justifies the conservation of mass of the fluid which is flowing through
apipe.

EXAMPLE 5.4: A water hose with an internal diameter of 20 mm al the outlet
discharge 30 kg of water in 80 s. Calculste the water speed at the outlet. Assume the
density of water is 1000 kg m™ and its flow is steady,

Solution:
Intermal diameterof water hose

Radius
el
o =1000kgm ’

Tidbits

Speed of water w=7 A
Mass flow per sacond mst = 30kgi60s 'hw-ln:-mmmu&m
= 05kga" area decreages e mandaled by he
continudy agualion.
Cross-sectional area A =zr
=314 x{0.01)

Far Your Information

=314 110" m’
i i
From equation of continuity, the mass of water 'I‘;‘; gﬂgﬂm of continuity is

discharging per second through area A is: (i) hhnilhﬂn anenes and veins
pAv = Mass/Second (Il waterflowinrivers and pipes

_ jii} air flow mduct and ventkation
Mass / Sacond :u}:mm and

PA

e

‘i =




We can increase the flow velocity of water in a rubber pipe by squeezing it, When we
squeeze the rubber pipe, we decrease the cross-sectional area through which the water
flows. Accarding to the aguation of conlinuity,

whera A is the cross-seclional area and v 15 the flow velocity, By decreasing the cross-
sactional area (4, <A ), the velocity of the water (v,) must increase to maintain the same
flow rate. Therefora, squeazing the rubber pipe increases the flow velocity of water,
5.11 BERNOULLI'S EQUATION

Az the fluid moves through a pipe of varying cross-section and height, the pressure will
change along the pipe. Bernoulli's equation is the fundamental equation in fluid
dynamics that relates pressure to fluid speed and height,

In deriving Bernoulli's equation, wa assume that the fluid Is incom ble o
and flows in a steady state manner, Lelus wﬂermW throus

i time £, as shownin Fig. 5.16.

on the fluid, by
id behind it, In moving it
through a distance Ax,, will be;

W, =FAx = PAAx,
Simillarly, the wark done on the

flukd atthe lower end is: Flg. 5_“.,5," ieal flow of fluid through a nnn—unliﬁnn
W, = - E.Ax, = -PAAX, cross-sechon pip at diferent haights.

whera P, is the pressure, A. iz the area of cross-section of lower end and Ax, is the
distance moved by the fluld in sarme time interval |, The work W, |5 taken lo be —ve as this
work is done against the fiuid force. The work done will be;

W=W, + W,
ar W=PAAK - PAAX...........(510)
If v, and v, are the velocities at the upper and lowar ends respactively, then

W =P Avt-P At < '@@m
From equation of continuity (Eqg, 5.18) @' o

ihi shaps of 3 curveball
i relate o Bemoull's

in b




We (P -BV. . ....5.20)
I m |= tha mass and p Is the dansity, than -;%’.
S0, Eq. (5.20) becomes;

A parl of this work is utiized by the fluld in changing its K.E. and a part is used in
changing its gravitational BE.

Change in K.E. AKE = %“mug’- %_;mvf .............. (5.22)

Changein PE. APE=mgh,—mgh, .o (5.23)

where h, and h, are the heighis of the upper and lower ends respasti @@m
Applying the law of ::nnmhnn ofene

(A= F‘)

OIS
H&arrmglrbgt 47) wi 2
1 1
P"'Epvfi'pghl =P;+'ipvzz*p'ghz

This is Bernoulli's equation and is often expressed as:

P+%pb"2 + pgh = constant

5.12 USES OF BERNOULLI'S PRINCIPLE

Anumber of devices operate by means of pressure difference that results from changes
in the speed of the fluid.

