Fluid Mechanics

Fluid is the name given to a substance which begins to flow when
external force is applied on it. Liquids and gases are fluids. Fluids do not
have their own shape but take the shape of the containing vessel. The
branch of physics which deals with the study of fluids at rest is called
hydrostatics and the branch which deals with the study of fluids in motion
is called hydrodynamics.

Pressure

The normal force exerted by liquid at rest on a given surface in
contact with it is called thrust of liquid on that surface.

The normal force (or thrust) exerted by liquid at rest per unit area
of the surface in contact with it, is called pressure of liquid or hydrostatic
pressure.

If F be the normal force acting on a surface of area A in contact

with liquid, then pressure exerted by liquid on this surface is P = F/A

(1) Units: N /m? or Pascal (S.1.) and Dyne/cm (C.G.S.)

o [P [MLT ]
(2) Dimension : [P]= Al = —[Lz]

(3) At a point pressure acts in all directions and a definite direction

=[MLT?]

is not associated with it. So pressure is a tensor quantity.

(4) Atmospheric pressure : The gaseous envelope surrounding the

earth is called the earth's atmosphere and the pressure exerted by the
atmosphere is called atmospheric pressure. lIts value on the surface of the

earth at sea level is nearly 1.013x10°N /m? or Pascal in S.I., other

practical units of pressure are atmosphere, bar and torr (mm of Hg)

latm=1.01x10°Pa=1.01bar =760 torr

The atmospheric pressure is maximum at the surface of earth and
goes on decreasing as we move up into the earth's atmosphere.

(5) If Py is the atmospheric pressure then for a point at depth A
below the surface of a liquid of density p, hydrostatic pressure P is given
by P=PF, +hpg

(6) Hydrostatic pressure depends on the depth of the point below the
surface (/7), nature of liquid ( 0 ) and acceleration due to gravity (g) while it is

independent of the amount of liquid, shape of the container or cross-sectional
area considered. So if a given liquid is filled in vessels of different shapes to
same height, the pressure at the base in each vessel's will be the same, though
the volume or weight of the liquid in different vessels will be different.

©

(7) In a liquid at same level, tHipl&sure will be same at all points,
if not, due to pressure difference the liquid cannot be at rest. This is why
the height of liquid is the same in vessels of different shapes containing
different amounts of the same liquid at rest when they are in
communication with each other.

HeeP CFi n.?.,.
P and atmospheric pressure 7 is called ga%ge' Ppressure.
P-P,=hpg

Density

In a fluid, at a point, density p is defined as:

. Am dm
p=lim—=—
AV—0 AV dv



(1) In case of homogenous isotropic substance, it has no directional
properties, so is a scalar.

(2) 1t has dimensions [MLﬁS] and S.1. unit kg/m while C.GS. unit
gleewith 1g/cc =10%kg / m®

(3) Density of substance means the ratio of mass of substance to the
volume occupied by the substance while density of a body means the ratio
of mass of a body to the volume of the body. So for a solid body.

Density of body = Density of substance

While for a hollow body, density of body is lesser than that of
substance [AS Vo, > Vg ]

(4) When immiscible liquids of different densities are poured in a
container, the liquid of highest density will be at the bottom while that of
lowest density at the top and interfaces will be plane.

(5) Sometimes instead of density we use the term relative density
or specific gravity which is defined as :

_ Densityofbody
Densityofwater

(6) f m; mass of liquid of density p; and M, mass of density
p, are mixed, then as

m=m;+m, and V=(m;/ p))+(Mm,/ p,)

[As V=m/p]

_m_ m; +m, _ 2m;

Vol p)+myl pp) XM/ p)
2p19,

Ifm=m, p= = Harmonic mean

PL¥ P
(7) If 'V, volume of liquid of density p; and V, volume of liquid
of density p, are mixed, then as:
m=pV,+p,V, and V=V, +V,
IfV,=V, =V

(8) With rise in temperature due to thermal expansion of a given

[As p=m/V]
p =(p, + ;)] 2 = Arithmetic Mean

body, volume will increase while mass will remain unchanged, so density
will decrease, ie.,
p_mV) Ve

= = As V =V,(1+ A0
po MIVG) V. V(l+A0) s ol +7m0)]

Po  ~
=—"2 = p(1-yAO
r @ +yA6) poll =7A0)

(9) With increase in pressure due to decrease in volume, density will

increase, e,

L _mIV) Yy (As p =
Py (MIVy) V

But as by definition of bulk-modulus

Bo vV, 2P e, v=y,|1-2P
AV B

-1
ApY A
So p:po(l—gpj —P0[1+ij

Pascal's Law

]

<|3

It states that if gravity effect is neglected, the pressure at every point
of liquid in equilibrium of rest is same.

or

The increase in pressure at one point of the enclosed liquid in
equilibrium of rest is transmitted equally to all other points of the liquid
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and also to the walls of the container, provided the effect of gravity is
neglected.

Example : Hydraulic lift, hydraulic press and hydraulic brakes
Working of hydraulic lift : 1t is used to lift the heavy loads. If a small
force fis applied on piston of C then the pressure exerted on the liquid

P=f/a [a = Area of cross section of the piston in C]
This pressure is transmitted equally to piston of cylinder D.

Hence the upward force acting on piston of cylinder D.

Load

ig. 1.4
F:PA:iA: f(éj
a a

As A >>a, therefore F >> f. So heavy load placed on the larger
piston is easily lifted upwards by applying a small force.

Archimedes Principle

Accidentally Archimedes discovered that when a body is immersed
partly or wholly in a fluid, at rest, it is buoyed up with a force equal to the
weight of the fluid displaced by the body. This principle is called
Archimedes principle and is a necessary consequence of the laws of fluid
statics.

When a body is partly or wholly dipped in a fluid, the fluid exerts
force on the body due to hydrostatic pressure. At any small portion of the
surface of the body, the force exerted by the fluid is perpendicular to the
surface and is equal to the pressure at that point multiplied by the area.
The resultant of all these constant forces is called upthrust or buoyancy.

To determine the magnitude and direction of this force consider a
body immersed in a fluid of density & as shown in figure. The forces on the
vertical sides of the body will cancel each other. The top surface of the body
will experience a downward force.

F = AR, = A(hog + R,) [As P=hog+P, ]

While the lower face of the body will experience an upward force.

F, = AP, = A(h,o0 + P,)

Fig. 15
As h, > h;, F, will be greater than F, so the body will experience

a net upward force
F=F,-F =Acg(h, —h)
If L is the vertical height of the body F = AcgL = Voy
[As V = AL =AM, —h)]
i.e, F=Weight of fluid displaced by the body.

This force is called upthrust or buoyancy and acts vertically upwards

(opposite to the weight of the body) through the centre of gravity of
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displaced fluid (called centre of buoyancy). Though we have derived this
result for a body fully submerged in a fluid, it can be shown to hold good
for partly submerged bodies or a body in more than one fluid also.
(1) Upthrust is independent of all factors of the body such as its
mass, size, density etc. except the volume of the body inside the fluid.
(2) Upthrust depends upon the nature of displaced fluid. This is why
upthrust on a fully submerged body is more in sea water than in fresh

water because its density is more than fresh water.
(3) Apparent weight of the body of density ( p ) when immersed in
a liquid of density (o).

Apparent  weight = Actual weight - Upthrust =W —F,

=Vpg—Vog = V(p - o)g =Vpg{l—g]
P

Wapp = W[l _ZJ
P

(4) If a body of volume Vis immersed in a liquid of density o then

its weight reduces.

W, = Weight of the body in air, W, = Weight of the body in

water
Then apparent (loss of weight) weight W, —W, =Vog
v =MW,
g
(5) Relative density of a body
(RD)- dens_ltyofbody
densityofwater
B Weightofbody ~ Weightofbody
Weightof equal volume ofwater ~ Water thrust
B Weightofbody
Lossofweight inwater
~ Weightofbody inair W
~ Weightinair—weightinwater W, —W,
(6) 1f the loss of weight of a body in water is 'a ' while in liquid is '&
. o_ _ Upthruston body inliquid
" oy Upthruston body inwater
_ Lossofweightinliquid _ a _ Wair —Wiiguig
Lossofweightinwater b W,;, —W, e
Floatation

(1) Translatory equilibrium : When a body of density p and volume
Vis immersed in a liquid of density o, the forces acting on the body are

Weight of body W =mg =Vpg,
through centre of gravity of the body.

acting vertically downwards

Upthrust force = Voy acting vertically upwards through the centre
of gravity of the displaced liquid i.e., centre of buoyancy.

If density of body is greater than that of liquid p > o

Weight will be more than upthrust so the body will sink

If density of body is equal to that of liquid p=0o

Weight will be equal to upthrust so the body will float fully submerged in

neutral equilibrium with its top surface in it just at the top of liquid

If density of body is lesser than that of liquid p <o

Weight will be less than upthrust so the body will, move upwards and in
equilibrium will float and partially immersed in the liquid Such that,

W =Vinog = Vpg=Viog

Vp =Vj,& Where Vi, is the volume of body in the liquid

(i) A body will float in liquid only and only if p <o
(ii) In case of floating as weight of body = upthrust

So Wy, = Actual weight — upthrust = 0
(iii) In case of floating Vpg = V;,0 0

So the equilibrium of floating bodies is unaffected by variations in g
though both thrust and weight depend on g

(2) Rotatory Equilibrium : When a floating body is slightly tilted
from equilibrium position, the centre of buoyancy B shifts. The vertical line
passing through the new centre of buoyancy B and initial vertical line meet
at a point M called meta-centre. If the meta-centre M is above the centre of
gravity the couple due to forces at G (weight of body W) and at B’
(upthrust) tends to bring the body back to its original position. So for
rotational equilibrium of floating body the meta-centre must always be

higher than the centre of gravity of the body.

--.._.-.._
® Q
oy
o

However, if meta=centre goes, fneiow s, the couple due to forces at G
& (8? P

and B’ tends to topple the floating brdw.6



That is why a wooden log cannot be made to float vertical in water
or a boat is likely to capsize if the sitting passengers stand on it. In these
situations CG becomes higher than MG and so the body will topple if
slightly tilted.

(3) Application of floatation

(i) When a body floats then the weight of body = Upthrust

Vg =Viog = Vi, :(EJV
o

© Vou =V —Vip = [1_3)\/
o
. . : PR Vout P
i.e, Fraction of volume outside the liquid f,; = V =|1-—
o

(ii) For floatation Vp=V,,o0 = p= %0' =f.o

If two different bodies A and B are floating in the same liquid then
Pa _ (fin)a
P (fine

(iii) If the same body is made to float in different liquids of densities

o, and Op respectively.
oa _ MVinks
g (Vina

(iv) If a platform of mass M and cross-section A is floating in a liquid of
density o with its height /2 inside the liquid

Mg = hAog (1)

Now if a body of mass m is placed on it and the platform sinks by y

Vo =(Vi)aoa =Vin)e s

then
(M+m)g=(y+h)Aocg (i)
Subtracting equation (i) from (ii),
mg=Aocyg,ie Woxy (i)

So we can determine the weight of a body by placing it on a floating
platform and noting the depression of the platform in the liquid by it.

Streamline, Laminar and Turbulent Flow

(1) Stream line flow : Stream line flow of a liquid is that flow in
which each element of the liquid passing through a point travels along the
same path and with the same velocity as the preceding element passes
through that point.

Fig. .7
A streamline may be deﬁneﬁ as the path, straight or curved, the

tangent to which at any point gives the direction of the flow of liquid at
that point.
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The two streamlines cannot cross each other and the greater is the

crowding of streamlines at a place, the greater is the velocity of liquid
particles at that place.

Path ABC is streamline as shown in the figure and v, , v, and vj
are the velocities of the liquid particles at A, Band C point respectively.

(2) Laminar flow : If a liquid is flowing over a horizontal surface
with a steady flow and moves in the form of layers of different velocities
which do not mix with each other, then the flow of liquid is called laminar
flow.

In this flow, the velocity of liquid flow is always less than the critical
velocity of the liquid. The laminar flow is generally used synonymously with
streamlined flow.

(3) Turbulent flow : When a liquid moves with a velocity greater
than its critical velocity, the motion of the particles of liquid becomes

disordered or irregular. Such a flow is called a turbulent flow.

