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/Solids and Fluid Dynamics

After studying this chaptar, the stutonts will be able ta:

Distinguish betwaen Be struchines of crystall e, amerphale, and polynmeds sollds,

Cescrika thet deformation of golids In one dimension [That It 2 caused by & force and that In one

dimension, the deformaticn can batansils or compressive |

Dafine and uesa thetarme eTass, strain and the Young'e mod ulus

Dascribe an expetimend 1o delermine the Young's modulus of 2 metalwire:

Deecribe and r=ethe tems slastic deformation, plastic deformation andelastic limit

Justifywhy and apply the fact thatthe arsa under the force-cxiansion graph represants the work done

Letermine the elestic polentisl energy of 8 materdel [Thet is deformed within its limit of

proporiionality from the area under the force-extension.graph. Also state and usea EP-%;U-’ for &

matarial deformed withinlis lImH of proportianality]

Stete and useArchimedes” principle and Rotation

Justify hone ships are engineered o Roat in the saa

Lefine and spply the terms: steady (streamline or leminar? flow, incompressible flow and non -

yizcous fiow asapplied io the mation of anidesl fuid.

Stete and use equation of continuity to solve problems

Explzin that zqueszing tha end of & rubbar pips results inincreaza in flow velacity

Justify that the equationof continuibyls a form of fhe princlple of consaration ofmass.

Justify that the preseurs diffarenca can ariss rom diferant rates of fow of 3 fiukd [Bamoulli affest]

Explain end apply Bamaoullisaguation for hofzontel snd vertical Nuid ficw.

Explaln why rael flulds are viacous fiulds.

Describa how visceus forcas In afluld causs aratarding force an an objsct moving threughlt

Dascribe super Auidity [As The sbate inwhich a liquid will experience zeno viscosity, Stadents should

kncrw the irmplications of 1his state .. this allows For super uids to creepover the walla of containers

1o 'mmply’ themsalves, It dleo implies that i you sbr & supsfiuid, the voricas will kesp gpinning

ndafinitsty]

% Analyzethereal-word applications of the Bamoulli effact [For example, atomizare in parfume bottles,
1ha swinging trajectory of a spinning croicket ball and tha [l of & spinning golf ball {tha Magnus effect),
{he usae of Vanturs ducts n filtar pumps and car anginsers to adjust the Tow offluld, etz.]

e H0¢ $ @

24920 0e 290¢

atorials have spocific uses dapending upen their characterizlics and properties,

such as hardness, ductility, malleability, ste. Y¥hal makes a meial hard and othar
s50ft? It depends vpon the struslure, the particular order and bonding of atoms and
melecules in 2 material. Similary, the study of fluids in motfion ig relatively complicated
bul analysis can be simplified by making a few assumptions. The analysis is further
simplifiad by the usa oftwo important consarvation principles, the consarvation of mass
and conservation of energy. The |aw of corsarvation of mass gives us the equation of
continuity while the law of consarvation of anergy is the basis of Bermoulli's equation.
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51 CLASSIFICATIONOF SOLIDS Llrwx your i’-__fawmr:w._ 1

Crystalllne Sollds

In crystalline solids, there is a reaular arrangament of atoms
and molscules. The nelghbours of every mocleculs are
arranged in a regular pattem that is consistent threughout the
crysial. Therais, thus, an ordared siruchira in Crystalline aolids.

Most solids, like metals and ceramics have a crystalline
structure. Thia mesans their atoma, molecules or ions are
arranged in & regular pattem. The arrangement of oo
meleculas, atoms or ions within all types of crysialline solids ()
can be studied using various techniques such as Xoray &
Diffraction (XRD} and Transmisslon Electron Microscopy o i)
{TEM}. It should be noted that atoms, molecules or ions in a 1
crysialline solid are not static. For example, aach atom in &
crysial vibrates about a fixed point with an amplitude. that  Giassy and crystalline-salic-
increases with rise in temperature. It is the average atormic Shortand lengranpe ordar.
poailions which are perfectly ardered over large distances. [¥ror your mfarmation |
The cohesive ferves between atoms, molecules or ions in  Sedium lon CHlenine o
crysialline solids maintain the strict long-range order inspite of Y f

- f
atomic vibrations. For every crystal, howaver, thers s a q l
tempersture at which the vibrations become grester that the T_* ﬂf‘v
structure suddenly breaks up, and the solid melts. The T
transition from sclid {order) ta liquid (dizorder} is, therefore, I 1"
abrupt or disgentinuous. Every crystalline solid has a definite L "-:.“ (\"

: : ; ica i Latti
malting point e.g., Quartz, Galeita, Sugar, Mica, diamond, etc. m..f“
Amorphous or GlassySolids Nal erystal Lattica

The word ameorphous means without form orstructure. Thus, in amorphous solids there
Is no reguilar arangamant of molecules llka that In grystalling sollds. We can, therefors,
say thatamorzhous solids are mora like liquids with the disordered structure frozen in.
For examplg, ordinary glass, which is a solid at ordinary tamperatura, has ne regular
arrangement of molecules. On heating, it
gradually softens inlo a paste ke state
before it becomes a very viscous liquid at
almest BOO*C. Thus, amorphous solids
ara also callad glassy solids. This typa of .
solids has no definite meling peint e.9.. § P DI

plastic, glass, fused silicon, etc. Crystalling sollds Amcrphoes sallds
Polymeric Solids

Polymers are solid materials with a structure that is intermediate batwean order and
disorder. They can ba classified as partially or poorty erystalline solids.
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Pobymears fomm a large group of naturally occurring and synthetic materials. Plastics and
synthetic rubbers are termed as polymers because they are formed by polymerization
reactions in which relatively simple molecules are chamically combined into massive
long chain molecules, ar threedimensiconal struciures. These materials have rather low

specific gravity compared with even the lightest of metals, and yel exhibit gcu:ld strenglh

toweight ratic.

Polymers consistwholly of in part of chemical combinations of

carbon with oxygen, hydrogen, nitrogen 2nd other metsllic or
nan metallic elements. Palythena, polystyrene and nylon, ele.
ara axamplas of polymers. Natural rubber is composed in tha
pure state entirely of & hyd recarbon with the formula {C.H. ).

5.2 MECHANICAL PROPERTIES OF SOLIDS
Deformation In Selids

If we hald a sof rubber ball in our hand and than squeaeze it,
the shape or volume of the ball will change. However, if we
stop squeezing the ball, and open our hand, the ball will relurmn
to Its original spharcal shaps. Thiz has baan llustratad
schematicallyin Fig. 5.1.