1. Aeroplane Wings

The wing of an aeroplane is designed to deflect the
air 20 thal sireamlinas ara closer logather above -2
the wing than below it as illustrated in Fig.5.17. We |

have seen that where the streamlines are forced
closer together, the speed is faster, Thus, air is
travelling faster on the upper side of the wing than Fig ST L0 ot ey E

onthelawer. The prassur&wnl be lower at the top of @7‘”@@
- \(\é
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and ramains rough on the other side. The air Frstar ar, __
moves faster over rough side and slows over the ™ =%
smoather. According to Barnoulli's equation, the faster
moving air creales lower pressure, while the slower
moving air creates higher pressure, thizs pressure
difference generates a sideways force, known as
Magnus effect which causes the ball to cum in the air.

3.  Filter Pump

Afilter pump has a constriclion
in the centre, 30 that a et of
waler from the tap flows faster
here, This causes a drop in
pressure near it and air,
therefors, flows in from the
side tube. The air and water
together are expelled through
the lower part of the pumg,

4, Carbure)
The carburator of

Bl i
- \‘ the duct and along a pipe to the

Dedartion fome

The air through the duct moves very fast, creating low
pressure in the duct, which draws petrol vapours info
the air stream.

5. PaintSprayer

Astraam of air passing over a tube dipped Ina Bquid will
cause the liquid 1o rise in tha tube as shown in Flg. 5.21.
This effect is used in perfume botfles and paint
sprayers. Actually when the rubber ball of atomizer is
squeezed, the air is blown through tube and it rushes
out through the narrow aperture with high speed and it
causes fall of pressure. So, the atmosphernc pressure Fig, 5.21: A siream of ar passing
pushes the perfume up leading to the narrow aperiure,  overa m;wm_‘lmu

6. VenturiRelation

Consider a pipe within which a fluid of density o is flowi %@@@ﬂ

cross-zection as showninthe Fig. 5.220

ross-sactional area at




wide and narrow portions respectively. Pressure
P, ard P, indicate the lguld pressure at both
fhe portions by connecting the limbs of the
manameter,

As the pipe s placed horizontally, therefore, we
consider thal average potential energy is the same
at both placas while using Bermoulll's equation.

Thus, Bermoulli's equation can be written as: Fig. 5.22- mm matar

1
Po—pvf
i EP 1

or P=-R

o P-F =

vm}r slow ﬁ md&r pnrhﬂn of the pipe as mmpared to the narmw portion, So, we can
neglect v, on the right-hand side of Eq.(5.25), Henoa

S . (5.26)

This is known as Venturi relation, which is used in venturi meter, & device used to
measure speed of liguid flow,

7. Torricelli's Theorem

Asimple application of Bernoulli's equation is shown in
Fig. 5.23. Supposa a large tank of fluid has two small
orifices Aand B on it, as shown in Fig. 5.23. Let us find
the speed with which the water flows from the orifice A, »,

Since the orifices are 50 small, the efflux speeds v, and
v, will be much larger than the speed v, of the top |
surface of water. Wa can therefore, laka v, as
approximately zero. Hence, Bamuuli‘@aq s
bewrittan as:

A




B P, = P; = Atmaspheric prassure
Therefare, the above equation becomes:
Ve = 20U Padurisss e .{5.27)

This is Tomicelli's theorem which states that:

The speed of efflux is equal to the velocity gained by the fluid in

falling through the distance (h, - h,) under the action of gravity.
Motice that the speed of the efflux of liquid s the same as the speed of a ball that falls
through a heaight (k, - h.), The top lavel of the tank has moved down a litthe and the PE,
has been transferred into K. E. of the efflux of fluid. If the orifice had been pointed upward
al B as shown in Fig.6.4, this K.E. would allow the liquid to rise to the level of water lank.
In practice, viscous-energy losses would alter the result to some extent,

5.13 VISCOUS DRAGAND STOKES' LAW

—— "\”'1\-\‘-‘“ =

Tha mchuna! effect hetween d:ﬁerEni layers of a ﬁu'Mng ﬂuu:!
SCOE(T N5 )y
: 0,013
Aceione 0295
Methanal 0.510
. 0801
stpsities. Ethanat 1.000
Plasma 18
Iharefora a force is raqmred |Ir an ohject ls o be mn'ved Eb‘ﬂﬁn g20

through them. Even the small viscosity of the air causes a : .
large retarding forca on a car as it travels at high speed. If you
shick out vour hand out of the window of a fast moving car, you :
can easdy recognize that considerable force has o be exerted
on your hand to move it through the air. These ara typical
examples of the following fact,

An object maving through & fluld experiences & retarding force
callad a drag force. The drag force increases as the speed of
the object increases.