%

In a turbulent flow, the path and the velocity of the particles of the
liquid change continuously and Figph&zardly with time from point to point.
In a turbulent flow, most of the external energy maintaining the flow is
spent in producing eddies in the liquid and only a small fraction of energy
is available for forward flow. For example, eddies are seen by the sides of
the pillars of a river bridge.

Critical Velocity and Reynold's Number

The critical velocity is that velocity of liquid flow upto which its flow
is streamlined and above which its flow becomes turbulent.

Reynold's number is a pure number which determines the nature of

flow of liquid through a pipe.

It is defined as the ratio of the inertial force per unit area to the

viscous force per unit area for a flowing fluid.

_Inertialforce per unitarea
[~ S "
Viscous force per unitarea

If a liquid of density p is flowing through a tube of radius r and
cross section A then mass of liquid flowing through the tube per second

dm

—— = volume flowing per second x density = AV X p

dt
.". Inertial force per unit area = dp/dt = v(dm /dt) = VAVp =
A A A
vip
Viscous force per unit area F/ A = n
r

So by the definition of Reynolds number

_ Inertialforce per unitarea vZp _vpr

R Viscousforce per unitarea v /r  7p

If the value of Reynold's number
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(i) Lies between 0 to 2000, the flow of liquid is streamline or

laminar.

(i) Lies between 2000 to 3000, the flow of liquid is unstable and

changing from streamline to turbulent flow.
(iii) Above 3000, the flow of liquid is definitely turbulent.
Equation of Continuity

The equation of continuity is derived from the principle of

conservation of mass.

A non-viscous liquid in shigalhfine flow passes through a tube AB of
varying cross section. Let the cross sectional area of the pipe at points A

and Bbe a; and a, respectively. Let the liquid enter with normal velocity
V; at A and leave with velocity V, at B Let p; and p, be the densities
of the liquid at point A and B respectively.

Mass of the liquid entering per second at A = Mass of the liquid
leaving per second at B

8V, Py = 8V,0, and 8y =a,V,

[If the liquid is incompressible p, = p; ]

1
ao —
Y

or aV =constant or

I

\4

— a
This expression is called fi& &@ation of continuity for the steady flow of

an incompressible and non-viscous liquid.

(1) The velocity of flow is independent of the liquid (assuming the
liquid to be non-viscous)
(2) The velocity of flow will increase if cross-section decreases and

vice-versa. That is why :

(@) In hilly region, where the river is narrow and shallow (i.e, small
cross-section) the water current will be faster, while in plains where the
river is wide and deep (ie, large cross-section) the current will be slower,

and so deep water will appear to be still.

i l ]

l v
Fig. .1

(b) When water falls f%om a tap, the velocity of falling water under

the action of gravity will increase with distance from the tap (ie, V, >V, ).

So in accordance with continuity equation the cross section of the water

stream will decrease (ie, A, < A;), ie, the falling stream of water

becomes narrower.

Energy of a Flowing Fluid

A flowing fluid in motion possesses the following three types of

energy

Pressure Energy

Potential energy

Kinetic energy

It is the energy
possessed by a liquid
by virtue of its

It is the energy
possessed by liquid by
virtue of its height or

It is the energy
possessed by a liquid
by virtue of its

pressure. It is the | position above the | motion or velocity.

measure of work | surface of earth or
done in pushing the | any reference level
liquid against | taken as zero level.
pressure  without

imparting any

velocity to it.

Potential energy of | Kinetic energy of the

the liquid mgh

Pressure energy of

the liquid PV
L liquid %mvz

Pressure energy per | Potential energy per
unit mass of the | unit mass of the
liquid gh

Kinetic energy per
unit mass of the

liquid L liquid iV2
yo) 2

Potential energy per
unit volume of the

liquid pgh

Pressure energy per
unit volume of the
liquid P

Kinetic energy per
unit volume of the

T
liquid —
iqui 2p\/

Bernoulli's Theorem

According to this theorem the total energy (pressure energy,
potential energy and kinetic energy) per unit volume or mass of an
incompressible and non-viscous fluid in steady flow through a pipe remains
constant throughout the flow, provided there is no source or sink of the

fluid along the length of the pipe.

Mathematicany 101 wine voruine ur nyuia nuwinig wirough a pipe.
Fig, 1112

P +pgh+%p\/2 = constant

To prove it, consider a liquid flowing steadily through a tube of non-
uniform area of cross-section as shown in fig. If P, and P, are the

pressures at the two ends of the tube respectively, work done in pushing
the volume V of incompressible fluid from point B to C through the tube
will be

W=RV-PRV =P -PR)V (i)
This work is used by the fluid in two ways.

(a) In changing the potential energy of mass m (in the volume V)

from mgh to mgh,
ie, AU =mg(h, —h,) (i)



1
(b) In changing the kinetic energy from E mVl2 to E mv% ,

1
ie, AK = 5 m3 —v?) M h)
Now as the fluid is non-viscous, by conservation of mechanical
energy
W =AU+ AK

1
ie, (PL—P,)V =mg(h, _h1)+5m(V§ -vi)

1
or Pl_Pzng(hz_h1)+Ep(V§_V12) [As p=m/V ]

1 1
or P1+pghl+§pv12 :P2+Pghz+EPV§

or P+ pgh+%p\/2 = constant

This equation is the so called Bernoulli's equation and represents

conservation of mechanical energy in case of moving fluids.

(i) Bernoulli's theorem for unit mass of liquid flowing through a

pipe can also be written as:

P 1
— +gh+=v?2 =constant
Yol 2

P v
(ii) Dividing above equation by g we get — +h+ 20" constant
A

P
Here — is called pressure head, / is called gravitational head and

2
——is called velocity head. From this equation Bernoulli's theorem can be

stated as.

“In stream line flow of an ideal liquid, the sum of pressure head,
gravitational head and velocity head of every cross section of the liquid is

constant.”

Applications of Bernoulli's Theorem

(i) Attraction between two closely parallel moving boats (or buses)

Fig. 1113
When two boats or buses move side by side in the same direction,

the water (or air) in the region between them moves faster than that on the
remote sides. Consequently in accordance with Bernoulli's principle the
pressure between them is reduced and hence due to pressure difference
they are pulled towards each other creating the so called attraction.

(ii) Working of an aeroplane

v Iarge, P small

vsmall, P ]arge

Fig. 114

————
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This is also based on Bernoulli's principle. The wings of the
aeroplane are of the shape as shown in fig. Due to this specific shape of
wings when the aeroplane runs, air passes at higher speed over it as
compared to its lower surface. This difference of air speeds above and below
the wings, in accordance with Bernoulli's principle, creates a pressure
difference, due to which an upward force called 'dynamic lift' (= pressure
difference x area of wing) acts on the plane. If this force becomes greater

than the weight of the plane, the plane will rise up.

(iii) Action of atomiser

Fig. 115
The action of carburetor, paint-gun, scent-spray or insect-sprayer is

based on Bernoulli's principle. In all these, by means of motion of a piston P
in a cylinder G high speed air is passed over a tube 7 dipped in liquid L to
be sprayed. High speed air creates low pressure over the tube due to which
liquid (paint, scent, insecticide or petrol) rises in it and is then blown off in
very small droplets with expelled air.

(iv) Blowing off roofs by wind storms

r l v large so

Tp P< P,
)

. .Fig. 116 . .
During a tornado or hurricafie, When a high speed wind blows over
a straw or tin rtoof, it creates a low pressure (P) in accordance with

Bernoulli's principle.
However, the pressure below the roof (ie, inside the room) is still

atmospheric (= Py ). So due to this difference of pressure, the roof is lifted
up and is then blown off by the wind.

(v) Magnus effect : When a spinning ball is thrown, it deviates from
its usual path in flight. This effect is called Magnus effect and plays as
important role in tennis, cricket and soccer, etc. as by applying appropriate

spin the moving ball can be made to curve in any desired direction.

If a ball is moving from left to right and also spinning about a
horizontal axis perpendicular to the direction of motion as shown in fig.

then relative to the ball, air will be moving from right to left.

The resultant velocity of air above the ball will be (V+r®) while

below it (V—r®). So in accordance with Bernoulli's principle pressure
above the ball will be less than below it. Due to this difference of pressure
an upward force will act on the ball and hence the ball will deviate from its
usual path OA, and will hit the ground at A; following the path OA;
ie, if a ball is thrown with back-spin, the pitch will curve less sharply
prolonging the flight.

Vertical plane

Fig. 117
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Similarly if the spin is clockwise ie, the ball is thrown with top-spin,
the force due to pressure difference will act in the direction of gravity and
so the pitch will curve more sharply shortening the flight.

Al
28
5 S AD
Horizontal plane

A,

Fig. 118
Furthermore, if the ball is spinning about a vertical axis, the curving
will be sideways as shown in producing the so called out swing or in swing.
(vi) Venturimeter : It is a device based on Bernoulli's theorem used
for measuring the rate of flow of liquid through pipes.
It consists of two identical coaxial tubes A and C connected by a
narrow co-axial tube B Two vertical tubes D and E are mounted on the
tubes A and B to measure the pressure of the flowing liquid.

a d.

When the e tube ARG f flow in part B
will be larger than in thet@bé&i A or C So the pressure in part Bwill be less
than that in tube A or C. By mea‘é‘t%‘i]r%'? the pressure difference between A
and B the rate of flow of the liquid in the tube can be calculated.

Let @, and @, are area of cross section of tube A and B

respectively

Vy, V, = Velocity of flow of liquid through A and B respectively

P,, P, = Liquid pressure at A and B respectively
~ PL—P,=hpg ()
[ p = density of flowing liquid]

From Bernoulli's theorem for horizontal flow of liquid

1 5 1 5
P +—= =P, +=
1 2/0"1 2 vaz

1
P-P,= B Pz —vi) (i)
2 2
From (i) and (ii) hpg = lp(v% —Vlz):lp V_Z_V_z
2 278, a

[As V=aVv, =a,V, ]

2.2
V2 = —Zaélazhzg or V= a, —22hg >
a —a Var —-a;

Velocity of Efflux

If a liquid is filled in a vessel up to height / and a hole is made at a
depth / below the free surface of the liquid as shown in fig. then taking the

level of hole as reference level (ie, zero point of potential energy) and
applying Bernoulli's principle to the liquid just inside and outside the hole
(assuming the liquid to be at rest inside) we get

(Po+hpg)+0=PF, +%p»12 or V=,/2gh

Fig. 1.20

Which is same as the speed that an object would acquire in falling
from rest through a distance 4 and is called velocity of efflux or velocity of
flow.

This result was first given by Torricelli, so this is known as Torricelli's
theorem.

(i)  The velocity of efflux is independent of the nature of liquid, quantity
of liquid in the vessel and the area of orifice.

(ii) Greater is the distance of the hole from the free surface of liquid,

[ie, VoC \/H]

greater will be the velocity of efflux

K<<y

(iii) As the vertical velocity oFiﬁq]u]'iz(] at the orifice is zero and it is at a

height (H —h) from the base, the time taken by the liquid to reach the
2(H —h)
g

(iv) Now during time ¢ liquid is moving horizontally with constant

base-level t =

velocity v, so it will hit the base level at a horizontal distance x (called
range) as shown in figure.

A< x—> B e Xy =H =i

Fig. .22

Such that X =Vt =/2ghx\/[2(H —h)/ g] = 2,/n(H —h)

For maximum range — =
dh

h=—
2

i.e, range x will be maximum when

h=H
2



max

. Maximum range X, = 2 %{H —_:| =H

)

A le— B

’
X =X

Fig. 1.23
If the level of free surface in a container is at height / from the base

and there are two holes at depth / and y below the free surface, then

x =24h(H=h) and x'=2y(H-y)
, e, h((H-h)y=y(H -y)
ie, Yy —Hy+h(H-h)=0

Now if X =X’

or y:%[H +(H -2h)],

ie, Yy=h or (H-h)

ie, the range will be same if the orifice is at a depth 4 or (H —h)
below the free surface. Now as the distance (H —h) from top means

H —(H —h)=h from the bottom, so the range is same for liquid coming

out of holes at same distance below the top and above the bottom.

