CHAPTER - 09

MECHANICAL PROPERTIES OF FLUIDS
(R 9erdt & JfAw aqor)

HET-11 (b

The basic property of a fluid is that it can
flow. The fluid does not have any resistance to
change of its shape. Thus, the shape of a fluid
is governed by the shape of its container.

forel aer werd 1 T 0T F§ § F T varRd
& TFaT ¥ ga F 39F HER F  aRadeT @
FIs TTRIY 6T 8ielT| 38 TR, el ool gt
g_w‘r HR 3T+ HeeaR & IHR T [T gar
|

A liquid is incompressible and has a free sur-
face of its own. A gas is compressible and it
expands to occupy all the space available to
it.
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If F is the normal force exerted by a fluid on
an area A then the average pressure

Pav = F/A
[P] = [F_ w =[ML'T"
[4] [£°]
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The unit of the pressure is the pascal (Pa).
It is the same as N m?2. Other common units
of pressure are 1 atm = 1.01x10°% Pa

1 bar = 10° Pa
1 torr = 133 Pa = 0.133 kPa
1 mm of Hg = 1 torr = 133 Pa

eaTd &Y ghIS UEhel (Pa)el I8 N m2. gard &r
3T AT 3HEAl 1 atm = 1.01x105 Pa

1 bar= 10° Pa
1 torr = 133 Pa = 0.133 kPa
1 mm of Hg = 1 torr = 133 Pa

Pascal’s law : When pressure is applied to an
enclosed fluid , it transmitted to every point
of the fluid and the walls of the container

without diminishing.

qEhel &l 9d : S9 fordl IReg ged W g
ST ST § o T8 Ged o Ucdeh AT d urd &l
QaRt o =T &fior gU FaRd @l ¢ |

The pressure inside a liquid changes with
depth h according to this expression

P = Pa + pgh
where p is the density of the fluid, assumed

uniform.
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ot & TR TRaAfd gl §

P = Pa + pgh
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Viscosity

The property of a fluid by virtue of which
it opposes the relative motion between its
different layers is known as viscosity and the
force that is into play is called the viscous
force.

Viscous force is given by

F=-nAdv/dx \here n is a constant

depending upon the nature of the liquid and is
called the coefficient of viscosity and velocity
gradient = dv/dx

The SI unit of n is poiseiulle (PI). Its other
units are newton-second per square metre (N
s m?) or pascal-second (Pa s.) The dimen-
sional formula of viscosity is [ML'T-].
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FgT SIar g 3 97 gaurar = dv/dx

n &I Sl 315 & poiseiulle (SaTsT). 3HHT 31T FHBAT
Wﬂ%ﬁaﬁmﬂm s m)mqﬂaﬁr—;ﬁﬁﬁ
(Pa s) e &l faafa g [MLT).

Though shear strain in a fluid does not re-
quire shear stress, when a shear stress is
applied to a fluid, the motion is generated
which causes a shear strain growing with

FMEITA. - We FF-0g-3W [aF fnyed Aawor §q (2024)

{166



10.

HET-11 (b

time. The ratio of the shear stress to the time
rate of shearing strain is known as coefficient
of viscosity, n
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The volume of an incompressible fluid passing
any point every second in a pipe of non uniform
cros section is the same in the steady flow.

VA = constant ( v is the velocity and A is
the area of cros section)

The equation is due to mass conservation in
incompressible fluid flow.
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Bernoulli’'s principle states that as we move
along a streamline, the sum of the pressure
(P), the kinetic energy per unit volume (pv?/2)
and the potential energy per unit volume
(pgh) remains a constant.

P + pv?/2 + pgh = constant

The equation is basically the conservation of
energy applied to non viscuss fluid motion in
steady state. There is no fluid which have zero
viscosity, so the above statement is true only
approximately. The viscosity is like friction and
converts the kinetic energy to heat energy.

Application of Bernoull’'s Theorem

(1) During a windstorm , roofs of the houses
(huts) are blown off. During wind storm, the
velocity of air just above the roof is large .So
, according to Bernoulli’'s theorem, the pressure
just above the roof is less than the roof just
below it. Due to this pressure difference, an
upward force acts on the roof which is blown
off without damaging other parts of the house

(2). Lifting up of an aeroplane . The shape
of the aeroplane wings is peculiar. Its upper
face is more curved than its lower face. Also
its leading edge is thicker than its trailing
edge. As the aeroplane moves faster forward,
the air blown in the form of streamlines over
the wings of aeroplane. As the upper face

of wings is more curved than its lower face,
therefore, the speed of air above the wings
is larger than the speed of air below the
wings. According to Bernoulli’'s theorem, the
pressure above the wings become less than
the pressure below the wings. Due to this
difference of pressure, a vertical lift acts on
the aeroplane. When this lift is sufficient to
over come the gravity pull on the aeroplane,
the aeroplane is lifted up.

The applications of Bernoulli’'s Theorem in-
clude the following.

1. Moving Boats in Parallel
2. Blowing of Roofs
3. Magnus Effect
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Stoke's Law: According to this law, a sphere of
radius a, which is moving in a liquid of viscos-
ity n at a velocity of v , experiences a viscous
force F due to the viscosity of the substance
which can be expressed by F = 6rnav.
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Importance of Stoke’s law-

(a) This law is used in the determination of
electronic charge with the help of Millikn’s
experiment.

(b) This law accounts the formation of clouds.

(c) This law accounts why the speed of rain
drops is less then that of a body falling freely
with a constant velocity from the height of clouds.
(d) This law helps a man coming down with
the help of a parachute.
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Fluid Dynamics

(a) Streamline Flow:- When the flow of the
liquid is such that the velocity (v) of ev-
ery particle at any point of the fluid is con-
stant ,then the flow is said to be steady or
streamline flow. A tangent at any point on the
streamline gives the direction of the velocity
of the fluid particle at that point.

(b) Laminar Flow:- If the liquid flows over a
horizontal surface in the form of layers of
different velocities, then the flow of liquid is
called laminar flow. The particles of one layer

13.

do not enter in to another layer. In general,
laminar flow is also called streamline flow.

(c) Turbulent Flow :The flow of a liquid in
which the velocity of all the particles crossing
a given point is not same and the motion
of the fluid becomes random (disorder or
irregular),is known as turbulent flow

f§ig WX Gcdeh HUT &M A (v)
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Critical velocity and Reynolds No :
Critical velocity : It is that velocity of liquid flow,
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upto which the flow of liquid is streamlined
and above which its flow becomes turbulent.
Critical velocity of a liquid V¢ flowing through
a tube is given by

Vc = Ry / pD Where p is the density of liquid
flowing through a tube of radius r and n the
coefficient of viscosity of liquid.

Reynold's number is a pure number which
determines the nature of flow of liquid through
a pipe.lt is defined as a dimensionless number
whose value gives one an approximate idea,
whether the flow rate would be turbulent or
stream line. This number, called the Reynolds
number R is defined as R = pVtD/n where, p =
the density of the fluid flowing with a speed v;

D = the diameter of the tube; n = the
coefficient of viscosity of the fluid.

It is also defined by R = (Inertial Force per
unit area)/(Viscous force per unit area)

If the value of Reynold's number(i) Lies
between 0 to 2000, the flow of liquid is
streamline or laminar.(ii) Lies between 2000 to
3000, the flow of liquid is unstable changing
from streamline to turbulent flow. (iii) Above
3000, the flow of liquid is definitely turbulent.
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14. Terminal Velocity
It is the maximum constant velocity acquired
by the body while falling freely in a viscous
medium.

FoefT-11 (e

15.

16.

17.