Similady, if we hold two ends of a rubbar glrfing in our hands,

Far yol ‘3\’)\ mation

(@

S ()
cc
(5]

()

Farta of a PV molamula

and meve our hands apart to some axtent, the length of the Flg.5.1:
stiing will increase under the action of the applied force (a}Grginalrubberball

axarted by our hands. Greater tha appliad forca, larger will ba (b
the increasein length. Now on removing the appliedforce, the

] Sgueezed rubber hall
subjected force F by the
hend

strirg will ratum to its originallength. From these examples, it ©) m“" Sl SRE T ey

is concluded that deformation (i.e_, change in shape, length or
volume) |8 produced whaen a body |s subjectad to soma
external force.

In crystalline solids, atoms are usually arranged in a certain
order. Thege atoms are held about their equilibrium position,
which depends on the sitrength of the infer-atomic cohesive
force batween tham. Under the influsnca of axtamal fores,
distortion ocours in the solid bodies besause of the
displacemeant of the atoms frem their equilibrium position and
the body is said 1o be in a state of slress. After the removal of
external force, the atoms retum to thair equilibrium position,
and the body regains its original shape, provided that external
applied force was nat too great. The ability of the body to
retum to iis original shape is called elasticity. Figure 5.2.
illustrates deformation produced in a unit cell of a crystal
subjectad to an extemal applied force.

D
&

{2 Unstretched unk call

%

B Unitcoll under outwand
atrabehing fores

(] Unk call under Inmand
applied foroe

&%
[ Unltnal amar ramoving

applied force
Flg. 5.2
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53 STRESS,STRAINANDYOUNG'S MODULUS

The results of mechanical tests are usually expressed in terms 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 praduce any change in the shape,
volume or length of a body. Mathematically, tis expressed az:
Force (F)

et =1
Stress {0} Area () =1

The Sl unit af stress {@) is newton per square metre {N m®), which is given the name
pascal (Pa). Sfress may causa a change in length, volume and shape. Whan a stross
changes length, it is cal ed the tensils stress, when it changes the volume, itis called the
volume stress and when it changes the shape, it is called the shear stress_

Straln B LU

Strein is 8 measure of the deformation of a solid when I L
strassis applied to it. In the case of deformation in one
dimensicn, strain is defined as the fractional change
in langth. If AL is the change in length and-L, is tha
original length {Fig. 5.3-a), thenstrainis given by

i F
Yoluma ¥

ch in langth (AL 3
s angein length (AL} ° (5 F{&i‘ l | ,j— N

Criginal length (L) . V- AV
Since strain is the ratio- of lengths, il is i

dimensianless and therefore, has ne units. If strain o L.
£ is due to tensile stress . it is called tensile strain, | ==
and ifit is produced as a result of compressive stress

o, itis tammed as comireasivea strain.

In case when the epplied stress changes the yolume,
the change.in volume per unit volume is known as
volumetric strain as shown in Fig. 5.3 (b), thus

Flg. &.3{a): Tenslla strain

Flg. 53({b}: Valumalric straln

AV
Valumetric strain () = v cereenen (B3} .
e

£ Ak A ae—
Lely beihe distance betwesn two opposite faces of a | '
|

rigid bady (Fig. 5.3-c}, which are subjecled to shear |
strass one of Its face slldes through a distance Ax, /
v
Flg. 53¢} Shaer strain

@ |

then shearstrainis produced whichis is given by

Shear straln () =}i= B9 ..en. (5.4)



Physics T1) | 1‘*"
Howevaer, for amall value of angla 0, maasured In
radian tanf =6, sothat

For yirur iRen

Nthwghlt la named a-ﬁ-srti-waiéth
century British Sdentist Thames

SRH et 5 Sleat el e Rl
Young's Modulus In 1727 by Leanhard Eullar,
Tha streas applled par unit straln Table 5.1: Elasfic constants for some materals
is called Young's medulus Material | Young's Bulk Shenr
lnlo'l:iulu_lli M;dulu_uz Ho.dulu_s!
; PN PN | 10N
T Aumimiom | 70 70 a0
Tenzils strain Eeps Ty " a0
Brass a1 &1 LT
FA < =
e t5gy Leoidise 28
ALIL Copper 110 140 I
Diamond 1124 B0 450
It hag the sama unit as that of strass j.g,, _Slsa 55 il 23
N m* The vzlue of Young's modulus of 162 14 8 3
different material isgiven in Table 5.1. Lead 13 7.7 56
: : Mercury a iT 0
There are various methods to determine Saal 00 160 A4
the Yuurjg 5 I"I'IDd:.I|LI3 of a wire. Cne of the iheeion 0 500 )
method iz Searle’s method. Watar a 55 a

5.4 DETERMINATION OF YOUNGSMODULUS OF AWIRE

Experimentally, the magnitude of Young's modulus for a
material in the form of wire carrbe found out mostly with
the help of Seare’s apparatug aa shown in Fig. 5.4

It congiste of two wiras, refarance wirg and tost wire of
equal lengthe of same material having same diamstars
attarhed to a rigid support. Both wires are connected to
horzontal bars(frames F, and F.) at the other ends. Hang
a constant-weight to the hogk of horzontal bar of
raference ‘wira snd hanger on test wire so that wire
remains stretched and free from kinks.

Procedure

Tha following procedura is adapted for finding Young's

madulus of a wire experimeantally.

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

2. Maasure tha diamater d' of the wira using a scrow
guags. The diametar should be measured at saveral

Fig. 5 4: Seare’s apparalus
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different points along the wine and take average.

3. Adjust tha spirit leveal so that it is in horizontal position by fuming the micrometar,
Record the micrometer reading lo use it as the reference reading.

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

5. Adjust the micrometer screw 10 restore the spirit level in the horzontal position.
Subtract the first micromater reading from the second micrometer reading to obin

the extension of the lest wire. —
Braln soaFor -
b kg cteas A s?raln from tha following formula: A steel red and grubber band are
Stross = _Weight _F _mg subjected o a-same forca. Which
Araa of wira A are one will be stretched mare?
Strain = AL _ Changein length

i, Original l=ngth

7. Repest the above steps by increasing load on test
wire to obtain more values of stresses and streins.

8. Plotthe above values on stress strain graph, it should
be straight line. Now determine the value of slope Y.
Thavalua of slopa |s equal ta Young's modulus of wire.