(vi)

Fig, .24
If A, is the area of orifice at a depth y below the free surface and A

is that of container, the volume of liquid coming out of the orifice per

second will be (dV /dt) =VA, = Aj,/20y [As

=20y |

Due to this, the level of liquid in the container will decrease and so if

the level of liquid in the container above the hole changes from yto y —dy
in time tto t+dt then —dV = Ady

So substituting this value of dV in the above equation

d
—Ad—)t/=Am/29y
ie, | dt_———j y ' 2dy

yir

So the time taken for the level to fall from H to H'
t= ___J‘ y-1/2dy

A Jag \f[\/_\/_]

If the hole is at the bottom of the tank, time ¢ to make the tank empty
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t=— 2H [As here H'ZO}
Ao g

Viscosity and Newton's law of Viscous Force

In case of steady flow of a fluid when a layer of fluid slips or tends
to slip on adjacent layers in contact, the two layer exert tangential force on
each other which tries to destroy the relative motion between them. The
property of a fluid due to which it opposes the relative motion between its
different layers is called viscosity (or fluid friction or internal friction) and
the force between the layers opposing the relative motion is called viscous
force.

Consider the tw MMN-of the liquid at distances x and
x + dx from the fixed surFace Figg 4hving the velocities v and v + dv

dv
respectively. Then W denotes the rate of change of velocity with distance
X

and is known as velocity gradient.

v+ dv
M =x - N
:x+dx
€= x - D
1 | v
1 *
\2
A =¥ B
Rest

Fig. 1126
According to Newton's Iﬁypothesis, the tangential force Facting on a
plane parallel layer is proportional to the area of the plane A and the

, Lo dve ,
velocity gradient — in a direction normal to the layer, ie.,

FoeA ad FolV
dx
Faadl
dx
dv
F=-nA—
or 7] dX

Where 77 is a constant called the coefficient of viscosity. Negative
sign is employed because viscous force acts in a direction opposite to the

flow of liquid.
# ALY 21 then y- £
dx

Hence the coefficient of viscosity is defined as the viscous force
acting per unit area between two layers moving with unit velocity gradient.
(1) Units :

m or Poiseuille or decapoise (S.1. system)

dyne-s-crm or Poise (C.G.S. system); Newton-s-

1 Poiseuille = 1 decapoise = 10 Poise
(2) Dimension : (ML T
(3) Viscosity of liquid is much greater (about 100 times more) than
that of gases ie. 17, > 775

Example : Viscosity of water = 0.01 Poise.

While of air = 200 4 Poise
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(4) With increase in pressure, the viscosity of liquids (except water)
increases while that of gases is practically independent of pressure. The

viscosity of water decreases with increase in pressure.

(5) Difference between viscosity and solid friction : Viscosity differs
from the solid friction in the respect that the viscous force acting between
two layers of the liquid depends upon the area of the layers, the relative
velocity of two layers and distance between two layers, but the friction
between two solid surfaces is independent of the area of surfaces in contact
and the relative velocity between them.

(6) From kinetic theory point of view viscosity represents transport
of momentum, while diffusion and conduction represents transport of mass
and energy respectively.

(7) The viscosity of thick liquids like honey, glycerin, coaltar etc. is
more than that of thin liquids like water.

(8) The cause of viscosity in liquids is cohesive forces among molecules
where as in gases, it is due to diffusion.

(9) The viscosity of gases increases with increase of temperature,
because on increasing temperature the rate of diffusion increases.

(10) The viscosity of liquid decreases with increase of temperature,

because the cohesive force between the liquid molecules decreases with
increase of temperature

Relation between coefficient of viscosity and temperature; Andrade

AeCplT

formula 1 = W

Where T= Absolute temperature of liquid, p = density of liquid, A

and C are constants.

Stoke's Law and Terminal Velocity

When a body moves through a fluid, the fluid in contact with the
body is dragged with it. This establishes relative motion in fluid layers near
the body, due to which viscous force starts operating. The fluid exerts
viscous force on the body to oppose its motion. The magnitude of the
viscous force depends on the shape and size of the body, its speed and the
viscosity of the fluid. Stokes established that if a sphere of radius r moves
with velocity v through a fluid of viscosity 77, the viscous force opposing the

motion of the sphere is
F=6rnrv
This law is called Stokes law.

If a spherical body of radius ris dropped in a viscous fluid, it is first
accelerated and then it's acceleration becomes zero and it attains a constant

velocity called terminal velocity.

f

Fig. 1127
Force on the body

(i) Weight of the body (W) = mg

= (volume x density) x g= %ﬂr3pg

(i) Upward thrust (7) = weight of the fluid displaced

= (volume x density) of the fluid x g = %m’go‘g

(iii) Viscous force (F) = 67znrv
When the body attains terminal velocity the net force acting on the

body is zero. .. W-T-F=0 or = W-T

= 67zr7rV=%ﬁr3pg—%7rr3O'g =%m’3(p—0')g

2 r¥(p-o)g
9 n

(i) Terminal velocity depend on the radius of the sphere so if radius

Terminal velocity V =

is made 1 - fold, terminal velocity will become 77 times.
(ii) Greater the density of solid greater will be the terminal velocity
(iii) Greater the density and viscosity of the fluid lesser will be the

terminal velocity.

(iv) If p > o then terminal velocity will be positive and hence the

spherical body will attain constant velocity in downward direction.

(v) If p < o then terminal velocity will be negative and hence the
spherical body will attain constant velocity in upward direction. Example :

Air bubble in a liquid and clouds in sky.
(vi) Terminal velocity graph :

Time or distance (R)

Fig. 128

Poiseuille’s Formula

Poiseuille studied the stream-line flow of liquid in capillary tubes. He
found that if a pressure difference (P) is maintained across the two ends of
a capillary tube of length '/' and radius r, then the volume of liquid coming
out of the tube per second is

=2 %
r— N
N—

Fig. .29

(i) Directly proportional to the pressure difference (P).

(ii) Directly proportional to the fourth power of radius (r) of the
capillary tube

(iii) Inversely proportional to the coefficient of viscosity (77) of the
liquid.

(iv) Inversely proportional to the length (/) of the capillary tube.
Prt 4

V= KPr

or
7l 7l
prt
8nl

ie. Vo

T
[Where K = ry is the constant of proportionality]

This is known as Poiseuille's equation.
This equation also can be written as,

8nl

zrt

VZEwhere R =
R



R is called as liquid resistance.

(1) Series combination of tubes

o~
o~

Fig. 11.30
(i) When two tubes of length /, / and radii r r are connected in
series across a pressure difference P,
Then P=P+P (i)
Where P and P are the pressure difference across the first and

second tube respectively

(ii) The volume of liquid flowing through both the tubes ie. rate of
flow of liquid is same.

Therefore V =V, =V,

V_”Plrl4 _”Pzrz4
8nl, 8l

Substituting the value of P and P from equation (ii) to equation (i)
we get

(i)

e,

P=P +P, = v{—8’7"} +—8’7'2}

m ty
P P
V = P = =
87l N 8nl, Ri+R;  Reg
' oy

Where R and R are the liquid resistance in tubes

(iiii) Effective liquid resistance in series combination Ry = R; +R,

(2) Parallel combination of tubes

i
() {
[ ]
1
Fig. 1.31
() P=P=-P
4 4
(i) V= WV = Py, Pty
8nl,  87l,
=P ! + i
8nl,  8nl,

Tips & Tricks

T

&5 When a liquid is in equilibrium, the force acting on its surface is

perpendicular everywhere.

(]
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In a liquid, the pressure is same at the same horizontal level.

Pressure at any point is same in all directions.

R & &

The pressure is perpendicular to the surface of the fluid.

&5 The pressure at any point in the liquid depends on depth (/) below
the surface, density of liquid and acceleration due to gravity.

It is independent of the shape of the containing vessel, or total mass of
the liquid.

&5 Force is a vector quantity but pressure is a tensor quantity

&5 Pressure and density play the same role in case of fluids as force
and mass play in case of solids.

&5 Bar and millibar are commonly used units for pressure in
meteorology.

£S5 Sudden fall in atmospheric pressure predicts possibility of a storm.

&5 Water barometer was constructed in 17th century by Von Guericke
and fixed on the outside wall of his house. With the help of this
barometer Von Guericke made the first recorded scientific weather
forecast. He correctly predicted the severe storm after noting a sudden
fall in the height of the water column.

&5 The specific gravity is also known as relative density. Thus, S.G. of a
densityofthesubstance
densityofwater (at 4°C)

substance =

&5 If the specific gravity of the material of a body is x, then its density
is

(1) x g em in C.GS.

(i) x x 10" kg mm in SI.

&5 The number of moles in a sample of any substance containing N

molecules is given by

_ N
h NS

&5 The force between atoms and molecules is electrical in nature.

However, it does not obey inverse square law.

£5 1If two liquids of masses m, m and densities p, p are mixed

together, then the density of the mixture is given by

_my+m,

m, m
my My
P P2

&5 1f two liquids of same mass but different densities are mixed
together, then the density of the mixture is harmonic mean of the

densities. That is

20,0, 1 1{1 1}
= — OI'_:__+_
pPLtp, P2l P

£&5 It two drops of same volume but different densities are mixed

together, then the density of the mixture is arithmetic mean of the
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+
densities. That is p = %

&5 The density of the liquid changes with pressure as follows :
Ap
P =Py 1+E where AP = change in pressure and B is the bulk

modulus.

&5 The density of a liquid of bulk modules B at depth 4 is given
hpg

Pd = Po {1 v ?}

Where p is the average density of the liquid.

&5 The hydrometer can be used to measure density of the liquid or
fluid.

&5 1If a vessel contains liquid upto a height / and it has a hole in the

side at a height A, then the velocity of efflux is V =4/2g(H —h) . The
time taken by the liquid to reach the ground level is t=42h/Q.

Horizontal range of the liquid R = 2[h(H — h)]ll2 . The range is same

for the hole at a height / above the bottom or at the depth /4 below the
surface of the liquid.

The range is maximum for h=H /2 .1t is given by :

e

& The cross-section of the water stream from a tap decreases as it

goes down in accordance with the equation of continuity.

&5 The upthrust on body immersed in a liquid does not depend on the
mass, density or shape of the body. 1t only depends on the volume of the

body.

& The weight of the plastic bag full of air is same as that of the
empty bag because the upthrust is equal to the weight of the air

enclosed.

&5 Upthrust depends on the density of the fluid, not the density of the
body.

&5 1f two bodies have equal upthrust in a liquid, both have the same

volume.
&5 When air blows over a roof, the force on the roof is upwards.

&5 1If one floats one’s back on the surface of water, the apparent

weight is zero.

&5 1f a body just floats in liquid (density of the body is equal to the
density of liquid) then the body sinks if it is pushed downwards.

&5 The line joining the centre of gravity and centre of buoyancy is

called central line.

&5 The point where the vertical line through centre of huoyancy

intersects the central line is called metacentre.

&5 The floating body is in stable equilibrium where the metacentre is
above the centre of gravity. (Centre of gravity is below the centre of

buoyancy)

&5 The floating body is in unstable equilibrium when the metancetre
lies below the centre of gravity. (Centre of gravity is above the centre of
buoyancy).

&5 The floating body is in the neutral equilibrium when centre of
gravity coincides with the metacentre. (Centre of gravity coincides with
the centre of buoyancy).

&5 The wooden rod cannot float vertically in a pond of water because

centre of gravity lies above the metacentre.

&5 Air bubble in water always goes up. It is because density of air (p)

is less than the density of water (0). So the terminal velocity for air
bubble is negative, which implies that the air bubble will go up. Positive
terminal velocity means the body will fall down.

&5 The faster the air, the lower the pressure.

&5 Wings of an aeroplane are shaped to make air travel further and
faster over their top surfaces.

&5 The lift force on a wing or aerofoil is proportional to the square of
the speed of flow.

&5 Viscous force between the layers of a liquid is analogous to friction
between two solid surfaces.

&5 With increase in temperature, the coefficient of viscosity of liquids
decreases but that of gases increases. The reason is that as temperature
rises, the atoms of the liquid become more mobile, whereas in case of a
gas, the collision frequency of atoms increases as their motion becomes
more random.