Even inthe simplest cases. the exact value of the drag force is
difficult to calculate. However, the case of a sphare moving
through a fluid is of great importance.

The drag force F on a sphere of radius r moving slmnly with 55

speed vthrough a fluid of viscosity n is given by Stokes’
under:



Consider a water droplet such as that of fog falling verically, the air drag on the water
droplet increases with speed. The droplet accelerates rapidly under the over powerning
force of gravity which pulls the droplet rapidly downward due to force of gravity
However, the upward drag force on it increases as the speed of the droplet increases.
The net force on the dropletis

As the speed of the droplet continues to increase, the drag force eventually approaches
the walght in the magnitude. Finally, whan the magnitude of the drag force becomes
equal to the weight, the net force acting on the droplet is zero, Then the droplet will fall
with constant speed called terminal velocity,

Ta find the terminal velocity v, in this case, we use Stokes' law for the drag force,
Equating it to the weight of the drop, we have

R RN Al

The mass of the Fag " ia the volume of the sphere.

15.31)

E'm,pin 9.5: A liny water droplet of radius 0,010 cm descends through air from a
high building. Calculate its terminal velocity. Given that n for air = 19x 10" kg m” 5" and
density of water p=1000kgm™.

Solution:
F=1.0x10"m, p=1000kgm®, n=19x10"kgm's"
Putting the above values in Eq. (5.31)
, _2x98ms x(10x 10 m) = 1000 kg m™
= 9x19«10°kgm's '
Terminal velocity =1.1 ms".

5.15 REALFLUIDS ARE VISCOUS FLUIDS @ @@m

Ideal fluid O o
It is & fluid that doas not have vi ‘ ed. This type of fluid
cannot exist practi
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Al types of fluids that possess viscosity are classified as real fluids.
Examples: Kerosana and castor od, honey, alc,
Comparison of Ideal and Real Fluids

An example of ideal flud cannol be provided becausa it does nol exist in the real world
but only in theory, Howeaver, every fluid thal we see around us like water, diesel, petrof,
honey, efc. are real fluids. Moreover, differences in viscosity can be found in real life, for
exampla, honay is mona viscous than water, Bermoulli's equation states that the speed of
flurd flow is increased as a result of a simultaneous decrease in the potential energy of
the fluid or a decrease In the statlc pressure on tha flukd, When a fluid s viscous, it
essentially refers to the thickness of the fluid or the friction the fluid faces while fluid
flows. Therefore, ideal fluids do not face the opposing force and have a non-viscous
flow, while real fluids have a viscous flow. AR

s |deal fluids are mcompressible, This means nenhertheden&rl(\ nth{x{( nl:iﬁﬂfk
fluid changes with pressure. Wharaas, raemuldsvaﬂ!@‘ﬁ Nuk:ﬁ mp}ﬂ@s

*  Bulk modulus va-rsety depveim;lfr n‘sh@wﬂuﬁ@ fsﬁéngé pluma change for ideal
fluids is zero, H\ maﬁaﬁs ﬁ JlEhB/T fiuids. Hc:wmrar real fluids are
subjected to volli N\a\d;h%mgé andithetatore have finite bulk modulus.

m exﬁi\ahhr i Ihec:r}' itis not subjected to surface tension, However, for
\j f\?\'\ surface tanzion becomes applicable.

In simpler words, Ideal fluids are imaginary in nature which means they do not exist in
nature. Whereas real fluids very much existin natura.

Ideal fluids do not have any viscosity or can be said to have zero viscosity. Moreover,
real fluidzs have viscosity.