5.5 ELASTIC DEFORMATION, PLASTIC DEFORMATION AND
ELASTIC LIMIT

In a tensile test machine, metal wire is extended at a specified deformation rate, and
strasses generated in the wira during defarmation are continuously measured by a
suttable alectronis devica fitted In the machanical testing maching, Forga-elongation
diagram or stress-strain.curve is plotted automatically on X-Y chart recorder, A typical
stress-strain curve fora ductile materialis shown in Fig. 5.5.

In the initial stage of deformaticn, stress is increased
linearly with-tha strain till we reach poinl A on the o
stress-strein curve. This is called proportional limit { ).
It Iz definad as the greatest sfress that a2 material can
withstand without losing straight line proporiionality
betwesn stress and strain. Hooke's law which states
that the strain (deformation) is directly propertional to
stress (force or load) is cbeyed in the region OA. From Stmin

Ato B, stress and strain are nol proportional. Flg. 5.5: Strass-sirain sune of 3

ic limi bzl ductle mataral.
Elastic limit yplealductiiama

Ifthe |oad is removed at any point betwean O and B, the curve will be retraced and the
material will return 19 its original state. In the region OB, the material is said O be

Strasn [a)
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slastic. The point B is called the yield point. The value of siress at B is known as alastic
limit o7,

Plastic Daformation

If the strass I Increased bayond the vield stress or alastic [Imit of the materlal, the
spacimen becomes peimanently changed and does not recover its original shape or
dimenszicn after the stress is remeved. This kind of behaviour is called plasticity. The
region of plasticity is represented by the porien of the curve from B 1o G, the point C in
Fig. 5.5 represents the ultimate tensile strength {UTS) o, of the materal. The UTS is
defined as the maximum stress that a materal can withstand, and can be regarded as
the neminal strength of the materal. Cnce point C comesponding to UTS s croseed, the
material breaks at poind 0, respanding the fracture stress (o).

Ductlle substances

Substances which undergo plastic deformation until they break, are known as ductile
substancas. For example, Lead, copperand wroughtiron areductile substances.

Brittle Substances

The substances which break just after the elasticlimit is reached, are known as brittle
substances. For example, glass and high carban steel are britle. Mareaver, Berglium,
Bismuth, Chromium are also britile metals.

Example 5.1 [ Astes|wire 12 mm in diameter is fastened to a log and is then pulled
by & tractor. The length of ateel wire between the log and the tractor is 11 m. A force of
10,000 N Is raquired to pull the log.-Calculate: (a) the strese and straln In the wire.
{0} how much does the wire stretch when the logis pulled? (E=200x107 N m®)

Soiwian | (a) Tongle stregg o = = — 10000N __gg 45, 4ooy
A 3.14(6%10°m)
—Z
Tpclesain v = ey e e DEBAG s i R Biorn B
i Strain Straln
_a
Strain | & 884G 1CNmM® _

200 = 10" N 2
{b} Using the relation; Strain = % or AL = Strainx L, = 4.4 *10 %11 m=4.84%10"m

5.6 STRAINENERGY IN DEFORMED MATERIALS

Whenh a body is deformed by a forcs, work is done against elastic restaring force. |t is
stored in it as its potantial anergy and 5 aqual to the gain in potential enargy of the
malecules of a body due to the displacement of these molecules from their mean
posilions.

Derivation of Expression for Energy Stored in a Stretched Material
Consider a materal in the form of a spring as shown in Fig. 5.6. |t is stretched by a
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force F through extension x. As the extension is directly
proportional to the slretching force within the elastic limit,
thersfore the force increases uniformly from zero to F as
shown in Fig. 5.7. Thus, tha average forca that stratchas tha
spring through x is1/2F. Hance work dene by the stretching
force will be given as:

Work done = Average forca x Distanca in tha direction ofthe force

W=;Fxx ......... 5.7)

From Hooke's |aw F= kix)
Therefore, W = [%krj_(x} =%kx’ spring _ I

or W = Areaof OPQ E‘

The work done by the stretching foree is stored in the Flg. 5.8
spring as its srained energy and is equal to the potential
anargy storad In Its molacules. F i

e
Strained energy storedinthe body £= 5 Fx =7 Kx*--(5.8)
| T RN

The amount of work done in stretching 2 malenal is equal to the
averags fores applied mulpllad by tha distancs mowved.

Tharafors, the area under g force-exdension graph represants tha
work done to stretch the metedal. Work done 1o stratch thes meterislis o
alsn equal to elaslic PE. storad inthe matenal.

w

Fig. 5.7
5.7 ARCHIMEDES" PRINCIPLE AND FLOATATION

An airilled ballaon immediately shoots up to the surface when releasad undar the
surface of water. The samewould happen if a piece of wood is raleased undar water. Ve
might have noticad that & mug filled with walter feals light under water but feals heavy as
s00n as wa take it nut of water.

Meore than two thousand years age, the Greek scientist, Archimedes noticed thet there
iz an upward force which actz on an object which ig kept inside & liquid. As a result, an
apparent reducion in weaight of the objecl is observed. This upward forca acting on the
objectis called the upthrust of the liquid. Archimedes’ principls states that:

When an object is totally or partially immersed in a liquid, an

upthrust acls on il equal o the weight of the fluid il displaces.
Consider a solid cylinder of cross-sectional 2rez A and haight / immerzed in a liquid as

shown in Fig. 5.8. Let i1, and h, be the depths of the top and bottom faces of the qylinder
respectively from the surfece of the liquid. Then
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B B e s o R e ;..:——:_:..q""‘
A
If £, and P.are the liquid pressures at depths ki, snd f, T ", £
raspactively and p is its density, then using equation ¥ =
B=pghofliquid prassure at haight h: i 1‘
h
P =pgh, }
and P,=pgh, e =
Lel the force F, b axarted at the top of cylindar by the :
liquid dus to prossurs P, and the force F, be axortad
at the bottem of the cylinder by the liquid due to P,
Then F,=PA=pgh,A Fig. 5.4: Uplhrusl on & body
irnmerzad in 3 liquid is squal to
and F.=FP.A=pghA therweight of e liquid displacad,

F, and F, are the forces acting on the opposite faces of the cylindar, Therefore, the net
force F will be equal to the difference of these forees. This netforce F on the edinder is
called the upthruet of the liguid. Henca