Vi = 2(p —o)r’g / 9n
Vi = terminal velocity of body,

r = radius of spherical body,

p = density of body,
o = density of viscous medium,
n = coefficient of viscosity.

AT

g fordl 3 anrT U oA g & Tadd ¥4 §
fIRa ga9 wra T T 3iftean fReR 391
Vi = 2(p -o)rg / 9n

Vi =ﬁ?$l’?ﬁﬂ'i?féﬂ,

= MempR [z &1 Bar

o = [z & gdca ,

0 = Wl g &l YUelcd ,

n = HIEGH FI AT I[OTH]|

Surface tension is a force per unit length
(or surface energy per unit area) acting in
the plane of interface between the liquid and
the bounding surface. It is the extra energy
that the molecules at the interface have as
compared to the interior.
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Cohesive and Adhesive Forces
Cohesive forces are the forces of attraction
between molecules of a similar type.

For example, the forces of attraction between
molecules of water in a glass.

Adhesive forces, on the other hand, are forces
of attraction between molecules of different
types.

For example, the force of attraction between
water molecules in a glass and the glass
molecules.

FHeT AR 3T q
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Surface Energy
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The potential energy of molecules located in
the unit area of the surface is called surface
energy.

W = S= TAA, where AA =

“Surface tension of a liquid is numerically
equal to the surface energy per unit area of
the liquid surface.”

qsET Felt
a:saaémﬁﬁuammﬁﬁuﬁa
Sl 1 & IS Foit el & |

= S= TAA, JT8T AA = §ag &1 # g
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Angle of contact

It is defined as the angle subtended between
the tangents drawn at the liquid surface and
the solid surface inside the liquid at the point
of contact.

increase in surface area

c

The angle of contact is determined by the
nature of the liquid, the solid with which it
comes into contact, and the medium that ex-
ists above the liquid's free surface.

The angle of contact increases as the tem-
perature of the liquid rises. When soluble
impurities are added to a liquid, the angle of
contact decreases.

|

{4) Acute angle

{B) Obtuse angle
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{4) Acute angle

[B) Obtuse angle
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Excess Pressure
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Excess pressure in a liquid drop or bubble in
a liquidis P = 2T / R

Excess pressure in a soap bubble is P = 4T / R

Excess pressure AP = Pj - Pe, where Pi is the
internal pressure while Pe the external pressure.
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geg @I §g & e o ey , P = 2T / R
AIY & Jolgel & e g 3T , P = 4T / R
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CAPILLARITY

A glass tube with very fine and uniform bore
throughout its length is called capillary tube
and “The phenomenon of rise or fall of liquid
in a capillary tube is called capillarity.

Example:- If the capillary tube is dipped in
water, the water wets the inner side of tube
and rises in it. If the capillary tube is dipped
in the mercury ,then the mercury is depressed

Some Practical Examples of Capillarity

1. The kerosene oil in a lantern and the
melted wax in a candle, rise in the capillaries
formed in the cotton wick and burns.

2. Coffee powder is easily soluble in wa-
ter because water immediately wets the fine
granules of coffee by the action of capillarity.

3. The water given to the fields rises in the
innumerable capillaries formed in the stems
of plants and trees and reaches the leaves.

FIfAFca

T T gd fEd oS agd A 3R
AT IR B &, 3§ HRAFEA HaT T & 3R
"hiRAFBIAN F eI & FW gl IT Ard IR fir
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1. drelesT & g &1 do 3R Adqacdr § Rger
3T AH, I HT aTdT H deT arell AT
3T 3&dT § AR STerdr gl

2. aﬂiﬁmqﬁrﬁmﬁ@raﬂmhﬁm%
FAIRR g HRAPT FT Frar A T F T
et & i el T &ar Bl

3. War & fear S arer g Ot 3R 9st &
JAT F A arelr 3EET HIRAH3T F 39rar § 3R
WHW%I

MULTIPLE CHOICE QUESTIONS:
agﬁar«q"m e

If a person studies about a fluid which is at
rest, what will you call his domain of study?
(@) Fluid Dynamics  (b) Fluid Mechanics

(c) Fluid Statics (d) Fluid Kinematics
Iy FE AFT g7 & A gy & TR #H
HEYYT Y, 3T 3HE HETTT & HI FIAT Hgar?
(@) a arfaferar (b) @ FTTIHI

(c) za vfas (d) oo arfaehr

Which of the following is the basic principle
of fluid mechanics?

(@) Momentum principle

(b) Energy equation

(c) Continuity equation

(d) All of the mentioned

frefafla # & #i 57 AR F1 A Rigia 32
(a) w9 fagia (b) FAT THWERIOT

(c) faaRar gHtexor  (d) 3fedfaa @i
Define Viscosity.

(a) Resistance to flow of object

(b) Resistance to flow of air

(c) Resistance to flow of fluid

(d) Resistance to flow of heat

I A IRHTRT Y

(a) &g & warg @ glady

(b) arg & varg & gy

(c) &a & varg &1 ufa”rer

(d) I & yarg @1 gfoRer

What is the unit of coefficient of viscosity?

(@) kgsm2 (b)kgms2
(c) Nms? (d) Nsm?
FoefT-11 (e

QITAAT VT Y FHIE FAT 2

(a) kgsm (b) kgms=

(c) Nms= (d) Nsm?

What happens to the coefficient of viscosity
if the temperature increases?

(a) Increases

(b) Decreases

(c) Remains the same

(d) Independent of temperature

I ATIATT Fgar § A QATAT AOTF FT FAT Fel §?
(a) ¥ ST &

(b) e S &

c) TEr @ &

(d) d9IAT & T

What is the magnitude of the coefficient of
viscosity?

(a) Frictional force / Area

b) Frictional force / (Area * velocity gradient)
c) Frictional force * Area

d) Frictional force * Area / velocity gradient

c) ©YUT §of * &

(d) EYOT §of + &9 / 9T YuTar

Which among the following force is developed
due to resistance of a fluid flow?

(a) Viscous force (b) Inertial force

(c) Gravity force (d) Pressure force

Arafaf@a & & i a1 9 g vaE F gfoy

¥ Fror ReAT gar 82
(@) T Fo (b) STScdT S
(C) IT&caThYOT def (d) g s

The viscous force the relative motion
between the adjacent layers of a fluid in
motion. Which of the following flowing fits
best in the sentence?

(a) never affects

(b) may effect under certain conditions

(c) facilitates

(d) opposes

Rafare afd # = @ A e war F
@7 amer Y F T A 7 | AefR@aT A @
FlaT A1 yaE AR I9YFT doaT § 2

(a) FeT wemfad Agr F

(b) FT ercl & e FeATAT g1 Hehell §

(c) grauT Jar T §
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(d) Ty ar &

The drag force acts in
velocity.

(a) Perpendicular direction
(b) Same direction

(c) Opposite direction

(d) Different directions
39T 9 YaTE AT F

(a) w@ad fear (
(c) fawdra feam

to the flow

& FEar
) T g fear

poise =
a) 0.01
c) 1 () 10
19 =
(@) 0.01 (b)
©) 1 d) 10

What is the effect of temperature increase

AN AN b

on viscosity of liquids and gases? 15.

(a) Increases for both liquids and gases
(b) Increases for liquids and decreases for gases
(c) Increases for gases and decreases for liquids
(d) Decreases for both liquids and gases

argATe gig #1 gal qur AWt Ay AT W oFT
YT 95T 572

(a) oat aar AEF =t F T Fedr § 16.