5.16 SUPERFLUIDS

Superfluidity is a property of fluids where they
have zero viscosily or are [rictionlass. A
substance exhibiting this propery is suparfluid,
Superfluids flow without loss of kinetic energy.
In the laboratary, superfluids form in soma
substances at cryogeniciemperature, not much
above absolute zaro.

Superfluids can flow through incredibly namow
spaces without any resistance. They can defy
gravity and flow upwards agamst itas shnwmn
Fig. 5.24, 4 7%
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Properties of Superfluids

Superfluids exhibits unigue behaviour not seen in regular fluids and gases, For
instance, helium-3 can cEmb container walls and escape, a phenomenon known as film
flow, and can even pass through container walls. When stirred, superluids create
persistent vortices, unlike regular fluids that settle. Interestingly, when a container of
superfluid is rotated, the liquid inside remains stll, unlike a cup of coffee. Superfluids
consist of a mixiure of normal and superluids components, with mare superfiuld prasent
at lower temperatures, Some superfluids have high thermal conductivity and varnying
compressibility. |1 is important to note that superfluidity differs from superconductivity;
forexample, both superfluids helium-3 and helium=-4 do not conduct electricity,

Examples of Superfluids
Superfiuids halium-4 is the mast sludied example of supeduidity. I changes from a
Bquid fo a superfluids just a few degree below its boiling point of -452°F {-269"13 ord K]n

Suparfiuids helium-4 moving as a narmal clear liquid, but it has nrn SGOS
that once it starts to fiow, it keeps moving past any obsta

I-bruar&nlhersmeﬂuldlty &xam@

2 as superfluids (not all, though))

o Gt D2

Parachules increase air rsslance

* Atomic sodium (drag) by creating a large surface
" zm.mmlurmmmmuf

. Possibly inside nautron stars 4 THE Siche ha pat

Superfluidity Applications Follallowing them to fand safsly,

Currently, there are few practical uses for superfluids. Superdluid helium=-4 serves asa
coolant for high-field magnets. Both helium-3 and helium-4 are utilized in advanced
particle detectors. Researching superfluidity also helps us learn more about
superconductivity.

Liquid helium is recognized for its great thermal _
conductivity and s used in cryogenic applications,

including cooling superconducting magnets, Supedfhuds can ‘chmd” up walls and
scientific research, and medical uses. Additionally,  9ver m of containera mﬂ:ﬂ;
itis employed In industry for leak testing and in the 1Y 90 1t experence fiction

praduction of electronic and optical products.

A -



QUESTIONS

| Muitiple Choice Questions |

Tick () the correct option.
8.1 The region of stress-strain curve which obeys Hooke'slaw s,
(a) propartional imit ({b)elasticBmit  (c)plastic region (d) yield limit
5.2 Which of the following is mone efastic?
(a) Rubber {b)Wood (c) Sponge (d) Steel
§.2 Which of the following is polymer solid?
(&) Wool (b) Glass (¢} Sodium chloride [d}Cuppr

54 The effect of decrease of pressure with the increase in speed of a fluid in hogd
e NeS
(a) Torricelli's effect Ii'6 £
[c:]-"uhntwe'selfacl. 3 effie

§5 The presaura@
qa]zsm (d) constant

mtlnn for siaady streamline fiow, the friction
ries proportionally to velocity of fluid
tbiv_arlas inversely proportional to pressure
(c) does not depend on pressure
{d}firstincreases then decreases

§.7 If a stone is submerged In walar and il weighs lass in waler than in air, this
phenomenaon s duata:

(a) the reduction of mass in water (b} increase of density in walter
{c}buoyant force acting upwards (d) the gravitational force acting upward
5.8 The principle of floatation s a direct application of:
(a) Pascal's law (b) Bernoulli's principle
(c}Archimedes' principal (d) Mewton's third faw
5.8 Anidealilow of any fluid must satisky;
ja) Pascal law (b) Bermoulli's equa‘unn

(¢} Continuity equationanty fd ) Both [b}a
§.10 Thelift force experienced by an H@ : ' .,
nsny of air

e wlng (d] gravitational farce




patients operates is based on!