&5 We cannot sip a drink with a straw on the moon because there is
no atmosphere on the moon.
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T Ordinary Thinking

Objective Questions

Pressure and Density

If pressure at half the depth of a lake is equal to 2/3 pressure at the
bottom of the lake then what is the depth of the lake

[RPET 2000]
(@ 10 m (b) 20m
(c) 60 m (d) 30m
2. Two bodies are in equilibrium when suspended in water from the

arms of a balance. The mass of one body is 36 g and its density is 9
g/ cm. If the mass of the other is 48 g; its density in g/ crm is

4 3
x b 2
@) 3 (b) >
(€ 3 @ s
3. An inverted bell lying at the bottom of a lake 47.6 m deep has 50

cm of air trapped in it. The bell is brought to the surface of the
lake. The volume of the trapped air will be (atmospheric pressure =
70 cm of Hg and density of Hg =13.6 g/cm)

(@) 350 cmr (b) 300 crr
(c) 250 cmr (d) 22 cm

4. A uniformly tapering vessel is filled with a liquid of density 900
kglm. The force that acts on the base of the vessel due to the liquid

is (g =10 ms*z) Area = 10

(a) 36N

(b) 72N T

() 90N 0']'"

@
5. A siphon in use is demonstrated in the following Tigure—Tne density

of the liquid flowing in siphon is 1.5 gm/cc. The pressure difference
between the point Pand S will be

(@) 10 Nim
(b) 2x10 Mm
(c) Zero
(d) Infinity
6. The height of a mercury barometer is 75 cm at sea level and 50 cm

at the top of a hill. Ratio of density of mercury to that of air is 10-.
The height of the hill is

(a) 250 m (b) 2.5 km
(c) 125 km (d) 750 m
7. Density of ice is 0 and that of water is 0. What will be the

decrease in volume when a mass M of ice melts

Equal masses of water and a liquid of density 2 are mixed together,
then the mixture has a density of

@ 273 (b) 4/3
© 30 @ 3
A body of density 0 is counterpoised by Mg of weights of density

d, in air of density d. Then the true mass of the body is

(@) M b M [1 —1]

2
© M(l—di] @ M@1—d/d,)
1 @-d/d,)

The pressure at the bottom of a tank containing a liquid does not
depend on [Kerala (Engg.) 2002]

(a) Aq@&r@p’m qlégﬂo gravity
(b) Height of the liquid column
(c) Area of the bottom surface
(d) Nature of the liquid

When a large bubble rises from the bottom of a lake to the surface.
Its radius doubles. If atmospheric pressure is equal to that of column
of water height #, then the depth of lake is

[CPMT 1989)] [AIMS 1995; AFMC 1997]
(@ H (b) 2H
() 7H (d) 8H
The volume of an air bubble becomes three times as it rises from
the bottom of a lake to its surface. Assuming atmospheric pressure
to be 75 cm of Hg and the density of water to be 1/10 of the density
of mercury, the depth of the lake is

(@ s5m (b) 10m
() 15m (d) 20m

The value of g at a place decreases by 2%. The barometric height of
mercury

(@) TIncreases by 2%

(b)
(c) Remains unchanged
d)

(

A barometer kept in a stationary elevator reads 76 cm. If the

Decreases by 2%

Sometimes increases and sometimes decreases

elevator starts accelerating up the reading will be
(@) Zero (b) Equal to 76 cm
(¢) More than 76 cm (d) Less than 76 cm

A closed rectangular tank is completely filled with water and is
accelerated horizontally with an acceleration a towards right.
Pressure is (i) maximum at, and (ii) minimum at

(@ () B (i) D

(b) () C(i)D a
(€) ()B(i)C

(d) () B(i) A e

A beaker containing a liquid is kept inside a big closed jar. If the air
inside the jar is continuously pumped out, the pressure in the liquid
near the bottom of the liquid will

(@) Increases
(b) Decreases

() Remain constant



20.

21.

22,

23.

(d) First decrease and then increase

A barometer tube reads 76 cm of mercury. If the tube is gradually
inclined at an angle of 60 with vertical, keeping the open end
immersed in the mercury reservoir, the length of the mercury
column will be

() 152 cm (b) 76 cm

d) 38v3cm

The height to which a cylindrical vessel be filled with a
homogeneous liquid, to make the average force with which the

(c) 38 cm

liquid presses the side of the vessel equal to the force exerted by the
liquid on the bottom of the vessel, is equal to

(@) Half of the radius of the vessel

(b) Radius of the vessel

(c) One-fourth of the radius of the vessel
(d) Three-fourth of the radius of the vessel

A vertical U-tube of uniform inner cross section contains mercury in
both sides of its arms. A glycerin (density = 1.3 gfcrm) column of
length 10 cm is introduced into one of its arms. Oil of density 0.8
gmjcm is poured into the other arm until the upper surfaces of the
oil and glycerin are in the same horizontal level. Find the length of
the oil column, Density of mercury = 13.6 g/crm

£
(@) 104 ecm é
(b) 82cm ©
(¢) 72cm
(d) 9.6 cm

A triangular lamina of area A and height 4 is immersed in a liquid of
density p in a vertical plane with its base on the surface of the

liquid. The thrust on the lamina is

1 1
= Apgh b) = Apgh

@ A ®) 3 A
1 2
= Apgh d) = Apgh

) A ) S A

If two liquids of same masses but densities p; and p, respectively

are mixed, then density of mixture is given by

+
@ p= PLt P2 ®) _PLt P
2 2p1p;
2
(© p= PPz d p= _P1P2
P1t P2 P1t P2

and p,

If two liquids of same volume but different densities p;

are mixed, then density of mixture is given by

@ p= P1Lt P ®) _PLt P
2 2p1p,
2
(©) _ “P1P2 (d) __PiPr
P1t P2 P1t P2

The density p of water of bulk modulus B at a depth y in the

ocean is related to the density at surface p, by the relation

@) p=%ﬁ—p§q

(b) p=%P+pfq

24.

25.

26.

27.

28.

29.

30.
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With rise in temperature, density of a given body changes according
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to one of the following relations

@ p=poll+ydd] b) p=poll-ydd]
(€©) p=podd d) p=pylndo
Three liquids of densities d,2d and 3d are mixed in equal
volumes. Then the density of the mixture is
(@ d (b) 2d
() 3d d) s5d
Three liquids of densities d,2d and 3d are mixed in equal
proportions of weights. The relative density of the mixture is
11d 18d
bl B =22
(@) 7 (b) m
13d 23d
== 4 =24
(c) 9 (d) 18

From the adjacent figure, the correct observation is

T

(@) The pressure on e bottom of tank (k) is greater than at the
bottom of (b).

(b) The pressure on the bottom of the tank (a) is smaller than at
the bottom of (b)

(c) The pressure depend on the shape of the container
(d) The pressure on the bottom of (a) and (b) is the same

A given shaped glass tube having uniform cross section is filled with
water and is mounted on a rotatable shaft as shown in figure. If the
tube is rotated with a constant angular velocity @ then

A S

a) Water levels it L: ¢ 2L &-Bgb up

b) Water level in Section A goes up and that in B comes down

(
(
() Water level in Section A comes down and that in Bit goes up
(d) Water levels remains same in both sections
Why the dam of water reservoir is thick at the bottom

[AFMC 2005]
(a) Quantity of water increases with depth
(b) Density of water increases with depth
(c) Pressure of water increases with depth
(d) Temperature of water increases with depth

Air is blown through a hole on a closed pipe containing liquid. Then

the pressure will [AFMC 2005]

(@) Increase on sides
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(b) Increase downwards
(c) Increase in all directions
(d) Never increases

Radius of an air bubble at the bottom of the lake is rand it becomes
2r when the air bubbles rises to the top surface of the lake. If P cm
of water be the atmospheric pressure, then the depth of the lake is

@ 2p (b) 8p
(c) 4p (d) 7p

Pascal's Law and Archmidies Principle

An ice berg of density 900 Kg/m is floating in water of density 1000
Kg/m. The percentage of volume of ice-cube outside the water is

(b) 35%
(e) 10% d) 25%

(@) 20%

A log of wood of mass 120 Kg floats in water. The weight that can
be put on the raft to make it just sink, should be (density of wood =

600 Kg/m) [CPMT 2004]
(a) 80 Kg (b) 50 Kg
() 60 Kg (d) 30 Kg

A hemispherical bowl just floats without sinking in a liquid of
density 1.2 x 10kg/m. If outer diameter and the density of the bowl
are 1 m and 2 x 10° kg/m respectively, then the inner diameter of the

bowl will be [SCRA 1998]
(@) 0.94 m (b) 097 m
(¢) 0.98 m (d) 0.99 m

In making an alloy, a substance of specific gravity S; and mass m;
is mixed with another substance of specific gravity S, and mass

M, ; then the specific gravity of the alloy is

" (m1+m2J " ( 5,5, ]

m m
my  m,
(¢) /77— Ee——
—= 4 £
St S

A concrete sphere of radius R has a cavity of radius r which is

[CPMT 1995]

()

packed with sawdust. The specific gravities of concrete and sawdust
are respectively 2.4 and 0.3 for this sphere to float with its entire
volume submerged under water. Ratio of mass of concrete to mass
[ATIMS 1995]

(b) 4
(d) Zero

of sawdust will be
@@ 8
(€ 3

A metallic block of density 5 gm cm’ and having dimensions 5 cm x
5 cm x 5 cm is weighed in water. Its apparent weight will be

(b) 4><4><4><4gf
(d) 4x5x5x%x5¢f

A cubical block is floating in a liquid with half of its volume

(a) 5><5><5><5gf
(c) 5><4><4><4gf

immersed in the liquid. When the whole system accelerates upwards

with acceleration of g/3, the fraction of volume immersed in the

liquid will be

(@)

(b)

®|w N
D —
|a

Kerla PET 2005]

(c)

(d)

Mlw wN

A silver ingot weighing 2.1 kg is held by a string so as to be
completely immersed in a liquid of relative density 0.8. The relative

density MTA%%40.5. The tension in the string in kg-wtis
(@) 1.6 (b) 194
(e) 31 (d) 5.25

A sample of metal weighs 210 gm in air, 180 gm in water and 120
gm in liquid. Then relative density (RD) of

(@) Metal is 3 (b) Metal is 7

(¢) Liquidis 3 (d) Liquidis %

Two solids A and B float in water. It is observed that A floats with
half its volume immersed and B floats with 2/3 of its volume
immersed. Compare the densities of A and B

(@ 4:3 (b) 2:3

() 3: 4 (d) 1:3

The fraction of a floating object of volume V| and density dg
above the surface of a liquid of density d will be

d dd,
0 b) —2-

@ ®
d—d, dd,
—0 d

(e q (d) d—d,

Pressure applied to an enclosed fluid is transmitted undiminished to
every portion of the fluid and the walls of the containing vessel. This
law was first formulated by

(@) Bernoulli (b) Archimedes

(c) Boyle (d) Pascal

A block of steel of size 5 cm x 5 cm x 5 cm is weighed in water. If
the relative density of steel is 7, its apparent weight is

(@) 6x5x5x5gf (b) 4x4x4x7gf

() 5x5x5x7gF (d) 4x4x4x6gf

A body is just floating on the surface of a liquid. The density of the

body is same as that of the liquid. The body is slightly pushed down.
What will happen to the body  [AlIMS 1980]

(@) 1t will slowly come back to its earlier position
(b) 1t will remain submerged, where it is left

(c) 1t will sink

(d) 1t will come out violently

A cork is submerged in water by a spring attached to the bottom of
a bowl. When the bowl is kept in an elevator moving with
acceleration downwards, the length of spring

(b) Decreases
(d) None of these

(@) Increases

() Remains unchanged



20.

21.

22.

23.

A solid sphere of density 7 ( > 1) times lighter than water is
suspended in a water tank by a string tied to its base as shown in
fig. If the mass of the sphere is m then the tension in the string is
given by

-1
(a) [UTJ mg 24.

(b) 7mg
mg_

© o

@ (7-1mg

A hollow sphere of volume V'is floating on water surface with half
immersed in it. What should be the minimum volume of water
poured inside the sphere so that the sphere now sinks into the
water

@ VI/2 (b)
© Vi4 @ v

A rectangular block is 5 cm x 5 c¢m x 10cm in size. The block is
floating in water with 5 cm side vertical. If it floats with 10 crm side

vertical, what change will occur in the level of water? 26.

(@) No change

(b) 1t will rise
(c) 1t will fall
(d) 1t may rise or fall depending on the density of block 27.