(b) zal & foIv sgar g 3R AT & fov gear &
(c) ¥ & fow dgar § 3R gal & fov ge o §
(d) zal dur A4t et & fow gear ¢

The frictional resistance for fluids in motion is

(a) inversely proportional to the square of
the surface area of contact

inversely proportional to the surface area
of contact

proportional to the square of the surface
area of contact

(d) proportional to the surface area of contact

TAA Rl gerat & A avor gfaer &
(a) HY% & Hlg &1F & I & oshATIATH

(b)
(c)

(b) HYS & Hg &1F & YcshATIATCH 17.

(c) TIF & TAg 8T & o & AT

(d) |9% & Hlg &1F & HATI

In a closed pipe of radius R, fluid (having
some viscosity) is flowing laminarly. Which
point along a cross section will have
maximum speed?

(a) Centre

(b) Near the wall of pipe

(172}

(d) fafeea feemd 14.

18.

(c) R/2 from centre

(d) All points will have same speed
Rﬁ—ma:waaqm#aa(wamm)
Wl 9 & 98 @1 ¥ el e dwee & e
fig W rftswas ofa gef?

(a) g

(b) 9ET Fr AR F I

(c) &g ¥ R/2

(d) @l Riga 7 a1y wa g

The lift force acts in _____ to the flow velocity.
(a) Perpendicular direction

(b) Same direction

(c) Opposite direction

(d) Different directions

AP 9 ya1® I & # FF FI41 Bl
(a) e ad feem b) T g faar
(c) faadra Gam (d) TRffiea feem?

Which among the following is present in
pipe flow?

(a) Viscous force (b) Inertial force

(c) Gravity force (d) Pressure force

fmafaf@a & ¥ Fia a7 vaw 7 Aleg 2

(@) T da (b) STScdT o
(C) IEcaATehyOT Fef (d) cerag §e

Which of the following equation must be
perfunctorily satisfied while dealing with fluid
flow problems?

(@) Newton’s third law

(b) Law of conservation of momentum

(c) Continuity equation

(d) Newton’s second law

mafaf@a & & Fla ar gdwor g7 yaw fi
FaE @ fAvea & ke = s gt e
¥ Ge g ATRT?

(a) —qzc—rr F T s

(b) a’aw & TIEOT &7 e

(c) foazar gHeor

(d) TgeeT &1 g&T foaH

Which of the following is a unit of pressure?
(a) atm (b) pascal

(c) bar (d) All of these
fAfaf@a # ¥ sl g @ s 2
(a) atm (b) dUrEFRer

(c) SR (d) "I s

Liquid pressure depends upon
(a) area of the liquid surface
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(b) shape of the liquid surface

(c) height of the liquid column

(d) directions

T garg iy war

(@) el Hdg T &1F%hd

(b) el EAG &I 3THR

(c) T TIH & TS

(d) feema

The pressure at the bottom of a tank
containing a liquid does not depend on

(a) acceleration due to gravity

(b) height of the liquid column

(c) area of the bottom surface

(d) nature of the liquid

it R wgrd g & F a@ W gaE @R
& FIar &

(a) IcATRYOT & HROT TEROT

(b) T@ T A FaATS

(c) faTel @ag &1 &%

(d) e T ypfa

Smaller the area on which the force acts,

greater is the impact. This concept is known
as

(a) impulse (b) pressure

(c) surface tension (d) magnus effect

S ofer 87 9 W 99 & a1 §, 9T

3deT FAF a1 &1 39 JTUROT FH

(a) 3maer (b) cara

(c) YS&F el (d) T 9H T & T
F A ST §

Pressure decreases if

(a) only the force is increased but not the area
(b) only the area is decreases but not the force
(c) either area decreases or force increases
(d) either force decreases or area increase
gaTa FA g 1T ¢ A

(@) Had ol FGdT § offehed &1 oTgl

(b) hae &F "edr g oAfched ol aTar

(c) a1 @ &7 gl § IT §f &l ©

(d) a1 df g gedr § A1 817 J&dl &

For a floating body to be in stable equilibrium,
where should its centre of buoyancy be located?

(a) At the centre of gravity.

(b) Above the centre of gravity.
(c) Below the centre of gravity.
(d) It may be anywhere.

23.

24,

25.

26.

el R gu Rz &1 R dqea & @a & fae
IHT g IecATa F TA FEl UG QT ART 2
(a) IEcATHYOT & g H|
(b) I&cATHYT F Fg & FW|
(C) ITRcaTh¥OT & e & & |
(d) Ig FE & g Toh &
Why the aeroplanes are made to run on the
runway before take off?
(a) It decreases the friction.
(b) It decreases atmospheric pressure.
(c) It decreases viscous drag of the air.
(d) It provides required lift to the aeroplane.
&aT$ SgTST F4T 87 91T 38 $i ¥ Uge Ad
9T gizar 872

) SEY T A g ST Bl
(b) IE AIHSAT cald T HH HAT &
(c) IE gaT & I f&Ad H Fel T ¢
(d) Ig AT & HaTH foIFe UgreT T &.
A force F is applied on a uniform rod of
cross-section A and a force F’ is applied on
a uniform rod of cross-section 3A. What is

the relation between F and F’ if the pressure
on both is the same?

(@) F/IF 1/3 (B) FIFF =3

(c) FIF 1/3 (d) F/F 1/9
HIEYT FE A # TH A ©3 9T g F' 9T
m%mmmmaﬁwmww
g F' o9 ST uﬁ@a’rwmm%
ar F 3R F & g =am geer 2

(@) FIF" =1/3 (b) FIF =3

(c) FIF =1/3 (d) FIF =1/9
Pressure in a fluid at rest is same at all

points which are at the same height. This is
known as

(a) Archimedes' Principle

(b) Bernoulli's principle

(c) Stoke's law

(d) Pascal's law

fwETyr # Rl R ggrd # gaaTetaT §
Tt gt @ S woe FA W ) 3 W A
F AT AT §

(a) nfHfAder Rea

(b) =il & Rgia

(c) Ted & faga

(d) 9rERdl &1 Aga

Pressure applied to enclosed fluid is

(a) increased and applied to every part of
the fluid
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(b) diminished and transmitted to wall of
container

(c) increased in proportion to the mass of
the fluid and then transmitted

(d) transmitted unchanged to every portion
of the fluid and wall of containing vessel.

d¢ I 9g1 W ga1d Srel AT §

(a) 7 % & RE ¥ g B AW IR @ ¥

(b) &eeR T AR # o 3R IR grar ¥

(c) &d & GETAW & Ul H g H 3R
ok g &

(d) ga AR EaR & & HeT # 3aRafda

threads
(c) Because of gravitational force
(d) Because of evaporation of water.
i #1 e R el @ o aed F garn
Frar 3R 3T R T F FR deF A1 B
T 9 IR F awy A dlfer oft e
e g srar #1 ¥GT g ¥
(a) FIifk drelr Fr RafUdEe 3 ¢
(b) T G T FRET BT F FROT
(C) TTcaAThYOT &l & HROT
(d) 9T & arsdIeRIoT & FHROT|