Fz_F1 = PghrA_Pgh1A

For voum mifor s? 4

= POAN—R). e 50} 4 icdag was bom abon ze7 BE,
s in Syracus on [ha lskand of Sialy. He
or Upthrust of liquid = pgah was Kllisd by a Roman saldler afar
he refused to leave his mathematical
Upthrust= pgV¥ .......005%n....{511) work,

Here Ahis the volume V of the cylinder and is equal to the voluma of the liguid displaced
by the cinder, therefore, pgVisthe weight of the: liquid displaced. This equalion shows
that an upthrust acts on a body immersed in a liguid and is equal to the weight of liquid
displaced, whichis Archimede's principle.

smpie 5.2

Awocden cube of sides 10 ¢m each has been dipped completaly in
waler Calculats the upthurstofwater actingenif.

tien B Glven
Length of side L=10cm=01m
Volumea V= L={31m’=1x10"m
Density of water  p = 1000 kg m’® I win ioaser Dl
Upthrust F=7 Why doaa a ahip made of
Using Archimede's principle m‘:’:;ﬁzlmugmm
Upthrust of water = pgV¥

=1000kgm*x88ms x 111 m' =68N
Thus, upthrust of water acting on the wooden cube is 9.8 N.
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Floatation

An object sinks into 2 fluid if its weight is greater than the upthrust acting on it. However,

an object fleats if its weight is egual or less than the upthmust. When an object foats ina

fluid, the upthrust acting on it is equal to the weight of the ohject In case of floating

object, the object may be partially immerzsed. The upthrust iz always equal to the weight
of the fluid displaced by the object. This is tha principle of flcatation. Itstates that:

A floating objact displaces a fluid having weight equal 1o the waight of tha objact.

Archimedas’ principle is applicabls on liquids as well as on gases. We find numsrous
applications of this prnciple in our daily life.

Applications
Following are somaimportant applications of Archimades’ principle.
1. Hot-alrballoon

The reasan why hot-airballoons (Fig. 5.9} rise and flost in mid-airis
bacausa of tha dansity of tha hot-air ballboh is less than the
surrgunding air. When the upthrust of the surrounded airis more, it
starts ko rise. This is done by varying the quantity of hot airin the
balloon.

2. Wooden block floating on water

Awooden block floats on water. It is because the
weight of an equal voclumea of water is-greater than
thea waight ofthe block. Accarding to the principls of
floatation, e body floats if its-displaced water is |
egual to the weight of the body wheniit is partially or

complstely immarsad inwater. :

3. Shipsandboats'<

Ships and beats. are designed on the same =
principle of fioatation. They carry passengers and =

goods over water. It would sink In water If I1ts total
weight becomas graater than the upthrust of water.

4. Submarine

A submaring can travel over as well as uncler
watar using the same principle of floatation.

It floats over water when the weight of water
equal 1o its volurne is gregter than its weight.
Under this condition, it is similar to a =hip and
ramains partially above water leval. It has a ; -
systern of tanks which can be filled with and B i
smptied from seawater. When these tanks are  Flg.5.10 (b): Submarine
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filled with seawater, the weight of the submarine increases. As soon as its weight

bacomes greater than the upthrust, it dives into waterand remains under water. To come
up on the surface, thetanks are made ampty from seawater.

Exampia 5.3 [ An empty meteorclogical balloon weighs B0 N. Itis filled with 10 cubic
metres of hydrogen. How much maximum contents the balloon can lift besides its own
weight? The density ofhydrogen is 008 kg m* and the density of airis 1.3 kg m™.

Sodution Glven:

Yeight of the balloon w = 80N
Volume of hydrogen =10m'
Danzity of hydrogan p, = 0.09 kg m®
Density of air P =13kgm®
Weight of hydrogen  w, =7
Weight of the contenta w, =7
Upthrust F = Weight of airdisplaced
=p.gVv
=13kgm*x9.8ms x10m’
=124 N
Welght of hydrogen W, = pVg
=0.00kgm X 10 m*x @8 ms*
=882N
Total waight lifted F = WHw W,
To lift the contents, the fotal-waight of the balloon should not exceed F.
Thus wtw +w, =F
BON+BBZN+w, =1274 N
or w, =38.58 N

Thus, the'maximum weight of 38.5&8 N can be lifted by the balloon in addition te its own
weight.

9.8 STEADY, NON-VISCOUS AND IDEAL FLUID

Maving fluids have greatimportancs. In order to find the behaviour oftha fluid in motion,
we consider their flow through the pipes. When a fluid is in metion, its flow can take place
in two ways, sithersireamline or turbulent.

Streamline or Laminar Flow

Tha flow is said ta ba streamlins orlaminar Row.
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If every particle that passes a particular point, moves along exactly the
same palh, as followed by particles which passed that points earier.

In & steady flow of a fiuid, the motion of the particles
is smooth and regular, as shown in Fig. 5.11. The -

smooth path followed by fluid parlides in laminar

flow iz called a streamline. The streamline may be

the straight or curved and tangerd to any point J—
gives tha direction of flow of a fluid. Tha differant  Fig. 5.11: Streamiines (laminar flow)
streamlines cannot cross each other.
Exampla: Afluid flowing in 2 pipe as shown in
Fig. 5.12 will have cerain velocity v, at P, a
velogily v, at Gt and s on. T the velocity of a
particle of the fluid at P, Q and R does net

: : Fig. 3.12: The velocities of the parficles at
_char!ge with the passage of time, t_he n the flow diférent poltsenstreamiine.
is said to be steedy flow ar streamline flow.

The line PQR which represants the path followsd-by tha
paticls s callsd & streamlina. It reprasents the fixed path
followad by orderly procassing particles. In streamline flow, all

L 4

the particles passing through P also pass through Q and R. It
maans that two streamilines cannot crozs each other,

Turbulent Flow

The imegular or unsieady flow of

the fluid is called turbulent flow.
Above a certain velocity of the fluid flow, the motion of the
fluid becomes unsteady-and irregular. Under this
condition, the welecity of the fluid changes abruptly as
shown in the Fig. 5.13. In this case, the axact path of the
particles cannotbeconsidered.

If two streamiines cross aach othar, then the pardcles will
ga in one.cr in the other direclions and flow will not be a
steady flow. Such a flow is a turbulent flow. When the flow
is unsteady or turbulent, there are eddies and whirlpools
in the molion and the paths of the particles are
continuously changing.

Ideal Fluld

The behaviour of the fluid which satisfies the following
conditions |s called ldeal fluld:

Flg. 5.1%: Turbulent fliow

Farnula Qne rasdng cars havs a
streamlined design.