{a) Newlan's third law (b)Archimedes' principls
fc)Pascals law (d) Bernoulli’s principle
5,12 Which of the following isa dafining charactanstic of a superfiuidy
(a1 Zeroviscosity () Infinite density
(¢} Zera temperalure {d} Infinite thermal conductivity

q Short Answer Questions 1]

8.1 Whatis meant by (i) cohesivaforces (i) viscosity?
5.2 Differentiate between streamline and turbulent flow of & fluid,
5.3 How does pressura changes with depth in fluids?

54 Howisvanationin presauremiatadmmedataﬂuid?

§.10What are some pu:utmhal applications afauparﬂuld;ty"r‘
5.1 Differentiate between siress, strain and Young's modulus. Write down their S1 units.

|§] Constructed Response Questions |

£.1 The ratio stress/strain remains constant for small deformation. What will be effect
an this ratio when the deformation made is very large?

5.2 When pure water falls on a flat glass plate, [t spreads on the plate while the mercury,
when falls on the same plate gets convertad into small globules, Why?

5.3 According to Bermnoulll's thaaram, the pressure of a fluid should remain uniform
in a pipe of uniform radius. But actually, it goes on decreasing. Why is it 507

5.4 Why wings of an aeroplane are rounded outward while flattenad inward?

5.5 What is the diference in real fiuid, ideal fiuid and superfluid? Which one of these
really exits in the world? Explain.

5.6 Why Is the study of superfluids important for advancing gu
temperature physics? v

i




m.m.-{i Sollds and Flud I:hﬂumlur

B i sirain energy and denve mathematical relation for it

5.2 What is Archimedes' principle? Explain it in detail for finding upthrust.

5.4 Justify thal mass remains consarvad when a fluid flows through a pipe.

5.5 Explzintheterm superfiuidity.

5.6 State and derive equation of continuity.

5.7 Siate and prove Bermoulli's equation.

5.8 Give some practical equations of Bernoulli's equation,

5.9 Define ferminal velocity of 8 body and show that terminal velocity is directly
proportionalto the square of radius of the body.

'@ Numerical Problems |

5.1 Asteel wire of length 2 meters and cross-sectional area 2 x 10° m' is stretched by a

force of 400 N. If the Young's modulus of steel is 2 x 10" N m™, ca -

extension of the wire. (@
5.2 Aspring with a spring constant 2006 m\ia v ndHhE elastic PE.
slnred in the spring [Ans: 25.)

=sectional area of 1 x 10°m’ is subjected

g MEsrs & NRSS=
lu:-al’nrcsof abclylate the sfress and strain produced in the wire,
(Ana: SxI0"N m™, 0.00455)
=] - nl‘wmdofmass1Dkganddanmtrufﬁﬂnkgm Eﬂuaungmwatm

Calculate the buoyant force acting on the block. (Density of water = 1000 kg m™.)
{Ans. 98 N)
5.5 Water flaws through a pipe with a diameter of 0.05 m at a velocity of 2 m 57 If the
pipe namows fo a diameter of 0.03 m, Calculate the velocity of water at namow
saction. {(ANs: 5.56BME" )
5.6 Water flows through a horizontal pipe with a velocity of 3 m s and pressure of
200,000 Pa at paoint 1. At the nozzle (point 2), the pressure decréasaes to
atmospheric pressure 101,300 Pa and the velocity increases to 14 m g7, Calculate
the velocity of the water exiting the nozzle. {Ans: 14.3ms")

8.7 Atank filled with water has a hola at a depth of m from the water surface. Calculate
the velocity of water flowing out of the hole. (Ans 9.9ms")

5.8 Calculate the terminal velocity of a spherical raindrop with a radius 0.5 mm falllng
through air. .ﬂah 9
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