A ball whose density is 0.4 x 10 kg/m falls into water from a height
of 9 cm . To what depth does the ball sink

(b) 6 cm
(¢) 4.5cm (d) 225 cm

@ 9ecm

Two solids A and B float in water. It is observed that A floats with
1 1
— of its body immersed in water and B floats with — of its

volume above the water level. The ratio of the density of A to that of
Bis

@ 4:3 ®) 2:3

() 3:4

A boat carrying steel balls is floating on the surface of water in a
tank. If the balls are thrown into the tank one by one, how will it
affect the level of water [J&K CET 2005]

(@) 1t will remain unchanged

(b) 1t will rise

(c) Tt will fall 2.
(d) First it will first rise and then fall

Two pieces of metal when immersed in a liquid have equal upthrust
on them; then

(a) Both pieces must have equal weights

(b) Both pieces must have equal densities
(c) Both pieces must have equal volumes
(d) Both are floating to the same depth

A wooden cylinder floats vertically in water with half of its length
immersed. The density of wood is

V/3 25
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(! 1]

a) Equal of that of water

C

(
(b) Half the density of water
(

) Double the density of water
(d)
A candle of diameter d is floating on a liquid in a cylindrical
container of diameter D (D>>d) as shown in figure. If it is burning
at the rate of 2cm/hour then the top of the candle will

The question is incomplete

’!
(@) Remain at the same height v
(b) Fall at the rate of 1 crm/hour 7 TL B
(c) Fall at the rate of 2 cm/hour i
(d) Go up the rate of 1em/hour > dle
An ice block contains a glass ball when D vithin the
water containing vessel, the level of water [AFMC 2005]

(@) Rises (b) Falls

(c) Unchanged (d) First rises and then falls
A large ship can float but a steel needle sinks because of

[AFMC 2005]
(@) Viscosity (b) Surface tension
(c) Density (d) None of these
Construction of submarines is based on [Kerala PMT 2005)
(@) Archimedes’ principle (b) Bernoulli’s theorem

(c) Pascal's law (d) Newton’s laws

Fluid Flow

In which one of the following cases will the liquid flow in a pipe be

most streamlined [Pb. CET 2005]

(@) Liquid of high viscosity and high density flowing through a

pipe of small radius

(b) Liquid of high viscosity and low density flowing through a pipe

of small radius

(¢) Liquid of low viscosity and low density flowing through a pipe

of large radius

(d) Liquid of low viscosity and high density flowing through a pipe

of large radius

Two water pipes of diameters 2 c¢m and 4 cm are connected with
the main supply line. The velocity of flow of water in the pipe of 2

cm diameter is [MNR 1980]

(a) 4 times that in the other pipe

(b) Z times that in the other pipe

(c) 2 times that in the other pipe

(d) E times that in the other pipe
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An incompressible liquid flows through a horizontal tube as shown 10. A large tank filled with water to a height ‘# is to be emptied
in the following fig. Then the velocity v of the fluid is through a small hole at the bottom. The ratio of time taken for the
level of water to fall from Ato — and from — to zero is
: 1
W=3mh —> A @ V2 b) ——
V2
1
(@) 3.0 m/s (© \/E -1 (d) \/E 1
() 1.0 m/s (d) 2.25 m/s
. 1. A cylinder of height 20 m is completely filled with water. The
Water enters through end A with speed V; and leaves through end velocity of efflux of water (in m/s) through a small hole on the side
B with speed V, of a cylindrical tube AB. The tube is always wall of the cylinder near its bottom is
completely filled with water. In case 1 tube is horizontal and in case [AIEEE 2002]
1 it is vertical with end A upwards and in case 11l it is vertical with @) 10 (b) 20
end B upwards. We have V; =V, for (©) 255 @ s
(a) Casel (b) Casell 12. There is a hole in the bottom of tank having water. If total pressure
(c) Casell (d) Each case at bottom is 3 atm (1 atm = 10N/m) then the velocity of water
flowing from hole is [CPMT 2002]
Water is moving with a speed of 5.8 ms through a pipe with a
cross-sectional area of 4.20 cm. The water gradually descends 9.66 (a) v400m/s (b) /600 m/s
m as the pipe increase in area to 7.60 crr. The speed of flow at the
lower level is (c) ~v60m/s (d) None of these
(@) 3.0 ms (b) 5.7 ms
13. There is a hole of area A at the bottom of cylindrical vessel. Water is
(c) 382 ms (d) 286 ms filled up to a height 4 and water flows out in ¢ second. If water is
The velocity of kerosene oil in a horizontal pipe is 5 m/s. If filled to a height 44, it will flow out in time equal to
g=10m /s? then the velocity head of oil will be (@ ¢ (b) 4t
(a) 125 m (b) 125 m () 2t d)
() 0125 m d) 125 m 14. A cylindrical tank has a hole of 1 cm7 in its bottom. If the water is
F . q i ) allowed to flow into the tank from a tube above it at the rate of 70
In the following fig. is shown the flow of liquid through a horizontal cm/sec. then the maximum height up to which water can rise in the
pipe. Three tubes A, Band C are connected to the pipe. The radii of tank is
the tubes A, Band C at the junction are respectively 2 ¢m, 1 cm and
2 cm. It can be said that the (@) 25em (b) 5em
() 10 cm (d) 0.25cm
15. A square plate of 0.1 m side moves parallel to a second plate with a
velocity of 0.1 m/s, both plates being immersed in water. If the
viscous force is 0.002 N and the coefficient of viscosity is 0.01 poise,
distance between the plates in m is
[EAMCET (Med.) 2003]
(@) o (b) o0.05
(a) Height of the liquid in the tube A is maximum () 0.005 (d) o0.0005
(b) Height of the liquid in the tubes A and Bis the same 16. Spherical balls of radius 'F are falling in a viscous fluid of viscosity
(c) Height of the liquid in all the three tubes is the same 'l with a velocity 'v. The retarding viscous force acting on the
(d) Height of the liquid in the tubes A and Cis the same spherical ball is [ATEEE 2004]
A manometer connected to a closed tap reads 3.5 x 100 N/m. When (@) Inversely proportional to 'F but directly proportional to velocity
the valve is opened, the reading of manometer falls to 3.0 x 10° N/m, Y
then velocity of flow of water is (b) Directly proportional to both radius '# and velocity 'v
(@) 100 m/s (b) 10 m/s
(c) Inversely proportional to both radius '#* and velocity 'v
(c) 1mis (d) 10V10 mis (d) Directly proportional to ' but inversely proportional to 'v
Air is streaming past a horizontal air plane wing such that its speed 17. A small sphere of mass m is dropped from a great height. After it

in 120 m/s over the upper surface and 90 /s at the lower surface. If
the density of air is 1.3 kg per metre and the wing is 10 m long and
has an average width of 2 m, then the difference of the pressure on

the two sides of the wing of
(a) 4095.0 Pascal (b) 409.50 Pascal

() 40.950 Pascal (d) 4.0950 Pascal

has fallen 100 m, it has attained its terminal velocity and continues
to fall at that speed. The work done by air friction against the
sphere during the first 100 m of fall is

[MP PMT 1990]

(a) Greater than the work done by air friction in the second 100 m



20.

21.

22,

23.

(b) Less than the work done by air friction in the second 100 m
() Equal to 100 mg
(d) Greater than 100 mg

Two drops of the same radius are falling through air with a steady
velocity of 5 cm per sec. If the two drops coalesce, the terminal

velocity would be [MP PMT 1990]

(@) 10 cm per sec (b) 2.5 cm per sec

(¢ 5x (4)1/3 CM per sec  (d) 5x \/E CM  per sec

A ball of radius r and density p falls freely under gravity through a
distance / before entering water. Velocity of ball does not change
even on entering water. If viscosity of water is 7}, the value of 4 is
given by

e )
o 2e(2]s

(b) i rz(p__lj g

81 n
2 Jp-1Y
(©) —r“[—‘}g
81 n
2
@ Er“(—p‘ljg
9 n

The rate of steady volume flow of water through a capillary tube of
length '/ and radius '# under a pressure difference of Pis V. This
tube is connected with another tube of the same length but half the
radius in series. Then the rate of steady volume flow through them
is (The pressure difference across the combination is P)

\ \

@) (b)

16 17

16V 17v

=7 4 —=
© - @ 75

A liquid is flowing in a horizontal uniform capillary tube under a
constant pressure difference P. The value of pressure for which the
rate of flow of the liquid is doubled when the radius and length both
are doubled is

[EAMCET 2001]

3p

@ r (b) e
P P

(c) 7 (d) 7

We have two (narrow) capillary tubes 7 and 7. Their lengths are /
and / and radii of cross-section are r and r respectively. The rate of
flow of water under a pressure difference P through tube 7 is
8cmisec. If [ = 2] and r =r, what will be the rate of flow when the
two tubes are connected in series and pressure difference across the
combination is same as before (= P)

(@) 4 cmlsec (b) (16/3) cm/sec

(c) (8N17) cm/sec (d) None of these

In a laminar flow the velocity of the liquid in contact with the walls
of the tube is

(@) Zero

(b) Maximum

24.

25.

26.

27.

28.

29.

30.

31
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(c) In between zero and maximum
(d) Equal to critical velocity

In a turbulent flow, the velocity of the liquid molecules in contact
with the walls of the tube is

(@) Zero

(b) Maximum

(c) Equal to critical velocity

(d) May have any value

The Reynolds number of a flow is the ratio of
(@) Gravity to viscous force

(b) Gravity force to pressure force

(c) Inertia forces to viscous force

(d) Viscous forces to pressure forces

Water is flowing through a tube of non-uniform cross-section ratio
of the radius at entry and exit end of the pipe is 3 : 2. Then the
ratio of velocities at entry and exit of liquid is

[RPMT 2001]
@ 4:9 (b) 9:4
(c) 8:27 (d 1:1

Water is flowing through a horizontal pipe of non-uniform cross-
section. At the extreme narrow portion of the pipe, the water will
have [MP PMT 1992]

(@) Maximum speed and least pressure

(

b)
(c) Both pressure and speed maximum
d)

(
A liquifEAMGETH(Enggbeddsin left to right as shown in figure. A;

Maximum pressure and least speed

Both pressure and speed least

and A, are the cross-sections of the portions of the tube as shown.

Then the ratio of speeds V; /V, will be

(@) A1 /Az

b) A, lA
© A, 1A
@ A 1A,

In a streamline flow

(@) The speed of a particle always remains same
(b) The velocity of a particle always remains same

() The kinetic energies of all the particles arriving at a given

point are the same

(d) The moments of all the particles arriving at a given point are

the same

An application of Bernoulli's equation for fluid flow is found in

(a) Dynamic lift of an aeroplane
(b) Viscosity meter

(c) Capillary rise

(d) Hydraulic press

The Working of an atomizer depends upon
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[MP PMT 1992; AFMC 2005]

(@) Bernoulli's theorem (b) Boyle's law
() Archimedes principle (d) Newton's law of motion

32.  The pans of a physical balance are in equilibrium. Air is blown
under the right hand pan; then the right hand pan will

(@) Move up

(b) Move down

() Move erratically
(

d) Remain at the same level

33. According to Bernoulli's equation
P 1v?
— +h+=— =constant
~9 29

The terms A, Band C are generally called respectively:
(@) Gravitational head, pressure head and velocity head
(b) Gravity, gravitational head and velocity head

(c) Pressure head, gravitational head and velocity head
(d) Gravity, pressure and velocity head

34. At what speed the velocity head of a stream of water be equal to 40

cm of Hg
(@) 282.8 cmy/sec (b) 432.6 cm/sec
(¢) 632.6 cm/sec (d) 832.6 cm/fsec

35.  The weight of an aeroplane flying in air is balanced by

(@) Upthrust of the air which will be equal to the weight of the air
having the same volume as the plane

(b) Force due to the pressure difference between the upper and

lower surfaces of the wings, created by different air speeds on
the surface

(c¢) Vertical component of the thrust created by air currents

striking the lower surface of the wings

(d) Force due to the reaction of gases ejected by the revolving
propeller

36. In this figure, an ideal liquid flows through the tube, which is of

uniform cross-section. The liquid has velocitiesV, and Vg, and

pressure P and P at points A and B respectively

@@ Vva=Vg e

(b) Vg >Vp

@ P-r f——
d r-pP

37.  Aliquid flows through a horizontal tube. The velocities of the liquid

in the two sections, which have areas of cross-section A; and A,,

are V; and V, respectively. The difference in the levels of the liquid

in the two vertical tubes is A

38.