St : H i g Coiphine hava straamined bodies
1. The fluid is non-viscous i.e., thers iz no frictional ta a';hmgtthﬂr Mmovameit I water

foree batween adjscant layars ofthe fluid.
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2. Thefluid isincompressible i.e., its density is constant
3. Thefluid mation is steady.
Rate of Flow

The rate of flow of a fluid through & pipe is the velume of

tha fluid passing through any section of pips par unit tirme.
Formula For Rate of Flow = x
Consider a fluid flowing through a pipe of arsa |q " |I/\\
of cross-section A as shown in Fig. 5.14. Lat ' | \)
the veloGity of the fluid be vand it flows through l\—/ . : . }

the pipe for time ¢, then the distance coverad by O™
the fluidin ime is: ' -

Fig. 5.14: Rate of fow.of a liquid
£=vf . 4

where £ isthe lengih of the pips through which the fluid passesin time ¢ Volume of the
fluid passing throughthe pipein time £, is:

Axé=Avt
Thus  The rate of flow of the liquid = ~YAUTS
Tims
= ﬂ = Av
t
Rate offlow ~=Av....._..._ .. (5.12)

In Sl units, it is maasured in cubic matre par sacond (M® 8”'). Sometimes, it is also
measured in litras persecond {Ls™).

Steady Flow
If the overall flow paltern dose not change with tima, the flow & called steady Aow.
In staady flow, avery particle of the fluid fol lews the sama flow ling asits provious particle.
59 EQUATION OF CONTINUITY

Statement

The praduct of cross-sectional ares of the pige and
the fluid speed {i.c., £Av) at any point along the pipe
i3 a constant. This constant is equal to the volume
flow parsecand oftha fluid or simply the flow rata.

Volume:
Time
Considera fluid flowing through & pipa of non-uniform gize. F18- 515 Steady flow of a fluid

Thus Av = Constant =
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Thea particles in the fluid move along the same linas in a steady state flow a3 shown in
Fig5.15.

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

.ﬂ.xT =V M.{5'13:] - Scseniifc Fact -
LalA, be the area of oross-section of the lowerend, then  Euler chtained the continuity
eguation for B incompressible fuid
volums of the fluld that fiows Into the tube at A, Is: with & large number f terms In

V = Aax, 1752. Lator, It was ranalated by
C. Truaadallfrom Englishin 1854,
or YV = Avat

If p, is the dengity of the fluid, then the mass of the fluid centained in the shaded region
{through A,]is:

Am, = Veluma = Dangity
ar Amn= Av, A x p.
Similarly. the mass of the fluid that moves with velocity v; threugh the upper end of the
plpahaving cross-gactional area A, Intha same ime Af 15 glven by

Am, = AN, M x p,
where n, is the density of the fluid flawing outthrough A, and Am, indicates small mass.

If the fluid is incompressible and the flowis steady, the mass of the fluid is conserved.
That is the mass flowing into the bottom of the pipe through A, in & time Af mustbes equal
to the fluid flowing outthaugh 4, in the seme time. Therefare,

AR, = Al v eeeie s sssesssenniens (5.14)
So A ALY p o= A AFx p,
or Aviphs= AVpgo (B8]

Equation {5.15) Iz called the eguation of continulty. Since density ks constant for the
steady flow of incompressible fluid, therefore, the equation of continuity becomes:

A A e sTE)

Equation {&.15} states that in steady flow, the rate of flow of the fluid inward is equdl to
tha rate of low of the fluid cutward.
This equation juslifies the conservation of mass of the fluid which is flowing through
apipe.

Eammple 5.4 |1 Awater hosa with a2n intemal diamater of 20 mm at the outlet discharge

30 kg of water in Bﬂ &. Calculate the watar spead at the outlet. Assume the density of
wateris 1000 kgm™® and its flow is steady.

Intarmal dlameater of water hose O =20mm =0.02m

Solrtion | Radius D _002m _
el 2 0.01m
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Mass of water m = 30kyg
Time taken I = 60s
Donsity ofwatar p = 1000 kgm®
Speed of water v=7
Mass flow per second mft = 30kg/80s
= 0.5kgs"
Cross-sectonalarea A = nr®
=3.14x(0.01 my ¥ v,
As the water falla,” ks speed
=314 x10%*m’ increases and so lecss saclional

: o freadecregeds 8 mandatad by tha
From eguation of continuily. the mess of water  continuityequalion

dizcharzing perzecond through area Ale:

pAu’ = Mass/Secand -.Gi-‘u‘rye;lm{xm .
The equation of continuity is
= Mass [ Sacond _ ‘abpliedto:
pé () blood flowin arterss and velns
0.5 kg s* - (i) water flowinrivers and pipes

V= 5 (iii) air flow in duct and ventilation
1000 kg m™ = 344 >0 0 SO

=16ms"
5.10 INCREASEINFLOWVELOCITY

We can increass the flow valocity of water in & rubber pipe by sgueszing it. When we
squeeze the nubber pipe, we deerease the cross-sactional area through which the water
flows. According to the equation of continuity,

AFI"‘T = A?v!

whera A is the cross-sactional area and vis the flow valacity. By decreasing the cross-
sectional arga (A, < A}, the valosity of the watar {11,) must Increasa to malntaln tha same
flow rate. Therefore, squeezing the rubber pipe increases the fiow velocity of fluid.

5.11 BERNOULLI'S EQUATION
The sum of presaure, K.E. per unit volums

and BE. per unit volume of an ideal fluid
throughout its steady flow remains constant

As the fluid moves through a pipe of varying cross- ¢
section and height, the pressure will change along
tha pipe. Eemoulll's eguaticn Is the fundamental B e -
equation in fluid dynamics that relates pressure to N T R E L

fram the end of a gamen hose incesses
fluid speed and height. azthe hose is squeezed with Lhe thumb.
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In deriving Bemoulli's equation, we assumethat the fluid is incompressible, non-viscous
and flows in a steady state manner. Let us consider the flow of the fluid through the pipe
in time ¢, as shown in Fig. 5.17. P

The force onthe upperendof L .
the fluid is P,A, where F, isthe (5| |
pressure and A, is the area of
cross-section atthe upper end.
Tha work dana an the fluld, by
the fluid behind it, in moving it
thiough a distance Ax,, will be:

W, = Fdx, = PAAX

Similarly, the work done on the:
fluid elthe lower end is: Flg. 5.17: An ideal flow of fluid through a non-unifarm
cross-gection pip at different heights.
W, = - R, = -PAAY, o 4

where P, is the pressure, A . is the area of cross-section of lower end and Ax, is the
distance moved by the fluid in same time interval . Tha work W, is taken toba -ve asthis
work is done against the fluid force. Tha net work done will ba:

W=W + W,
or W= PA AN, - PAGRR, e (5.17)
If v, and v, arethe valocitiss at the uppet and lower ands respactively, then

s P1A1 V“ > P’ Aﬂvit - HBrain teazer -

From egquation of continuly; Fina s e ahar obs Elineebal
Ay, =AW in bazeball elate to Bernoulli's
inciple?
Herce Avid=Ay =V (vclume) REE S
S0 W R i e R B

If m is the mass and p is the density, then Vv = % So, Eq. (5.18) becomes:
W:(H—P,)F .................................. {5.15)

A part of this work is utilized by the fluid in chenging its K.E. and a part i2 used in
changing its gravitational P.E.