R 31. The height of a liquid in a fine capillary tube.
e &l (a) Increase with an increase in the density
27. The excess pressure at depth below the of a liquid.
_surface of a liquid open to the atmosphere (b) Increase as the effective value of
is called _ acceleration due to gravity is decreased.
(a) atmospheTnc pressure (c) Decrease with a decrease in the
(b) hydrostatic paradox diameter of the tube.
(c) gauge pressure (d) Decrease with an increase in the
(d) None of these surface tension.
agHse A o Rt aver gerd i wag F AR TH AL FRAFT Jel H ga i F418.
TMETE W TS AT HFANFT gaTT FY FeT AT § (a) &R & "alca # 3R & WY IR
(a) AIHASAT gara ()W%WWNWW
(b) g ew faRrEmIT wgﬁﬁwaﬁzﬂ‘cﬁ%l
(c) ST gama (c)@‘\a'%—amﬁmfr#mumm%l
d) EH F Fg (d) Weg a3 g & e |
28. The most characteristic property of a liquid is 32. Consider two lines on the surface of water
(a) elasticity (b) fluidity kept in a beaker. The length of one line is
(c) formlessness (d) volume conservation twice the others. A force will be acting on
the lines from either side. What is the ratio
frelt g &1 wed ARl ot @ of magnitude of F1 & F2?
(a) o= (b) aXeAaT
(c) fermRer (d) 3maae ERefoT Surface
29. When a body is wholly or partially immersed N
in a fluid at rest, the force working on it in
upward direction is called
(a) buoyant force (b) surface tension
(c) viscous force (d) None of these
o9 F15 Nz e sgeyr & FdY O ger et &
quie: AT 3fAF w9 & a7 ghar §, af 39 W IR
# Rem F F1F I ATF I F Pl AT E
(@) 3cColldel &ol (b) Gdg dsa
(c) FufRar s (d) o8 & S 78T
30. One end of a towel dips into a bucket full of (a) 2 (b) 1:1
water and other end hangs over the bucket. () 1 2 d) 2:3
It is found that after some time the towel
TF T H @ g T Gdg W QY @ 3# T
becomes fully wet. It happens
(a) Because viscosity of water is high A #Y| % 9fFd A O 3T A B
b B £ th " on of At 3 F Y@ W UE a7 F Fem ROk
(b) Because of the capillary action of cotton F2 % gR&ETT & AT FT X
HeT-11 (I T LI, - na TF-H-3R TFaS s Aaor g (2024)
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33.

34.

35.

36.
HefT-11 (HhD

Suﬂacew

(a) 2:1 (b) 1:1

(c) 1:2 (d)y 2:3

The unit of surface tension is same as that
of

(a) surface energy per unit volume

(b) force per unit area

(c) surface energy per unit area

(d) surface energy per unit length

IS5 ael1a Y ghTE & A= ¥
(a) 9T sHIS 3T Tdg Foil

(b) wfa S 87 W aa

(c) wfa zwg &7 adg Far

(d) 9T SHIS eSS TAE Sl

Surface energy is
(a) kinetic energy of the surface molecules

(b) the force per unit length acting on
surface particles

(c) the energy of the molecules inside the beaker

(d) the extra energy that the molecules at
the surface have relative to molecules
inside the liquid

g Sl T

(a) e & 3roq3t 1 RIS Fort

(b) &g & HUN W I FhE TS T olaled
dTell el

(c) d1R & 3T Jrop3t P Fofr

(d) ag FfaRked FaT o Tdg W o3t 7
R & T & T & e gl &

The surface of water in contact with glass

wall is

(a) Plane (b)Convex

(c) Concave (d) Both B and C

HT T AR & FIF H 9T FT TdAg @ &

(a) AT (b) 3ccer

(c) 3raddr (d) & 3R & =t

If the surface of a liquid is plane, then the

37.

38.

39.

angle of contact of the liquid with the walls
of container is

(a) Acute angle (b) 90°

(c) 0Q° (d) Obtuse angle
Ifg Rt R A wag gAAd ¢, df Fee A
daRt & WY aX FT HIH 0T §

(a) TgsTehioT (b) 90°

(c) 0° (d) 31f&e shior
Insects are able to run on the surface of
water because

(a) surface tension makes its surface to
behave as an elastic membrane.

(b) insects swim on water.

(c) insects have less weight.

(d) of Archimede’s upthrust.

A3 gl Fr Tdg W ol H T&IA g § FIF

(@) TAE F dATd SHPI Tdg FI Th AGGR
Breel & & FH cYagR el IR FATTT & |

(b) HZ gt W R gl

(c) ISt T Tt A T ¢

(d) 3SR & 3cTetasd F HROT

Choose

following

(a) Small droplets of a liquid are spherical
due to surface tension.

(b) Qil rises through the wick due to capillarity

(c) In drinking the cold drinks through a straw,
we use the phenomenon of capillarity

(d) Gum is used to paste two surface. In
this process we use the property of
Adhesion

Frafaf@a & @ T9ad FuT FT TIT W
(@) 956 delld & HRUT el Sl BIET g8
MR e &

(b) HfRASIca & FHROT dol Tl F FI 35T §
(c) Hies 3 &l Tl & AregHw A 94 7 g
SHHT 3YANT I & Hcall hidehlcd T
(d) dfiE T YT & TdeT H WIS F

forT 3ugter frar Sirar g s ufhar & &A
TSI & 0T T SYANT A &
A drop of water is broken into two drops.

The sum of which property of the two drops
is equal to that of the single one?

(a) radius (b) surface area

(c) surface energy (d) volume

TR N TFE @A @ ATy A F
ﬁmgwm%wwﬁg#gwﬂ#w%?

(a) Fsar (b) @aE &7

(c) | Fim (d) 3T

the wrong statement from the
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40.

41,

42.

43.

44,

HET-11 (b

Two drops of a liquid merge to form a single
drop. In this process energy is

(a) absorbed.

(b) released.

(c) may be absorbed or released depending
on the specific heat of the liquid.

(d) neither absorbed nor released.

et g@ f1 @ 9& I & qg 99 FIr F

=T URRAT & ST &

(a) 3raenfya.

(b) HFd

(c) oRer #r faferse adt & YR W 3an™a
T HF BT g

(d) o ar a3 o & Had g gl

What makes it difficult to separate two glass
sheets having a drop of water between them?

(a) surface tension (b) viscosity

(c) gravity (d) atmospheric pressure
ar Fa #1 ofiel F & uelt f vF 95 @A g
37% AT FAT R FROT HIOA Q0T 82
(a) gs& delrd (b) RgRMEe

(c) Iecarshyor (d) agHSNT gaTd
Water rises till a capillary tube to a height
of h. If the area of cross-section of the tube
is made one-fourth, then the water will rise
to a height of:

(@) h (b) h/2

(c) 2h (d) 4h

Uit v FRAF1 ggg # h HY FAE 9% q%qT 8]
Ifg el & m FIC FT TP TH-ANAE FT
R s, &t Ol Y A GED
¢ SIeel:

(@) h (b) h/2

(c) 2h (d) 4h

A liquid is flowing uniformly. The net external
force causing the liquid to flow is

(a) less than viscous force.

(b) more than viscous force.

(c) equal to viscous force.

(d) not related to viscous force.

UF gF WA T § 9% W@ 1 &9 & WA% &
FROT gt Tl Fl a6 qF ¢

(@) 2T g & FHHA|

(b) 2T §T T IHAH|

(c) 9T T & S|

(d) I 9T & FEfAT 8T gl

The maximum velocity of the liquid upto
which the flow is streamlined does not

45,

46.

47.

48.

depend upon

(a) radius of the tube.

(b) pressure of the liquid.

(c) density of the liquid.

(d) viscosity of the liquid.

T F1 AHIA A1 9 aF Jare gegateyd
grar ¥, 59 W iy gt war #

(a) &ga Hr B

(b) Tl AT GdTd.

(c) Tl =T Yelcdl|

(d) oRer &1 Rufauge|

The velocity upto which the flow of a liquid

remains streamlined and above which it
becomes turbulent is called

(a) critical velocity. (b) terminal velocity.