39.

40.

42,

(@) The volume of the liquid flowing through the tube in unit
time is Alvl

(b) v, v, =+2gh H

() v2—-vZ=2gh

(d) The energy per unit mass of the liquid is the same in both
sections of the tube

A sniper fires a rifle bullet into a gasoline tank making a hole 53.0 m
below the surface of gasoline. The tank was sealed at 3.10 atm. The
stored gasoline has a density of 660 kgm. The velocity with which
gasoline begins to shoot out of the hole is

(@) 27.8ms? (b) 41.0ms™

() 9.6ms™ (d 19.7ms™

An L-shaped tube with a small orifice is held in a water stream as
shown in fig. The upper end of the tube is 10.6 cm above the surface
of water. What will be the height of the jet of water coming from
the orifice? Velocity of water stream is 2.45 m/s

(@) Zero

(b) 20.0 cm

() 10.6 cm

(d) 40.0 cm

Fig. represents vertical sections o i 2.45 my/s Tizontally in

air. In which case the force is upwards

An L-shaped glass tube is just
immersed in flowing water such
that its opening is pointing
against flowing water. If the speed
of water current is v, then

(@) The water in the tube rises

2
Vv
to height —
29

(b) The water in the tube rises to height 2\%

() The water in the tube does not rise at all

(d) None of these
A tank is filled with water up to a height H. Water is allowed to
come out of a hole 7 in one of the walls at a depth D below the
surface of water. Express the horizontal distance x in terms of H and

D [MNR 1992; CPMT 2004]
(a) x=4D(H -D)
D(H - D)
b =
®) >
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(d) x=4,D(H -D)

A cylindrical vessel of 90 cm height is kept filled upto the brim. It
has four holes 1, 2, 3, 4 which are respectively at heights of 20 cm,
30 cm, 45 cm and 50 cm from the horizontal floor PQ. The water

falling at the maximum horizontal distance from the vessel comes
from

[CPMT 1989]
a) Hole number 4
b) Hole number 3

c) Hole number 2

(
(
(
(

d) Hole number 1

P
A rectangular vessel when full vi wawei wnes 1w U t?be
emptied through an orifice in its bottom. How much time will it
take to be emptied when half filled with water

(@) 9 minute (b)
() 5 minute (d)

7 minute

3 minute

A streamlined body falls through air from a height 4 on the surface
of a liquid. If dand D(D > d) represents the densities of the material
of the body and liquid respectively, then the time after which the
body will be instantaneously at rest, is

@ 2 w 22

g g d

2h d 2h d
(c) 9D (d) E(_Dfdj

A large tank is filled with water to a height /. A small hole is made
at the base of the tank. It takes T; time to decrease the height of

H
water to — (17 >1); and it takes T, time to take out the rest of
n

water. If T; =T, , then the value of 77 is
@ 2 (b) 3
© a @ 242

Velocity of water in a river is [CBSE PMT 1988]
(a) Same everywhere

(b) More in the middle and less near its banks

(¢) Less in the middle and more near its banks

(d) Increase from one bank to other bank

As the temperature of water increases, its viscosity

(a) Remains unchanged

(b) Decreases

(c) Increases

(d) Increases or decreases depending on the external pressure

The coefficient of viscosity for hot air is

(@) Greater than the coefficient of viscosity for cold air

(b) Smaller than the coefficient of viscosity for cold air

(c) Same as the coefficient of viscosity for cold air

(d) Increases or decreases depending on the external pressure

A good lubricant should have

(a) High viscosity (b)
(c) Moderate viscosity (d)

Low viscosity
High density
We have three beakers A, B and C containing glycerine, water and
kerosene respectively. They are stirred vigorously and placed on a
table. The liquid which comes to rest at the earliest is

(@) Glycerine

52.

53.

54.

55.

56.

57.

58.
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(b) Water
(c) Kerosene

(d) All of them at the same time

A small drop of water falls from rest through a large height h in air;
the final velocity is

(@) o Jh
(b) och
() oc(d/h)

(d) Almost independent of A

The rate of flow of liquid in a tube of radius r, length / whose ends

Pr
are maintained at a pressure difference Pis V = L | where 77
7
is coefficient of the viscosity and Q is
[DCE 2002]
1
a) 8 b) —
(@) ®) 3
1

(€) 16 @ —
16

In Poiseuilli's method of determination of coefficient of viscosity, the
physical quantity that requires greater accuracy in measurement is

a) Pressure difference

(
(b) Volume of the liquid collected
(c) Length of the capillary tube
(d)

d) Inner radius of the capillary tube

Two capillary tubes of the same length but different radii r and r
are fitted in parallel to the bottom of a vessel. The pressure head is
P. What should be the radius of a single tube that can replace the
two tubes so that the rate of flow is same as before

(@ ph+n b) F+rf

© rt+r) (d) None of these

Two capillaries of same length and radii in the ratio 1 : 2 are
connected in series. A liquid flows through them in streamlined
condition. If the pressure across the two extreme ends of the
combination is 1 m of water, the pressure difference across first

capillary is
(@) 94 m (b)
() 049 m (d)

49 m
0.94 m

Water flows in a streamlined manner through a capillary tube of
radius a, the pressure difference being P and the rate of flow Q. If
the radius is reduced to a/2 and the pressure increased to 27, the
rate of flow becomes

@ 4Q (b)

Q
(c) T

A viscous fluid is flowing through a cylindrical tube. The velocity
distribution of the fluid is best represented by the diagram
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(@) (b)

(c) 3

(d) None of these

59.  Water is flowing in a pipe of diameter 4 cm with a velocity 3 m/s.
The water then enters into a tube of diameter 2 cm. The velocity of
[BCECE 2005]

(b) 6 my/s
(d) 8 mys

water in the other pipe is
(@) 3 ms
(c) 12 mss

60. Two capillary of length L and 2L and of radius R and 2R are
connected in series. The net rate of flow of fluid through them will

be (given vrtate of the flow through single capillary,
X = 7PR* /81L) [DCE 2005)
8 9
—X b) =X
@) 9 (b) 3
5 7
=X d) —X
© 3 () 5
61. When a body falls in air, the resistance of air depends to a great

extent on the shape of the body, 3 different shapes are given.
Identify the combination of air resistances which truly represents the
physical situation. (The cross sectional areas are the same).

R R TR
0

w w 1W
) () (?)
1<2«< b <3<1
(@) éisc Ball ®) Cigar s:;iaped
(C) 3<2<1 (d) 3<1<2
62. Water falls from a tap, down the streamline

[Orissa JEE 2005]

(@) Area decreases (b) Area increases

(c) Velocity remains same (d) Area remains same

63. A manometer connected to a closed tap reads 4.5x10° pascal.
When the tap is opened the reading of the manometer falls to

4x10° pascal. Then the velocity of flow of water is

@ 7 ms™* (b) 8 ms™*

() o ms™ (d) 10 ms™*

64. What is the velocity v of a metallic ball of radius r falling in a tank
of liquid at the instant when its acceleration is one-half that of a
freely falling body ? (The densities of metal and of liquid are p and
O respectively, and the viscosity of the liquid is ).

2 2

(@) ;—g(p—zo—) v Lep-0)
n 97
2 2

© -0 @ 29040
n 9

65.

66.

Consider the following equation of Bernouilli’s theorem.

P +%pV2 + pgh = K (constant)

The dimensions of K/P are same as that of which of the following [AFMC 200
(a) Thrust (b) Pressure
(c) Angle (d) Viscosity
An incompressible fluid flows steadily through a cylindrical pipe
which has radius 2r at point A and radius r at B further along the
flow direction. If the velocity at point A is v, its velocity at point Bis
[Kerala PMT 2005]

T Critical Thinking

Objective Questions

A U-tube in which the cross-sectional area of the limb on the left is
one quarter, the limb on the right contains mercury (density 13.6
glem). The level of mercury in the narrow limb is at a distance of
36 cm from the upper end of the tube. What will be the rise in the
level of mercury in the right limb if the left limb is filled to the top

with water

a) 1.2cm

(
(b) 2.35 cm
(c) ol¥&EF,2005]

0.8 cm

)
(d) Mercury

A homogeneous solid cylinder of length L(L<H/2). Cross-
sectional area A /5 is immersed such that it floats with its axis

vertical at the liquid-liquid interface with length L/4 in the denser
liquid as shown in the fig. The lower density liquid is open to
atmosphere having pressure P . Then density D of solid is given by

5
a) —d
(@) 2

4
b)) —d /2
(b) 5 H
(c) d Hp
(d) 9

5

A wooden block, with a coin placed on its top, floats in water as
shown {#eﬁE REL 29%Ince /and A are shown there. After some time

the coin falls into the water. Then

[NT-JEE (Screening) 2002]

=———> Coin

a) /decreases and / increases

(
(b) /increases and / decreases
(

c) BOfErAaRET2MFkase
(d) Both / and A decrease

A vessel contains oil (density = 0.8 gm/cnt) over mercury (density =
13.6 gm/cm). A homogeneous sphere floats with half of its volume
immersed in mercury and the other half in oil. The density of the
material of the sphere in gm/cm is



(@ 33 (b) 6.4
(c) 72 (d) 128

A body floats in a liquid contained in a beaker. The whole system as
shown falls freely under gravity. The upthrust on the body due to
the liquid is

[IT-JEE 1982]

(@) Zero
(b
(

c) Equal to the weight of the body in air

=

Equal to the weight of the liquid displaced

(d) Equal to the weight of the immersed position of the body

A liquid is kept in a cylindrical vessel which is being rotated about a
vertical axis through the centre of the circular base. If the radius of
the vessel is r and angular velocity of rotation is @, then the
difference in the heights of the liquid at the centre of the vessel and
the edge is

@ 2 o Do
Y 2 29

0)2
© 29w @ e

Water is filled in a cylindrical container to a height of 3m. The ratio

of the cross-sectional area of the orifice and the beaker is 0.1. The

square of the speed of the liquid coming out from the orifice is (g =
[NT JEE 2004]

10 my/s)

(a) 50 m/s
(b) 50.5 m/s
(¢) 51 m/s

(d) 52 m/s

A large open tank has two holes in the wall. One is a square hole of
side L at a depth y from the top and the other is a circular hole of
radius R at a depth 4y from the top. When the tank is completely
filled with water the quantities of water flowing out per second
from both the holes are the same. Then Ris equal to

L
a 2L b) —
L
() L (d) 2

A cylinder containing water up to a height of 25 cm has a hole of
R B , o
cross-section — CM in its bottom. It is counterponsed m a

balance. What is the initial change in the balancing weight when
water begins to flow out

a) Increase of 12.5 gm-wt

b

=~

Increase of 6.25 gm-wt

(4

~

Decrease of 12.5 gm-wt

125 cm

(
(
(
(

d) Decrease of 6.25 gm-wt

10.

.

12.