Changs in K.E. = AK.E, = %mv;— %mvf ............................. (5.20)
Change In PE. = APE= MOR, = MG eeereereeensvercsnaenn {5.21)

where f1, and h, are the heights of the upper and lower ends respectively.
Applying the law of conservation of energy to this volume of the fluid, we have
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(P _pﬂ)ﬂ = %mvzﬂ —%mv.q“ +mgh, —mah, _.....[5.22)
P

Rearrangirg Eq. (5.22), we have
1 1
R+sed +pgh =B +zpv +pgh,
This is Bermoulli's equation and is oftan axpressed as:

P +% p¥? + pgh = constant

5.12 USES OF BERNOULLI'S EQUATION

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

1.  Aeroplane Wings

Uplifting of an aeroplana is dua to tha dasigning of
Its wings, which deflect the alr so thal efreamlinas
are closer together above the wing than below it as
illustrated in Fig.5.18. \We have seen that where
tha straamiines are forced closer togethar,. the
speed is faster. Thus, air is travelling faster onthe Flg. 5.18: Lift of an acmplanc
upper side of the wing than

oh the lower. The prassure wil ba lowearat the top

of the wing, and the wing will be forced upward and Defiecton fores
the |ift of Bn acroplanzia due to thiz effect.

2. SwingofaBall

When a ball is thrown or kicked with spin or the = -
ball is mads smoothar on one side by the bowlar = o=
and remains reugh on the other side, the air = =
movas faster everrough sids and slows overthe -~ -
smoothar {Flg. 5.19). According to Barnoulll's S T—
equation, the faster moving air crestes lower 'F:‘rg:;[m
pressure, while the alower moving air creates

higher pressura, thle pressure difference Spinning Ll
generates a sideways force, known as Magnus .,-"
effectwhich causes the ballto curvesin the air. e

3_ Fi |tﬂ'r Pump Fig. 5.13: Turbulent flow

Adilter pump has a consfriction in the cenire, so that a jet of water from the tap flows
fastar harg. This causes a drop in prassure hear it and air, therafore, fiows in from
the side {ube. The air and water together are expelled through the lower part of the
pumg {Fig. 5.20}.
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Water
Alr
i I
Lo T
% proseure
Law
(AL
Gas
Fig. 5.21: Flg. 5.22 A stream of gir passin
Fig. 5.20: Turbulentflow  Carburetor of an engine mluara tubecipped in aliquid. :

4. Carburetor

Tha carbureter of a car engine uses a Venturi duct 1o fead tha comect mixture of air and
palrol to the cylindars. Air is drawn through the duct and-along a pipe to the cylinders
(Fig. 5.21). Atiny 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 airstream.

5. PaintSprayer

A stream of air passing cver a tube dippad in 3 liquid will cause the liquid to rizs in the
tuba as shown in Fig. 5.22. This effectis usad in parffume bottles and paint sprayers.
Actually when tha rubber ball of atomizer Is sguaezead, the alr ks blown through tube ang
it ushes out through the namow aperture with high speed and it causes fall of pressure.
So, the atmeapheric preasure pushes the perfume up leading to the namow aperture.

6. Venturi Relation

Consider a pipe within which a fluid of density pis =~ %
flowing through differant areas of cross-section
asshownintheFig: 5.23.

Lel A, be the cress-sectional area at wide end and
A be the crogs-aectional area at namow portion.

Suppose that v, and v, be the flow speads at the
wide and namow portions respectively. Fressure
F, and F, indicate the liquid pressure at both
the porions by connecting tha limbs of the  Fig. 5.23; Yentur meter
manometer

As the pipe is placed hofzontally, therefore, we cansidar that average potential enargy
is the same at both plages while using Bemoulli's equation.

Thus, Barnoull's equation cah be written as:
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1 1
Biopvi= B ——py? . -
i z i 25 PYz l Interesting Information I
Pop — 1 e 1 8 It Is claar frem the rasult of
il 1702 = ZPVe 7PV Bermoulll's Equatien for harlzental
4 pipe that "where epeed is high, the
or F-B =_p (vf = vf) __________________ {5.23) preasura will ba low'.
2 Mathematically,
From tha aguatinh of continuity: 1
oY=
Hipoim i P+ 5 P¥= constant
A
or W= ==
1 A1

Az the cross-sectional arsa A, is small as cempared to the ares A, asis clear rom the
figure, i.e. A, < A,. So, v, will ba small as compared to v,.. Thus, the speed of the fluid is
vary slow in wider perfion of the pipa a2 compared to tha narrow portion, So, wa can
naglast v, on the Hght-hand side ofEqQ.(5.23). Hanges

PP, = %pvzz e O

This is known as Venturi relation, which is used in venluri mater, a devica used to
maasure spaad of liquid flow.

7. Torricelll's Theorem

A simple application of Bernoulli's equetion is
shown in Fig. 5.24. Suppose a large tank of fluid
has two amall orfices Aand B on it Let usfind the
speedwith which the water igws from the orifice A,

Sinca the orifices are so small, the oflux speeds 1,
and v, will be much larger than the spesd v, of the
top surface of water. We can therefore, take v, as
approximately zero. Hence, Bemoulli's equation
can bowrittan as:

q s
R+ pgh=Ft 2 pvy + pgh, Flg.5.24:
Atank comaining fiuld with a orifies.

But P = Pa= Almospheric pressure

Therefore, the above equation becomes:

I 2T S (5.25)

Thig is Torricelli'a thecram which stalea that:

The speed of eflux is equal 1o the velocity gained by the fluid in
falling through the distance (i1, - h,} under the action of gravity.