(c) velocity gradient. (d) none of the above.
gg 3 99 % R F1 Yar® Fegafeyd gdr
¥ ik fred 39X ag Irenad @ oar ¥, 3@ F
FeT AT 872

(a) ifcdeh daT]

(b) cfAeTer aam|

(c) a3 JguTAT|

(d) 3RFT & F HS 70|

One of the major factors that determines the

laminar (streamlined) or turbulent nature of
flow of the liquid is

(a) velocity of flow.

(b) pressure of the liquid.

(c) length of the path.

(d) surface tension.

WA & garg H AR (Feaafeya) A srend
ypha ﬁm‘rﬁ?r F A TG FRA A ¥ T ¥
(a) vaTg T 9T,

(b) TS hT GdId.

(c) 9y & FdTS.

(d) 9= delral|

The viscous force does not depend upon
(a) velocity.

(b) velocity gradient.

(c) nature of the liquid.

(d) area.

I g s wiEt dar

(a) 9. (b) 9T YFUTAT|

(c) el & epfd| (d) &m.

In streamlined flow, the velocity of the liquid
in contact with the containing vessel is

(a) zero.
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49.

50.

51.

52.

HET-11 (b

(b) minimum but not zero.

(c) infinite.

(d) large.

Fegafeyd yare &, IFd dad & @96 H ald H
&7 grar ¥

(@) 3.

(b) =gTaH et g LT

(c) 37id.

(d) st

A body is falling freely in a viscous liquid.
Finally it:

(a) falls with a constant velocity.

(b) falls with decreasing velocity.

(c) falls with increasing velocity.

(d) comes to rest in the liquid.

T 3 frdl R9RY g7 & Faa7 &7 @ AR @
¥ 3ida: TE:

(a) fRaR Jor & FRar &

(b) @ed dor ¥ FRar g

(c) oo 9T & T R gl

(d) R # ARH FA & AT 37T 8l

Hot syrup flows faster because its

(a) surface tension increases

(b) surface tension decreases

(c) viscosity decreases

(d) viscosity increases

T A Sl & g § i

(a) Yt& deTa &G Sl &

(b) 9SS AT FHH AT &

(C) ITAAT HA & AT &

(d) oTTIaT § S §

In which of the following conditions can the
Bernoulli equation not be used?

(a) Viscous flow

(b) incompressible fluid

(c) steady flow

(d) laminar flow

ffaf@a & ¥ e Rufa & safdh a#ewor
HT 3YAWT JAET FFAT ST FhaT B2

(a) FgfRar vag (b) 3 ENET TRl TG
(c) TR yag (d) PR varg

To which type of the fluid is Bernoulli's
theorem strictly applicable?

(a) Viscous

(b) Anisotropic

(c) Compressible

53.

54.

55.

56.

(d) None of the above

Fafell &7 939 9 IR § R 95T W FE&dr
& o gl 772

(a) RafHar

(b) AR

(c) "

(d) 3WFT & FS AL

The speed of efflux, in case of a tank with a
hole at the bottom, depends upon which of

the following factors? (Assume that the area
of the tank is > > area of hole)

(a) area of tank

(b) density of liquid

(c) height of hole from liquid

(d) atmospheric pressure value

ddl # 9¢ aa &F & AWS A vaw f afa
fAlef@a & ¥ 9 sre W @R Fd §2
(A o F EF F1 BT > > I FT AP )
(a) &h &1 SFhol

(b) T AT Yelca

(c) T ¥ B &I F41$

(d) argHST gard AT

The extra pressure inside the soap bubbles
is proportional

(a) to its mass (b) to its radius

(c) surface tension (d) atmospheric pressure

YA & qorqel FT 3T HfARTFd e AT
AT &

(a) 8% gedd T & (b) THH BeaT &

() Ys6 delld & (d) agHST gd &
Hydraulic brakes work on the basis of:

(a) Poiseuille’s law.

(b) Pascal’s law.

(c) Archemede’s principle.

(d) Bernoulli’'s principle.

FEafee 9% fAF & YR W &1 F:A &
(a) HissIser & foas|
(b) UrERdT & AIA|
(c) 3THAD F Bl
(d) sefelr #71 Rl

Sudden fall in the atmospheric pressure by
a large amount shows

(a) rain (b) fair weather
(c) cloud wave (d) storm

TAASAT a9 # 3w H AET H fREe

aeitdY &
(a) arier (b) @TTH HEGH
(c) dSTeel weX (d) Tt
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57.

If two liquids of mass m, of density p; and
of mass m, of density p, are mixed, then
the density of the mixture will be

My Py M2 P

(a) my -+

{bj (ml }m2],ﬂ1ﬂ2
™y Patmam
Mmtpa

(c) L3P
mip,-+map.

(d) B2

1/ T2y

Ifg geaAT my & & R IGIY & "elcd FH pq 3R

GETHATT & M, Telcd &M p, [T ST ¢, ar
THSUT FT Gelca 8o

is the expression for the height of water
risen in the tube? Assume the radius of
meniscus to be ‘R’. Let the height of water
risen in the tube be ‘h’.

(a) 2Ssind / Rpg (b) 2S / Rpg
(c) 2Scos6 / Rpg (d) 2S / rpg

TF HRAST Al W AR & Gwd 9= IR 99
AT &1 IR FOT 9 §. FRAPT Tt A B v
21 955 ao1g 'S' §1 IR arelt FT wered p' Bl T
# ureht N FA1 Tger w1 qF FA §? AfTHT I
a?-a-wmmﬁ:aa’rﬁaaMaerm
h #l

(@) 2Ssind / Rpg
(c) 2Scosh / Rpg

(b) 2S / Rpg
d) 2S 7 rpg

I 60. Kerosene oil rises up in a wick of a lantern
(a) —'n't:' m;ﬂ‘g because of
1T 2 . . . .
(b) (my 1 m2) oy (@) dlffL.ISIOI’l of ?[he oil through the wick
“mipytmap, (b) capillary action
(c) p1tpa (c) buoyant force of air
m?p map (d) the gravitational pull of the wick
1 T2y .
(d) myp,+map, drered i ardlt 7 A &1 dd FEF FRT IW
35T 87
58. The contact angle determines whether (@) ardr F AT T Jof &7 JI9R-
liquid will rise or get depressed along a (b) FRer Brar
solid surface. Select the correct statement T —
regarding the same. (C) &am &I 3 )
(a) If contact angle is found to be less than (d) arelr & aoscala;ﬂlul e
90°, the liquid will have raise along the  61. Due to capillary action, a liquid will rise in a
solid surface tube if angle of contact is
(b) If contact angle is found to be (a) acute (b) obtuse
greater than 90°, then liquid will have (c) 90° (d) zero
depressed along the solid surface .
(c) Liquid always rises along solid surface, e wE ?ﬁjT;FTI A 54 # 5 I
irrespective of contact angle
o . (@) g T (b) 3f&& woT
(d) Liquid always gets depressed along solid >
surface, irrespective of contact angle (c) 90° (d) =
; 62. With the increase in temperature, the angle
W& For g fAuiRa Far § & o wag W
T I 3T AT & S| 5qF FaY & T of contact
FUT FT IIT HY (a) decreases
(a) IS TYH HIUT 90° ¥ FHA 9T AT &, ar (b) increases
T 31 Fdg & Y FR 35 S (c) remains constant
(b) :’rﬁ %rcréﬁaQT HIoT 90;@ 3@% 9T ST &, (d) sometimes increases and sometimes decreases
ST .
GEGH qdg & a1y T T | §TE T
(C) TR EHAT B HAE & Y FW 3o &, (a) Tear ¥
g HUh HI0T Fo o & ) N
(d) ORI EAYT 3 Tdg W &d oIl g, dle IGd
Y& PIUT F oY 8 (c) T e &
Pl
59. Consider a capillary tube in which water has (d) ol S & 3 Fol g
risen. The contact angle is 0. The radius of 63. A drop of oil is placed on the surface of
the capillary tube is ‘r. The surface tension water. Which of the following is correct?
is ‘S’. And the density of water is ‘p’. What (a) It will remain on it as a sphere
HefT-11 (D 778) FMEITA. - We FF-0g-3W [aF fnyed Aawor §q (2024)
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(b) It will spread as a thin layer