13.
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There are two identical small holes of area of cross-section a on the
opposite sides of a tank containing a liquid of density p. The
difference in height between the holes is A Tank is resting on a
smooth horizontal surface. Horizontal force which will has to be
applied on the tank to keep it in equilibrium is

(@ ghpa
2gh
(b) £gn
pa
() 2pagh
a

Two communicating vessels contain mercury. The diameter of one
vessel is 17 times larger than the diameter of the other. A column of
water of height / is poured into the left vessel. The mercury level
will rise in the right-hand vessel (s = relative density of mercury

and p = density of water) by

Water
Mercury
h h
- H —
©) (n+1)%s @ ns

A uniform rod of density p is placed in a wide tank containing a
liquid of density py(0y > p). The depth of liquid in the tank is

half the length of the rod. The rod is in equilibrium, with its lower
end resting on the bottom of the tank. In this position the rod

makes an angle & with the horizontal
. 1
(a) sing =E,/p0 I p

() sind=4plp (d)
A block of ice floats on a liquid of density 1.2in a beaker then level

b) sing=L Lo
2 p

sind=p, / p

[TpfElgeikarhgrainsopompletely melt

[NT-JEE 1994]
(@) Remains same (b) Rises
() Lowers (d) (@), (b) or (c)
A vessel of area of cross-section A has liquid to a height H. There is
a hole at the bottom of vessel having area of cross-section a. The

time taken to decrease the level from H; to H, will be

@) S\E[\/HT—JH_Z] ®) J2gh
© J2gh(H; —H,) ) SE[JHT—\/H_Z]

QGraphicaI Questions
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A lead shot of 1mm diameter falls through a long column of

glycerine. The variation of its velocity v. with distance covered is 5.
represented by [ANIMS 2003]
\4 v
@) (b)
Distance covered Distance covered
v v
(©) ()
Distance covered Distance covered
2. A small spherical solid ball is dropped from a great height in a
viscous liquid. lts journey in the liquid is best described in the
diagram given below by the [CPMT 1988]
(@) Curve A g
(b) Curve B T;:
() Curve C b g
(d) Curve D 2 (a)

3. The diagram shows a cup of tea seen from above. The teaTlras bgen (5)
stirred and is now rotating without turbulence. A graph showing
the speed v with which the liquid is crossing points at a distance X ©
from O along a radius XO would look like )

(€

14 14 2.
@) (b)
X X 3
v v
c d
’ () K '
X X
4. Water flows through a frictionless duct with a cross-section varying
as shown in fig. Pressure p at points along the axis is represented 5.
by
6.
@)
7.
(©)

From amongst the following curves, which one shows the variation
of the velocity v with time ¢ for a small sized spherical body falling
vertically in a long column of a viscous liquid

v

(b)

Q

R Assertion & Reason

For ATIMS Aspirants

Read the assertion and reason carefully to mark the correct option out of
the options given below:

If both assertion and reason are true and the reason is the correct
explanation of the assertion.

If both assertion and reason are true but reason is not the correct
explanation of the assertion.

If assertion is true but reason is false.

If the assertion and reason both are false.

If assertion is false but reason is true.

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Pascal law is the working principle of a hydraulic

lift.
Pressure is equal to thrust per area.

The blood pressure in humans is greater at the feet
than at the brain.

Pressure of liquid at any point is proportional to
height, density of liquid and acceleration due to
gravity.

Hydrostatic pressure is a vector quantity.

Pressure is force divided by area, and force is a
vector quantity.

To float, a body must displace liquid whose weight is
greater than the actual weight of the body.

The body will experiences no net downward force,
in the case of floating.

A man sitting in a boat which is floating on a pond.
If the man drinks some water from the pond, the
level of the water in the pond decreases.

According to Archimede's principle the weight
displaced by body is equal to the weight of the
body.

A piece of ice floats in water, the level of water
remains unchanged when the ice melts completely.

According to Archimede's principle, the loss in weight of
the body in the liquid is equal to the weight of the liquid
displaced by the immersed part of the body.

The velocity increases, when water flowing in
broader pipe enter a narrow pipe.



20.

21.

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion
Reason
Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

According to equation of continuity, product of
area and velocity is constant.

The velocity of fall of a man jumping with a
parachute first increases and then becomes
constant.

The constant velocity of fall of man is called
terminal velocity.

The velocity of flow of a liquid is smaller when
pressure is larger and viceversa.

According to Bernoulli's theorem, for the stream
line flow of an ideal liquid, the total energy per unit
mass remains constant.

The shape of an automobile is so designed that its
front resembles the stream line pattern of the fluid
through which it moves.

The resistance offered by the fluid is maximum.

The size of the needle of a syninge controls flow
rate better than the thumb pressure exerted by a
doctor while administering an injection.

Flow rate is independent of pressure exerted by the
thumb of the doctor.

A fluid flowing out of a small hole in a vessel apply
a backward thrust on the vessel.

According to equation of continuity, the product of
area and velocity remain constant.

For a floating body to be in stable equilibrium, its
centre of buoyancy must be located above the
centre of gravity.

The torque produced by the weight of the body and
the upthrust will restore body back to its normal
position, after the body is disturbed.

Water flows faster than honey.

The coefficient of viscosity of water is less than
honey.

The viscosity of liquid increases rapidly with rise of
temperature.

Viscosity of a liquid is the property of the liquid by
virtue of which it opposes the relative motion
amongst its different layers.

Aeroplanes are made to run on the runway before
take off, so that they acquire the necessary lift.
According to Bernoulli's theorem, as velocity
increases pressure decreases and viceversa.

Sudden fall of pressure at a place indicates strom.
Air flows from higher pressure to lower pressure.
Machine parts are jammed in winter.

The viscosity of lubricant used in machine parts
increase at low temperature.

A block of wood is floating in a tank containing
water. The apparent weight of the floating block is
equal to zero.

Because the entire weight of the block is supported
by the buoyant force (the upward thrust) due to
water.

A rain drop after falling through some height
attains a constant velocity.

At constant velocity, the viscous drag is just equal
to its weight.

paper pins are made to have pointed end.

Fluid Mechanics 539 [t
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Reason Because pointed pins have very smalll area due to
which even for small applied force it exert large
pressure on the surface.

22. Assertion Railways tracks are laid on small sized wooden
sleepers.

Reason Small sized wooden sleepers are used so that rails
exert more pressure on the railway track. Due to
which rail does not leave the track

23. Assertion It is difficult to stop bleeding from a cut in the
body at high altitudes.

Reason The atmospheric pressure at high altitude is lesser
than the blood pressure.

24. Assertion To empty an oil tank, two holes are made.

Reason Oil will come out two holes so it will emptied
faster.

25. Assertion Terminal velocity is same as the critical velocity.

Reason The constant velocity of fall of a body through a
viscous fluid is called terminal velocity.

26. Assertion When two boats sails parallel in the same direction
and close to each other, they are pulled towards
each other.

Reason The viscous drag on a spherical body moving with
speed vis proportional to v.

27. Assertion Cars and aeroplanes are streamlined.

Reason This is done to reduce the backward drag due to
atmosphere.

28. Assertion Bernoulli's theorem holds for incompressible, non-
viscous fluids.

VZ
Reason The factor 2 is called velocity head.
Pressure and Density

1 b 2 c 3 b 4 b 5 c
6 b 7 c 8 b 9 d 10 c
11 c 12 c 13 a 14 d 15 a
16 b 17 a 18 b 19 d 20 b
21 c 22 a 23 b 24 b 25 b
26 b 27 d 28 a 29 c 30 c
31 d

Pascal's Law and Archmidies Principle
1 c 2 a 3 c 4 c 5 b
6 d 7 a 8 b 9 be 10 c
11 c 12 d 13 a 14 b 15 b
16 d 17 a 18 a 19 b 20 b
21 c 22 c 23 b 24 b 25 b
26 d 27 a
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542 Fluid Mechanics
S Answers and Solutions

Pressure and Density

1. (b) Pressure at bottom of the lake = P, + hpg

Pressure at half the depth of alake = P, + % ~
According to given condition

1 2 1 1
P +=hpg==(P, +hpg) = =P, ==h
o+ N 3(0 09) 3o =g hm

5
= hzzﬁ:—zzlo =20m.
£, 10°x10

2, (c) Apparent weight =V(p-o0)g = m (p—0)g
Yol

where m = mass of the body,
p = density of the body

o = density of water

If two bodies are in equilibrium then their apparent
weight must be equal.

m m
o —(p —0)=—2(p, —0)
1 P2

36 48
= 20-D=""(p, -1
9 P2

By solving we get p, =3.
3. (b) According to Boyle's law, pressure and volume are

inversely proportional to each other i.e. P o %

= RV, =RV, PV
= (R +hp, VL =RV, T - Sl
h h-

=V, = (1 +p—Wngl l

Po O

, (A7)

0V, = 1+47.6><10 x1x1000 v,

70x13.6 x1000

=V, =(1+5)50cm® = 300cm>.
[As P, =P, =70cm of Hg =70x13.6 x1000]
4. (b) Force acting on the base
F=PxA=hdgA =0.4x900x10x2x107% =7.2N

5. (c) As the both points are at the surface of liquid and
these points are in the open atmosphere. So both
point possess similar pressure and equal to 1 atm.
Hence the pressure difference will be zero.

6. (b) Difference of pressure between sea level and the top of
hill

AP =ty —hy)x pyg xg =(75-50)x107 x pg xg ...(0)

10.

11.

12,

13.

14.

15.

(©

(b)

(d)

and pressure difference due to h meter of air
AP=hx p, %0 ...(i1)
By equating (i) and (ii) we get

hx p,irxg =(75-50)x107? X P X0

~h=25 xlo-z(ﬂj =25%x1072x10* = 2500m
Pair

.. Height of the hill = 2.5 km.

. M
Volume of ice = — , volume of water = M .
P o

.. Change in volume = M_M_ {i - lj
p O p O
If two liquid of equal masses and different densities
are mixed together then density of mixture
_2pp,  2x1x2 4

PL+ P 1+2 3
Let M =mass of body in vacuum.

Apparent weight of the body in air = Apparent weight
of standard weights in air
= Actual weight — upthrust due to displaced air

= Actual weight — upthrust due to displaced air

g ]
= Mog—[%Jdg = Mg—(dﬂjdg =M, = ——24

G
dy

(¢) P=hpg i.e. pressure does not depend upon the area

of bottom surface.

(© PV, =P,V,= (P, + hpg &3 = p xd oy
1v1 2V2 0 3 0 3

Where, h = depth of lake

= heg =7Py= h=7x 1 _ 74,
e

(© PV, =PV, = (P, +hpg)V = Py x3V

2x75x13.6x g

= hpg=2P, = h= =15m
13.6 <g
10
(@) h= P S he 1 (P and p are constant)
~9 g

(d)

(a)

If value of g decreased by 2% then h will increase by
2%.

h P = h ocl. If lift moves upward with some

acceleration then effective g increases. So the value of
h decreases 1.e. reading will be less than 76 cm.

"B~ Z .
Due to aeceleration—towaras’right, there will be a

pseudo force in a left direction. So the pressure will




16.

17.

18.

19.

20.

21.

22,

23.

be more on rear side (Points A and B) in comparison
with front side (Point D and C).

Also due to height of liquid column pressure will be
more at the bottom (points B and C) in comparison
with top (point A and D).

So overall maximum pressure will be at point B and
minimum pressure will be at point D.

(b) Total pressure at (near) bottom of the liquid
P=PR,+hpgy
As air is continuously pumped out from jar
(container), P, decreases and hence P decreases.

™

(a) cos60° = %

__h _76
cos60° 1/2
o 1=152cm

(b) Pressure at the bottom = hpg
and pressure on the vertical surface = %h 00

Now, according to problem
Force at the bottom = Force on the vertical surface

= hpgx;ﬂz:%hpngm’h =>h=r

D
=] . b
S Em 10Ccm -
SE| 10—
A

\_ /)
Mercury

At the condition of equilibrium

Pressure at point A = Pressure at point B

Py =Py = 10x1.3xg=hx0.8xg+(10—h)x13.6xg
By solving we get h = 9.7 cm

(b) Thrust on lamina = pressure at centroid x Area

- hﬁxAz%Apgh.

3
Total mass 2m 2m
() p= = =
Total volume ~ V, +V, m[ 1 1 J
PL P2
_ 2p1P;
Pt P
@ p- Totalmess _m,+m, V(o +p,)  p+p,
» Total volume 2V 2V 2

(b) Bulk modulus, B = -V, Ap = AV =-V, Ap
AV B

= V:VO[ —%p}

ocean

24.

25.

26.

27.

28.
29,

30.
31.
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AapTH A
.. Density, p = po[l __p} = po[l + _p}
B B
where, Ap =p—p, =hpeg

= pressure difference between depth and surface of

p:po[l+p0?gy} (Ash=y)

(b) Since, with increase in temperature, volume of given
body increases, while mass remains constant so that
density will decrease.

p MmNV v,

ie. = =—=—————=(1-yA0)
Lo MmNy V. Vy(d+rAH)
Lo p=pol—yA0)
m; +m, +my; V(d+2d+3d)
= = =2d.
®) P 3V 3V
3m 3m 3x6 18
® pu= v ST w1 9711
1+ Vo +Vg T
d 2d 3d

(d) Pressure = hpg ie. pressure at the bottom is
independent of the area of the bottom of the tank. It
depends on the height of water upto which the tank is
filled with water. As in both the tanks, the levels of
water are the same, pressure at the bottom is also the
same.