S Physles 11 \laep chgte( 5 Solids and Fluid Dyarnics

Notics that the spaed of the offlux of liquid is the same as the speed of a ball that falls
through a height {1, - &,). The top level of the tank has moved down a lithe and the PE.
has baan transfarmed into K E. of the efflux of fluid. If the orifice had bean pointad upward
atB as shown in Fig.6.4, this K.E. would allow the liquid to risa to the lavel of walar tank.
In practice, viscous-energy losses would alterthe resultto some extent.

513 VISCOUS DRAGAND STOKES' LAW Far Yaur Information

Viscoaities of Liguids
The frictional effect between different layers of a flowing fluld and Gases ot 30°C

is described in terms of viscosity of the fluid. Viscosilty  materal Viscosity
; ; : 107 (N s ¥
measures, how much foree is required to slide one layer of the A 0.019
liquid ovar another layer. Substances that do not flow sasily, R 1 sz55
such as thick tar and honey, sic., havs large cosfliciants of  eianel 0.510
viscoslty, usually denoted by Groek lattar 'n'. Substancos  Benrens 0.564
which flow easily, like water, have small coefficient of “Water 0.801
viscosities. Since liquids and gasea have noh Zero viscoaity, . Ethanol 1.000
tharefore, a foree is required if an object is o be mavad  Flema 16
through them. Even the small viscosity of the air causes a  Gi¥earin Hi

large retarding force on 2 car as it travels at high speed. Fyou E Do you know? gg‘
stick out your hand out of the window of & fast moving car, you =

can easily recognize that considerable force hastobaexerted ———— ==

on your hand to move it through the air- These ars typical
examples of thefollowing fact.

An object moving through a fluid experiences a retarding force
called a drag force. The drag fortedincreases as the speed of
tha object increases.

Even in the simplesi cases, the exacl value of the drag force is
difficult to calculate. However, the case of a sphere moving
through a fluid is of greatimportance.

The drag force F on a aphere of radius r moving slowly with
spesd vthrough a fluld of viecoslty n Is glven by Stokes’ law as
under:

F=Bmnrv . coovceceeen o (5.26) Achimney works bastwhen I

Howsvar, at high spesds the foree I no longsr simply ::!u;:h:n:h:;mr::fmt: 1;:

proportional to speed. pres=ure at the bop and forces

5.14 TERMINAL VELOCITY it i

Consider awater droplet having radius rsuch as that of fog falling verlically, the air drag
on the water droplat incraases with speed. The droplet aceslarates rapidly undar the
over powering force of gravity which pulls the droplet rapidly downward due to force of
gravity. However, the upward drag forca on it increases as the speed of the droplet
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increases. Tha net force on the droplet is
Net force = YWalght — Drag forea .................... (8.27)

Az tha spaed of the droplet continues to increase, the drag force eveniually appreaches
the waight in the magnitude. Finglly, when the magnitude of the drag force becomes
equal ta the weight, the net farce acling on the droplet is zero. Then the droplet will fall
with constant spesd called terminal valocity.
To find the tarminal velocity v, in this cass, wa usa Stokes' law for the drag force.
Equating it to the weight cf tha drop, we hava

0 = mg - Bunrv,

v =4

e {5.28}

3
The mass ¢f the droplst Is pV, whera V =% 7 r Ig the volumeof tha spherg.

Substituting above values in the Eq. (5268}, we have

s :
e N
9n
Exampie 55 || A tiny water droplet of radius0.010 cm descends through sir from a

high building. Calculata its terminal velacity. Given that n forair=19x 10" kg m" 5" and
dengity oFwater p= 1000 kg m*.

Solutron
r=10x10"m, p=1000kgm?®, n=18x10"kgm's"
Putting the above valuasinEng. (5.29)
, _2x98msTx(1.0 %10 m) 1000 kgm™
! Bx19x10°kgm &'
Terminal velocity=1.1ms".

515 RE-AL FLUIDS AREVISCOUS FLUIDS
Ideal fluid

Itis a Auid that does not have viscosity end cannct be compressed. This type of fluid
cannot exist practically.

Real fluid

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

Examples: Keruséne oil, castor oil and honey ete.

Comparson of ldeal and Real Flulds

An example of ideal fluid cannot be provided because it does not exist in the real word.
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However, evary fluid that we see around us like water, diesel, petrol, honay, etc. are real
fluids. Moreover, differences in viscosity can be found in real life, for example, honey is
more viscous than water. Bemculli's 2quation states that the speed of fluid flow is
increased as a result of a simultaneous decreasa in the potantial snergy of the fluid ora
daergasa in tha static pressure an the fluid. When a fluid is viscous, it assentially refars
to the thickness of the fluid erthe friction, the fluid faces while Tluid lows. Thersforg, ideal
fluids do not face the cppesing force and have a non-viscous flow, while real fluids have
aviscous flow. Ideal flulds are Incompresslble. [t1s not 2ls0 subjectad to surfaca tansian,

5.16 SUPERFLUIDS

Superfluidity is 1he charactaristic property of fluids with zero viscosity ile., flow is
frigtionlesa. Aaubstance exhibiting this property i2 & superfiuid. Superfluids Now without
lose of kinetic energy. They can flow through incredibly narrow spaces without any
friction.

Superfluidity is achieved in some substances at = —p

extremely low temperature. For example, in fluid - ; -~ -

dynamics, a vorlex is region in a fluid in which the | FEmchutes increase air resistance
L ; [drag} by creating a larpge surface

flow revolves around an axial line, which may be e e

straight or curved. The vortices are generallycreated gravity. This slows down the persons

at a moving boundary due to fricionless canditions,  fall, allowing them io land safaly.

Yortices move with the fluid and dispersad by the

action of viscosity.

Superfluid helium-3 is the most studied example of

superfluidity. It changes from a liquid 1o a superfluids | e i
just a few degres bslow ils bolling point of -452°F  Superfuids can “climb” up walls and
{(-269°C or 4 K). Supserfluids hslium—d moving as a  over adges of contriners becausa
narmal glear ligquld, but It has no viscosity. Thig  they do nol experiance friction llke
means that once it startsto flow, it keeps moving past PATR ey

any obslacles,

Superfluidity Applications

Currently, there are few practical uses for superfluids. Superfluid helium-4 serves as a
coolant far high-field magnets. Baoth helium-3 and helium-4 are utilized in advanced
particle detectors. Researching superfluidity also helps us learn more about
supersond uctivity.