(c) It will partly be a spherical droplet and
partly a thin film

(d) It will float as a distorted drop on the
water surface

e T TF qg Il Y T W G S 8 e

F ¥ Fl @ 7@ §2

(@) IE TS Mol & I H 3T G I

(b) TE TH Udell Wd & ® A el FTTam

(c) Ig 3T FT H TF IMATHR §g greir 3R
3fF FT ¥ TF gaer feeA gl

(d) ¥ Il H FIg W Th fadhe §g & &7 F el

64. When a pinch of salt or any other salt which
is soluble in water is added to water, its
surface tension
(a) increases
(b) decreases
(c) may increase or decrease depending upon salt
(d) None of these
99 Ul 7 T JEH AAF AT FS He T Gererelier
AAF AR AT §, A IHF WA AT TG
ST &

(a) &t &

(b) e &

(c) #H® & YR W §¢ IT OC Tl §
d) s ¥ FI$ 7

65. Two water droplets merge with each other
to form a larger droplet. In this process
(a) energy is liberated
(b) energy is absorbed
(c) energy is neither liberated nor absorbed
(d) some mass is converted into energy
ar urelt Y 9 3w #H Aeet vE a9t g5 aeet
¥ zw ufpar &

(a) Foll FFd gIc &

(b) Foit 3N g &

(c) Foll of o Hera gl § 3R o & e
I &

(d) Fo geaAe Fo F aRafda o ST &

66. At critical temperature, the surface tension
of a liquid is
(a) zero
(b) infinity
(c) the same as that at any other temperature
(d) None of these
Fife ATIAT I §F FT Y56 dAd gar §

(@) Y
(b)3teAd
FefT-11 (IR

67.

68.

69.

70.

(c) T & 31T d9AT & TAGT
(d) 318 & FIS Tl

Surface tension may be defined as
(a) the work done per unit area in

increasing the surface area of a liquid
under isothermal conditions

(b) the work done per unit area in
increasing the surface area of a liquid
under adiabatic conditions

(c) the work done per unit area in
increasing the surface area of a liquid
under adiabatic conditions

(d) free surface energy per unit volume
Uss ded F $H THR TR T o1 wehelt &

(a) soteHar aRFEUfAAT H RaT & Tdg &7 Fr
Jorl & ufa sos & 7 fhar = s

(b) TgrsA aRFufAT & A aver & Tdg &7
H Jeld & ufd e & 7 fFar T s

(c) TerH TRfEufat & fFd R & gag &7
&I gelel H 9fa SIS &1 H fohar = &

) "Il SRS AT HFd g Sl
Surface tension of a liquid is due to
(a) gravitational force between molecules
(b) electrical force between molecules
(c) adhesive force between molecules
(d) cohesive force between molecules
et g &1 g5 dera fFad FROT gar 82
(a) 3Rt & dre JecarThyoT Fo
(b) 303t & oy faegd oo
(c) 3MUI3f & Srer TESTT aTel def
(d) 33 & S FHSA drell §o
Which of the following expressions represents
the excess of pressure inside the soap

bubble?
] 25
fa) Pr'“f; b) P-P,= =
4
(© P-P = T +hpg () PP = 75

ﬁmﬁf@a##ﬁammmﬁ:mﬁt
3eT aTa Y IHAFT B geuiar £

2
{ﬂ] PL'FD=; {]:I]' PI._P{|= _rs
ds
© P- P__r +hog @) P-P,=—

For a given volume which of the following
will have minimum energy?

(@) Cube (b) Cone
(c) Sphere (d) All have same energy
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Y fRT v smuaer & v Arafef@a & @
fred =geraa St gt

each other will .

qwhﬁwqa’{ﬂ:ﬁwﬁmmﬁrw#

(a) & (b) % TATH ..
Q2 9
(c) M (d) |t &1 FT FAT & :
Ans- attract each other. (T GER &I TN HY)
ANSWER OF MCQ QUESTIONS 7. Bernoull’'s Theorem is based on the
Icd¥ F conservation of ......... and is used in
lc. 2d. 3c. 4d. 5b.  6b 7a AR sHHT 3T . H AT ST B
154, 1c. 174 18c. 196 205 21 ANS energy. fow of flids. (3, o ward
22.b. 23.d. 24.a. 25.d. 26.d. 27.c. 28.d. "
29.a. 30.b. 31.b. 32.a. 33.c. 34d. 35.c. 8  In order that a floating body be in a stable
36.c. 37.a. 38.c. 39.d. 40.b. 41.a. 42.c. equilibrium its centre of buoyancy should
43.c. 44.b. 45.a. 46.a. 47.a. 48.a. 49.a. o] —
57.b. 58.a. 59.b. 60.b. 61.a. 62.a. 63.b. mﬁ- __________________ a;n'a'm
64.a. 65.a. 66.a. 67.a. 68.d. 69.d. 70.c.
Ans- vertically above its centre of gravity.
VERY SHORT TYPE QUESTIONS: U T&cdlhyUT he, & Fead F|
Jfa o e 9T 9. A body floats in a liquid contained in a
beaker. The whole system falls under gravity.
1. Work done in blowing a soap bubble of The upthrust on the body due to the liquid
radius r and surface tension T is ... is .
ﬁ—mraﬁtmmeﬁmﬁmﬁaﬁ WWW#WWW#?\W%IW
3T & T AT I . B ﬁmmﬁw#aﬂam%l&%m
Ans- 8ar?T gﬁr W e el 3eqeTas ae . . @r
|
2. The phenomenon of ... is used in the 5. . .o (=)
manufacture of lead shots. o
x o 10. When stirring of a liquid is stopped the
_ﬁ_ ﬁWTﬁIT-lT ¥ a s Qm ¥ liquid comes to rest due to .........
Ans- surface tension (9%& ddid) 59 el ae gard F R @g W ﬁ'ﬂT oAl
) g, @ R . .. % HROT &F ST ¥
3. The rise of liquid due to surface tension in
a narrow capillary tube of diameter d is h. If Ans- viscosity of the liquid (ga &I 2J1=dT)
the diameter is reduced to d/2, the rise will
be s
1| d #r TH Fehrot mwéa%# daa & | SHORT ANSWER TYPE QUESTIONS:
SRUT gd &I 39T 3641 h gl A A hI .
R ST d/2, R A o oY S R
Ans- 2h .
) o ) 1. What is force on the base of a tank of base
4. The surface tension of a IIqUId SR .1/ | { area 1.5 m2 when it is filled with water up to a
temperature. height of 1m (puuer = 10° kgm™ P=1013X 10° g=10ms~* )
& ga &1 56 d9E aIAE F A ... 1.5 m YR GThe e ¥F & HUR W w9 arern
ghar 81 T e 82 19 98 1 e ) 591 9% 9 ¥ N
Ans- decreases (gedT g) A& (Pyaeer = 10° kgm ™, P=1013 X 10° g=10ms™* )
5.  The group of steamlines is called ..........  Ans- Absolute pressure at the bottom of the con-
tainer is
TEAASA & A B FIAT Fgl AT 87
Ans- tube of flow (l;l\“ong #r a7 P =Po + hpg =1.01x10% + 1x10% x10 =1.1x 10° Pa
. L. . Then force on the base is Fpase = PA =1.1x10°
6. Two air bubbles existing in water close to x15 =1.65x10° N
HeT-11 (I (780) LI, - na TF-H-3R TFaS s Aaor g (2024)
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T & do W foR9eT gag § I yaurar A1 Tl & = Av [ Ax = 2
P =Po + hpg =1.01x10° + 1x10° x10 =1.1x 10° Pa cms 0.5 A = 40
= 3
a9 UN W & Fhase = PA =1.1x10° x1.5 n =830 x 107 Pl ;
=1.65x10% N A=(10x1072)%(5% 1072) = 5x107° m?
2.  Write Pascal Law. Name any two applications & STed & F = -nA Av/Ax
of Pascal's Law = 830 x 103x5x103 x40 N
s fagw @ e & e ¥ e F =83 x5x4 x107332 N
ar VRN F AW qAT - 0.166 N
Ans- Pascal's Law:- According to this law, “If we . L
neglect the effect of gravity, pressure is 5. State and prove equation of continuity.
equally transmitted in all directions to all oth- Fiaeg gHEHr a3 g F
er pomts,of the Ilqu@The two applications  aAps. et us consider a liquid (viscous or non-vis-
of Pascal's Law are :- (a)Hydraulic Lift (b) cous fluid) flowing in a tube of varying areas
Hydraulic Brake of cross section. Let us suppose the flow is
IRehel I T - 30 98 & 36aR, "afe &7 streamline flow.
Teca YT & T FT YT X &, ar gand
Gl M3 el % 37w T W W TS
T A gaRA gl &1 UEhel & @IH & al
I - (a)gTssiicieh T (b)gTssiioh s
3. Explain the effect of Temperature on
viscosity of (a)Liquid (b)Gases
(a)ae (b)3aAT FT ATAT W AIHT F FHTE 1
FN THST 2
Ans- Effect of temperature: With increase in tem-
perature, viscosity of liquids decrease and
viscosity of gases increase.
ATYAT I GHTE: TT9A 960 ¥ gal i ATl
FH B S & a4 A R AT G S & Let a;, viand p: be area of cross section, ve-
4, A rectangular plate of 10cm X 5cm is moving locity of the flow of liquid and density of the
at constant rate of 2 cm/s on a 0.5 mm thick liquid at point® A’ of tube and a., v.and p.
layer of glycerine on a horizontal table at be area, velocity and density of the liquid at
20°%. If the coefficient of viscosity of glycerine point ‘B ’of the tube. Volume of liquid entering
at 20°c is 830 mPI, find the velocity gradient per second at A= a..v, and at B= a..v,
and force acting on the plate. Mass of liquid entering per second at
10 9t X 5 @t A TF FAAEHER AT 20°c W A= avi.p: and at B= auv..
s ifas A9 W Faada & 0.5 A A wa P P
W2 aMAFs A PR T & Gl @ ¥ TR As the liquid flow is streamline,
20°c W Faadier i 2 grerar Fr ?WTIEF 830 mPI so mass of liquid entering per second at
¢, @ ST W T e A yaurar 3 aer Fr A=mass of liquid leaving per second at B
qdr WI i.e. ALVLP1 T Q2.V2.P2 e (1)
- i - = -1 =
Ans- Given :Av = 2 cms™ , Ar = 0.5 mm If the liquid is incompressible(an incompressible
velocity gradient or strain rate = Av / Ax = 2 liquid is that whose density does not change)
-1 —_ -1
cms™'/0.5 mm = 40s then p1= pz2 SO, a.vi = QA2.V2
= -3 . = -2 -2
25;1(2)3-:30m: 107 P A=(10A07)x(5x 107 or, av = Constant ... (2)
_ This is known as equation of continuity .From
We know F = -nA AviAx equation(2) one can conclude that, larger is
F =830 x 10% x 5x 10° x40 N the area of cross section, smaller will be its
F =83 x5x4 x10-332 N velocity since v o< 1/a
F= 0.166 N mﬁmwm%ﬁfﬂmaﬁﬁwmﬁ
I AT IR-23TeT 9T
fear I & Av = 2 cms™ , Ax = 0.5 A et SRl &)
FafT-11 (ifhn T57) FMEIRA. — et TF-Hg-3w GFah fged Aawor g (2024)
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| AT o fh yarg Fegaleyd vare gl

a, wﬁ?mmwwm R &
UdTg T Q9T ﬁm%ﬁg'A'waﬁm
gelcg a2

a, v 3R p, TIT & 'B' 9X Rl FT &Thd,
391 3K TAeal A W Jhs YAU Fler Tl
T T JAAAT = anys AR B W 9T TAhs 9ar
FIT T aXeT T AT = @0z

A T 9Td Yehs FaA Fel dlel ool T GedHleT
=a1.V1.p13ﬂTBW9ﬁWWTWWW
a;rm=az.\)2.pz

Yith el YaTg Feaaieud &,

Ia: A W 9fad s YU e arer alo &l
ZSTATT = B W 9ia Ahs Ahddsl aTar alel &l
SSHATT

i aq.v. P1= Q2202 e (1

Ife TR 3UET ¢ (FEAfsd e ag § g
Tolcd oTg] SGeldl g)

Ty p1= P2 ?—ﬂ', a1.V1 = Ao

T, av = B ... (2)

¥ HidcT & FHOT & & H ST Aar gl
AT (2) ¥ PS g fashy fAdrer Thar &

T, Wamwmﬁmwm sH&T
éwmé‘raﬁagﬁ?ﬂ?ﬂn%vocwa

LONG ANSWER TYPE QUESTIONS:

e Ieallw e

1. State and prove Bernoulli’s theorem.
Folfel &1 g7 saw 3R g #:

Ans- To prove Bernoulli’'s theorem, we make the
following assumptions:
i) The liquid is incompressible.
ii) The liquid is non-viscous.
iii) The flow is steady and the velocity of the
liquid is less than the critical velocity for the
liquid.
It states that the total energy (pressure en-
ergy, potential energy and kinetic energy) of

FoefT-11 (e

an incompressible and non-viscous fluid in
a steady flow through a pipe remains con-
stant throughout the flow, provided there is
no source or sink of the fluid along the length
of the pipe. This statement is based on the
assumption that there is no loss of energy
due to friction.

Mathematically, for a unit mass of fluid flow-
ing through a pipe.

P/p+gh+1/2V? =constant

Consider a fluid of negligible viscosity moving
with the laminar flow, as shown in Figurel.

Let the velocity, pressure and area of the
fluid column be

V1, P1and A1 at Q and V2, P2 and A2 at R
. Let the volume bounded by Q and R move
to S and T where QS=L1, and RT=L2 .

If the fluid is incompressible: A1L1=A2L2

The work done by the pressure difference per
unit volume = gain in k.E. per unit volume +
gain in P.E. per unit volume.

Now:
Work done = force x distance =pressure x volume
Net work done per unit volume =P1-P2

K.E. per unit volume =% mv?=% Vpv>=1s pv?
(V = 1 for unit volume)

Therefore:K.E. gained per unit volume =%2p(v2-V',)

P.E. gained per unit volume =pg(h-h:) where
h: and h; are the heights of Q and R above
some reference level.

Therefore:

Pi=P, = %2 p(v-vi?) + pg(h.~h)

P: + 1/2 pvi?2 + pgh: = P+ 1/2 pv? +pgh.
Therefore: P+1/2pv?+pgh is a constant .
For a horizontal tube hi=h;

So we have : P+1/2pv? = a (constant) This is
Bernoulli's theorem.