Liguid helium is recoghized for its great thermal conductivity and is used in cryogenic
applications, including cotling suparconducting magnets, scisnhtific rasearch, and
medical uses. Additionally, it is employed in industry for leak testing and in the
praduction of electranic and optical products.
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QUESTIONS

@ Muitipie Cholce Questions |

Tick (+) the correct answer.
5.1 Theregion of stress-sirain curvewhich obeys Hooke's lawis:
{z) proportional limit  {b)elasticregion ({c)plasticregion {d}yield limit
5.2 Which ofthe following is more elastic?
{a) Rubkar (b)Wood {c}Sponge {d} Steel
5.3 Which ofthe following is polymer aolid? o )
{=)Wool {b)Glass {c} Sadiumchlorde; {d)Copper
8.4 The effect of decrease of pressure with the increase in spead"'uf a fluid in horizontal
pipsis: :
{z)Torrceli's effect () Bernoulli's effect (c) Venture's affect  (d) Doppler's effect
58 The pressure willbe low when speed of a fluidds: )
{2)zer {oyhigh [ (c)low {d) constant
5.8 As perlawoffluid friction for steady streafiine flow, the friction:
{a) varies proportionally to velocity nfﬂuld
{b)varies inversely proportional to pressure
{c) does not depend on pressure - '
{d} firstingreases then dems'ases

5.7 If a stone is submerged-ih water and it weighs less in water than in air, this
phermamenon is dugo;

{a) the reduction of massin water (b}incraasa of dansity in water

{c) buoyartforce acting upwards {d} the gravitationalforce actingupward
6.8 Thapr nﬁp{éﬁfﬂoamtlnn l& a direct appllcation of:

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

{c)Archimedes' principle (o} Newton's third law
5.8 Anideal flow of any fluid must satisfy:

{8} Pascal law (b} Barnoullfs aquation

{c) Continuity equationonly {d} Both {b)and {c)
5.10 Thelift forca experianced by an aeroplana wings is primarily dus to:

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

{c) preceure differenca abova and balow the wing (d} gravitational force
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5.11 In madical fisld, a veniure mask, usad to deliver a known oxygen concentration to
patients operates is based on:

{g) Newton’s third 2w (byArchimedes' principle
{c]) Pascal's law {dYBarnoulli's principke
5.12 Which of the following is a defining eharactenstic of a supefiuid?
{a) Zaraviscosity (k) Infinila density
{c) Zero temperature (d) Infnlie tharmal conductivity

Short Answer Ouestions

5.1 Whatismeant by (i} cohasiveforca (i) viscosity?

5.2 Differentiate between streamling and turbulent flow of 2 fluid.

5.2 Howdoes pressure changeswith depth Influlds?

54 Howisvariation in pressure related to speed of a fluid?

5.5 Howizthe flowrate relsted totha croes-sectional area and velocity of the fluid?

5.8 How do you study the variation in valodty of afluid at differant points in a hosa with
varying diameter?

5.7 Howdossanobjsctfloat orsink according to Archimedes Frinclpla®?

5.8 HowdossArchimedas reportedly discovarthe principle that bears his nama?

5.9 Whystanding nearfast maving train is dangerous? Explain brigfly.

5.7 0'What are scma potantlal applications of sugerfiuldity?

5.11 Differentiate between shress, strainand Young's modulus. Write down their 31 units.

#l Constructed Response Questions
5.7 The ratlo stregs/straln remalns constant for small defarmation. Yhat will be effect

onthis ratiowhen the deformation made is very large?

5.2 Whah purewater falls on a fiat glazs plate, it spreads on the platewhile tha mercury,
when falls on the same plete gets converted into small glebules. Why?

5.2 According to Bemoulli's thecram, the prassure cf a fluid should remain uniform
in 2 pipe of uniforn radius. But actually, it goes on decreasing. Why is it so?

5.4 Why wings of an aeroplane are rounded cutward whila fiattenad inward?

5.5 What is the difference in real fluid, ideal fluid and superiuid? Which of thesa really
axits in thaworld ? Explain.

5.6 Why s the study of supariulds Important for advancing our knowlacge of low
tamparature physics?
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Comprehensive Questions

Explain in datail the classification of sclids with raspect to atomic arrangamants.
What Is Archimadas’ principle? Explain It Indatall for finding upthrust.

Justify that mass remains conserved when a fluid lows through a pipe.

Explaln the term superfiuldity.

State and deardve equation af continuity.

State and prove Bernoull's squation.

Giva some practical applications of Barnoulli's equation.

Define terminal velpcity of a body and show that terminal velocity is directly
proportional to the squars of radius of the body.

Numerical Problems

Asteel wire of length 2 metres and cross-sectional area.of 2 x 10° m’is stretched by
a force of 400 N. If the Young's modulus of steglis 2 x 10" N m*, cakulate the
extension of the wire. {Ans: 0.002 m)
Aspring with a spring constart 200 N mIs stretched by 0.5 m. Find tha elastic PE.
stored in tha spring. {Ans: 25.1)
Acopper wirg of langth 2 metras and cross-sectional area of 13 10° m’ is subjected
to a force of 500 M. Calculate the stress and strain preduced in tha wirs. {Young's
modulus ofcopper Y =1.1x10"Nm®) {Ans:5x10°"N m?, 0.00455)
A block of wood of mass-10 kg and denstty of 800 kg m? Iz floating In water.
Caleulate the buayant force acting onthe block. (Density ofwater = 1000 kgm™® }
(Ans: 58 N)
Water flows through'a pipe with a diameter of 0.05 m at a velocity of 2Zm s”. If the
pipe narrows-to a diameter of 0.02 m, calculate the velocity of water at namow
section. (Ans:8.56ms™)

Water flews through & horizontal pipe with a velocity of 3 m s and pressurs of
200,000 Pa at point 1. At the nozzle {point 2), the pressure decreases (o
atmospheric pressure 101,300 Pa and the velocity increases to 14 m g7, Cakulate
the velncity of the water exiting the nozde. (Density of water= 1000 kg m™)

{Ang: 1437 ms™"
Atank filled with water has a hole at a depth of 5 m from the watersurface. Calculate
the veloclty of water fiowlng out of the hole. (Ans: 8.9ms")
Cakulate the terminal velocity of a spherical raindrop with a radius 0.5 mm falling
through tha air.{nforair=15x10°kgm’s’, p= 1000kg m*forwatar}

{Ans: 2865 m s™)