Tl & 98T & g Fa & AT, g7 Refaf@a

FMEITA. - We FF-0g-3W [aF fnyed Aawor §q (2024)
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ﬂ%ﬁﬁrg‘raw@w‘s"l 2.

SHH Hgl T ¢ Toh T 9IS & ATEIH H T

X yarg & s EFdfsd 3R IR-RufRar

A TST T Fel Fol (GaTd Foll, AT FaAr

3R T 3o QX vare & eNe R g B,

Ut fF JES & AT R TSI F Hs AT

a1 ¥k o gl UIST F1. I HUA 3§ URUMT W Ao

MR & 76 80T & HROT FAt @ HIg gliel

6T Bral &

IO ¥ H, Th U8Y o ACIH I g drel

&d & Uh SHS gedHAd & v

Plp+gh+1/2V? = faad

oo fe A 1 & fg@mr 3 g, dffeR dae &

1Y QAT AT Tl dled Rl I&rd

AT NTAT gg TG T 39T, a9 3T &3P &

Vi, P1 3R A, Q3R Vo, P2 3R A2 R

AT oot f Q 3R R & faRr 3maasr S 3R

T & 3R dedr g, 3l QS=L1 3R RT=L>.

afe ga 3FdsT & A1Li=Asl2

gfd ST ITTAT gaTd R gaRT fohaT I S

= kE & o ufad s 3add + P.E. & aney

gfd g5 I,

foham T FR = 9 x g0 = &9 x A

afd geh1S 3T # foham IR g FR =P1-P2

K.E. 9fd 1S 3adel =% mv2=Y Vpvi=ls pv2

(3FS A & faw vV = 1)

saferRr®K.E. 9fd g8 3madeT ared =% p(v&-v')

P.E. 9fd S&1$ 3madeT 9red =pg(h.-h,)

6T hy 3R h,, Q 3R R Fr Fa15 €I

safaT:

Pi=P. = % p(v*v':) + pg(h.—h)

P1 + 1/2 pV11 + pgh1 = P+ 1/2 pV22 +pgh2
wefT-11 (D (783)

sgfaT: P + 1/2pv2 + pghtUeh 2RI #.
T &ifdst &ge & fav hi=h,

A AR 9 : P+1/2pv2 = a (FBR) 3 s=fehr
FT 97T ¢l

Explain capillary phenomenon and derive an
expression for height of fluid in a capillary
tube raised due to capillary action.

FRFT "gear A sgredr w1 A FRFT Far &
FROT I 38 FRAST <@ & ga A 5415 & fav
TS AfRcafFa area w1

Capillary is a phenomenon of rising or falling
of liquid surface in a small tube compared to
the adjacent normal liquid level. The rise of
liquid in tube known as capillary rise while
depression of fluid level is known as capillary
fall. Capillary depends upon density of liquid,
surface tension of liquid and the diameter of
the tube.

=T, Tecosd

Teosd JR=T

Consider a capillary tube of radius r partially
immersed into a wetting liquid of density p.
Let the capillary rise be h and 6 be the angle
of contact at the edge of contact of the con-
cave meniscus and glass figure. If R is the
radius of curvature of the meniscus then from
the figure, r = R cosé.

Analysing capillary action using Laplace's law
for a spherical membrane Surface tension T
is the tangential force per unit length acting
along the contact line. It is directed into the
liquid making an angle with the capillary wall.
We ignore the small volume of the liquid in
the meniscus. The gauge pressure within the
liquid at a depth h, i.e., at the level of the
free liquid surface open to the atmosphere, is

p—Po=pgh

By Laplace's law for a spherical membrane,
this gauge pressure is

P-Po=2T / R
.. hpg = 2T / R= 2T cosb/r

.. h = 2T cosb / rpg

Thus, narrower the capillary tube, the greater

FWEITA. — T dF-Hg-3R [eas fyed RFavor g (2024)
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is the capillary rise.

FfAPT T gear § Pepead THEET WA TR

1.5 el Brsan arel 57 avigd sifaw o & e
areht § 6 ¥ vH. F WUW H JIHC a9 @
T 81 TF 991 gg 1 fae AW FAv 87

R=T,_ Tcost Teosh JR=T
Ans- Given,
e Terminal velocity of each drop, vt = 6 cms™’
=6 x 102 ms*’
e Radius of each small drop, r = 1.5 mm =
1.5 x 10° m
We have, terminal velocity given by
) 2
] Vi= 9 7;7 (c—p)g
TSI 1 A TH KD ECERL e & S Now, volume of six drops = 6 x 4/3 =nrd
IMRP & & Tedcd & Ml Rer & g g8 Let the volume of bigger drops = 4/3 R®
83X, A NfolT HfAST &7 3T h 3R § = 6 x 4/3 nr® = 4/3 7R3
#H3raae Afaend 3R A HT AHA & Fuh = R3 =6r°
& N W A9 &1 Hio7 g Ife R AfRERd = R =6"r
faraT B A AT A r = R cosd. F = R =1818 x 1.5 x 103 = 2.727 x 10®* m
Fr9doT TR fEeaT & BT STeard ¥ v il:o;\;;lé:eb;ermmal velocity of the bigger drop
P 3UANT FI g SR HRAFT Fhar dg 9 2 ( )
aTa & FR @ & dY 9 sHS e W) v=9 g\ o)g
-3\ 2
F A AT TINET T §1 I§ HIRAS Gar m-,6><10*2=%—(1'5><010 ) (0—0)g
% TIT Th HIOT §olld H g
m e g e g 2(0—0)g _ 6x10~
¢l &7 AR F @ S AR F; AR M9 7 (15x107)°
3ETST X Ed &l NS h W R & Hax AT now uz%ﬁ(o—p)g
cdTd, Ilell, agASH & I Goll FoFd el AcTE 2(72 0)g
FEN T, ¢ =9 7 ———"R’
-2
p—-Po=pgh ............ 1 :&x ) X 107%)?2
Pg (1) (15 %107 (2.727 % 107%)
MR ool & AT dreard & HaH & 34K, =19.83 X 10*m/s
IE AT gaa § =19.83cm s
P-Po=2T / R ... (2) Sea faar ara
hpg = 2T / R= 2T coso/r YA &g &1 3 391, vt = 6 cms™ = 6 x 10-2 ms!
9 BT §¢ T 33T, r = 1.5mm = 1.5 x 10°m
h = 2T cos6 / rpg o
fAeTer qo7 feam arr §
T YFR, hiAeT ATclnT ToTdell Thr gdft, shiRrenr 2r( )
0 —
3 3R & iR g 970 09
. . mwaa’rao‘rafraa?r=6x4/3nr3
Six raindrops each of radius 1.5 mm, come S R
down with a terminal velocity of 6 cm s-1. HIAT S @l F HFAT = 4/3 7R
They coalesce to form bigger drops. What is = 6 X 4/3 nr® = 4/3 nR?®
the terminal velocity of a bigger drop? ~ R® = 6P
HefT-11 (D = FHEIRA. — g IF-TE-IR TeaF Ageh Rewor &9 (2024)
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= R=6"r

= R =1818 x 1.5 x 103 = 2.727 x 10° m

e, 991 §g 1 cfAAS dor foam R §

_ 27

v = 97(‘0_0_)9

2 (1.5x107)*

or,6x 107" gT(P_U)Q
2(0—0)g  6x10

7 - (1.5 %x107%)?

2R

97(0'_0)9
2 (0—p)g

_ 4 2
_9 R

(1.5%x10°

7

-2
6 x 10 7 X (2727 X 107)°

=19.83 X 10*m/s
=19.83 cm s™

or, g
314, (e
HET-11 (b

(185}
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