(@)

(c) A torque is acting on the wall of the dam trying to
make it topple. The bottom is made very broad so
that the dam will be stable.

(©)
@

Pascal's Law and Archmidies Principle

(c) Let the total volume of ice-berg is V and its density is
p. If this ice-berg floats in water with volume Vi

inside it then V.00 = Vpog = V,, = (ﬁj Vv
c

Or Voy =V =Viy =(%”jv

Vo _[O'—pj_ 1000-900 1

v = 1000 10

Y/

(o]

w =10% of V

mass
——=—"=0.2m3
density 600

Let x weight that can be put on the log of wood.
So weight of the body = (120 + x)x10 N

(a) Volume of log of wood V =

Weight of displaced liquid = Vog =0.2x10% x10 N

The body will just sink in liquid if the weight of the
body will be equal to the weight of displaced liquid.
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3. (o
4. (o
5. (b)
6.
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5 (120+x)x10 =0.2x10° x10
=120+x =200 .. x=80kg
Weight of the bowl = mg

- 31(3 3]s

where D = Outer diameter ,
d = Inner diameter
p = Density of bowl

Weight of the liquid displaced by the bowl

2
where o is the density of the liquid.

3 3 3
. 4 (D 4 |(D d
For the flotation — 7| — A2 (2
or the flotation 372’(2]0‘9 sﬁl:(zJ [2) 1pg
3 3 3
= 1 x1.2x10% = (4 2x10%
2 2 2

By solving we get d = 0.98 m.

3
=Voy =%H(E] g

Specific gravity of alloy = Dens_lty—m”w
Densityofwater
Mass of alloy

~ Volune of alloyx densityofwater

o my+m, _ m, +m, _mi+m,
m m m m

my My X Py 14 2 1,2
P P Pilpy Palpy S S

{Asspeciﬁ cgravityof substance= densityof substance }

densityofwater

Let specific gravities of concrete and saw dust are p;
and p, respectively.

According to principle of floatation weight of whole
sphere = upthrust on the sphere

%H(W -r’)pig +%ﬂr3ng = %ﬂR3 x1xg

= R’p —r’p +1r°p, =R

R? -
= R(o-D=r'(p-p) = — = 2L2
r -1
R -r3 —p,—p +1
N 3" _PT PPt
r -1
L R-r)p [1—,02}&
' =
rp, ,=1)p,
Mass of concrete  (1-0.3 xﬁ—4
Massofsawdust \2.4-1) 0.3

(d) Apparent weight

=V(p-0)g =Ixbxhx(B-1)xg
=5x5x5x4xg Dyne= 4x5x5x5 gf.

10.

11.

17.

18.

(@)

(b)

Fraction of volume immersed in the liquid V;, = (ﬁjv
o

l.e. it depends upon the densities of the block and
liquid.

So there will be no change in it if system moves
upward or downward with constant velocity or some
acceleration.

Apparent weight = V(p - o)g = M(p -o)g
0

P
= 1.94 Kg-wt

o 0.8
=M|1-—1|g=211-——1|g=1.94g N
( ]g ( 10.5)9 g

(b, ¢) Density of metal = p, Density of liquid = o

(©

(c)

@
(a)

(b)
(b)

(d

(@)

(a)

If V is the volume of sample then according to
problem

210=Vpg (1)
180 = V(p—1)g ..(i1)
120=V(p-o)g ...(iii)

By solving (i), (ii) and (iii) weget p=7 and c =3.
If two different bodies A and B are floating in the
Pa_(Gi)a 1712 _3

pg (e 2/3 4
d,

For the floatation Vydyg=V;, dg = V,,=V, i

same liquid then

d d-d
E Vout:VO_Vin:VO_VOFO:V0|: d O}

Apparent weight = V(p — o)g
= 5x5x5( -1)g = 6x5x5x5 gf

Effective weight W'=m(g—a) which is less than
actual weight mg, so the length of spring decreases.
Tension in spring T = upthrust — weight of sphere
=Vog -Vpg =Vnpg -Vog  (Aso =1p)
=(-1)Vpg = (7 -1)mg.
When body (sphere) is half immersed, then
upthrust = weight of sphere
_Pig

2
When body (sphere) is fully immersed then,
Upthrust = wt. of sphere + wt. of water poured in sphere
= Vxpgxg=Vxpxg+V'xp;axg

v )
DExpliqxg:prxg Sop

V X piig

\Y
+V')p)jg=> V'=—
Plig 2

Since no change in volume of displaced water takes
place, hence level of water remains same.

= Vxpig=



19.

20.

21.
22,

23.

24.
25.
26.
27,

(b) The velocity of ball before entering the water surface

(b)

@]
@]

(b)

(b)
(b)
(d
(a)

(d)

(a)

(c)

(@

(@

v =.2gh=,2gx9
When ball enters into water, due to upthrust of water

the velocity of ball decreases (or retarded)

The retardation, a = apparent weight

mass ofball
=V(p-o)g (p-o _[o.4-1j _ 3
Vp P g 0a ) 97739

If h be the depth upto which ball sink, then,
0-v2= 2x[—%gjxh:> 2gx9=3gh.. h=6cm.

Upthrust = weight of body

FOI‘A,V—ZAxprg:VAXprgsz=%

For B, %VBXP\N xg:VBxprg:pB:%p\N

(Since 1/4 of volume of B is above the water surface)
Pa_ Pul2 2

Cps 3hpy 3

Since, up thrust (F) = Vog ie. FocV

Vpg = %ag SLop= % (o = density of water)

Fluid Flow

For streamline flow, Reynold's number Ng oc L
should be less. For less value of Ny, radius and
density should be small and viscosity should be high.
d,=2cmanddg =4cm .. ry,=1cm and r; =2 cm
From equation of continuity, av = constant
2 2

Va8 —”(rB)Z = (E] =V, =4V,

Vg ap  7(ra) 1

If the liquid is incompressible then mass of liquid
entering through left end, should be equal to mass of
liquid coming out from the right end.

~M=m+m, = Ay, =Av,+15A.v
= Ax3=Ax15+15A.v=v=1m/s

This happens in accordance with equation of
continuity and this equation was derived on the
principle of conservation of mass and it is true in
every case, either tube remain horizontal or vertical.
av, =a,v;

= 4.20x5.18 =7.60xV, =V, =2.86 m /s

®

10.

11.

12,

13.

(@)
@

(b)

(@)

(©

)
(@)

()
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2 2

Velocity head h = Vo6 1.25m
2g 2x10

As cross-section areas of both the tubes A and C are

same and tube is horizontal. Hence according to

equation of continuity v, =v. and therefore
according to Bernoulli's theorem P, = P.1i.e. height
of liquid is same in both the tubes A and C.
Bernoulli's theorem for unit mass of liquid
P 1
— +=v? = constant
p 2
As the liquid starts flowing, it pressure energy
decreases

P, —
1 v2 =1 P,
2 P 2

1, 35x10°-3x10° )
= =V~ = 103 =V

_ 2x0.5x10°
10°
From the Bernoulli's theorem

=v2=100=>v=10m/s

P—P,= %p(vg —VZ) = %xl.S x[(120) - (90)?]

= 4095 N /m? or Pascal
Time taken for the level to fall from H to H'

t_AAOE[m_m

According to problem- the time taken for the level to

A |2 h
4]

fall from h to 2 t, = —
and similarly time taken for the level to fall from

A Vg
h
2
tzzi\ﬂﬁ_o}
Ay Ng V2

to Zero

v=,2gh=+2x10%x20 =20m/s

Pressure at the bottom of tank P =hpg =3x10° iz
m

Pressure due to liquid column
P = 3x10° —1x10° =2x10°
and velocity of water v =,/2gh

/2PI
sv= —L =
el

Time required to emptied the tank t = AA ’Z—H
g

0
t H [4h
2= 2= =2 ot =2t
t, H, h

5
—2 x 120><310 = JM m/s



14.

15.

16.
17.

18.

19.

(a)

(d)

(b)
(b)

(c)

(c)
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The height of water in the tank becomes maximum
when the volume of water flowing into the tank per
second becomes equal to the volume flowing out per
second.

Volume of water flowing out per second

=Av = A\/2gh .1
Volume of water flowing in per second
=70cm®/sec ...(i1)

From (i) and (ii) we get

A{2gh =70 = 1x,/2gh =70

=1x+4/2x980xh =70
h_4900 B

1960
A=(0.1)> =0.01m?,
7=0.01 Poise=0.001 decapoise (M.K.S. unit),

2.5¢cm.

dv=o0.1m/sand F=0.002 N

dv
F=nA—
& dx
oy = nAdv _ 0.001x0.01x0.1 —0.0005m .
F 0.002
F=6znrv

In the first 100 m body starts from rest and its
velocity goes on increasing and after 100 m it acquire
maximum velocity (terminal velocity). Further, air
friction i.e. viscous force which is proportional to
velocity is low in the beginning and maximum at
V=V

Hence work done against air friction in the first 100
m is less than the work done in next 100 m.

If two drops of same radius r coalesce then radius of
new drop is given by R

AR A A RO 2P S R 23

3 3 3

If drop of radius r is falling in viscous medium then it

acquire a critical velocity v and v o r?

2
v, 52_ o113,
A r r

= v, =228 %y, =22 x(5)=5x(4)'*m/s

Velocity of ball when it strikes the water surface

v =,2gh ..
Terminal velocity of ball inside the water
v =grzg—(p_1) (i)

9 n

2
Equating (i) and (ii) we get ,/2gh = éﬂ (p-1)
n

2
(e

= =
81 n

20.

21.

22,

23.
24.
25.
26.

27.

28.

29.

30.

31.
32.
33

34.

35-

37.

(b)

(d)

(b)

(a)
@
(©)
(a)

(a)
®)
(a)
(a)
(a)
(®)
(©)

(a)

(b)

Rate of flow of liquid V = %

where liquid resistance R = 8—’1'
ar
For another tube liquid resistance

=8 _87 15 16r

(r4 7ZI’4.
7l —
2

For the series combination
P P _ L V
N T R+R R+16R 17R
ar vl

= P=
7l r

4 4
L SV (L IV [
P Vi L \n 2 4

P P
= PZ Zlez.

17

From V =

_zPr* _8cm®

87l sec
For composite tube

Par® _2Pr' 2 o 16cm®
877(“%) 3851 3 3 sec

I
[ lL=1=2l,orl, :E}

\

V, =

If velocities of water at entry and exit points are v:
and v, then according to equation of continuity,

RS

% A
A1V1 = A2V2 = V_l = TZ
2 1

According to Bernoulli's theorem.

2

V—:h:>v:,/29h

29

—2x10% x40 =242 x10? = 282.8 cm/s

(a,d)
(a,c,d) According to equation of continuity the volume of

liquid flowing through the tube in unit time remains
constant i.e. Av; = A,v,, hence option (a) is correct

According to Bernoulli's theorem,



38.

39.

40.
41.
42.

43.

44.

45.

P +—= =P, +—
1 2/0"1 2 2/0‘/2

plv2 -v2)

1 1
= P -P, =Ep(\l§ —vf):> hpg =3

. v3—vZ =2gh
Hence option (c) is correct.

Also, according to Bernoulli's theorem option (d) is
correct

Ps=1.0 atm
vA

According to Bernoulli's theorem,
Py +hpg = PA+%pVi (Asv, >>Vg)
3.10P +53x660x10 =P +%x66OV,§
= 2.1x1.01x10° +3.498 x10° = %xeeo xVv3i

= 5.619x10° = %XGGOxVi

2x5.619 x10°

= =41m/s
A 660 41m/.

2

(b) According to Bernoulli's theorem, h = \2/—

g
2

= & =0.314=31.4cm

2x10

.. Height of jet coming from orifice
= 31.4-10.6 =20.8 cm

(a)
(a)

(c) Time taken by water to reach the bottom

e [2(H - D)
g

and velocity of water coming out of hole, v = ,/2gD

.. Horizontal distance covered x =vxt
= /29D x 2(H-D) =2 /D(H -D)
g

90

|\>|I

(b) Horizontal range will be maximum when h =

=45 cm 1.e. hole 3.

(b) Time taken to be emptied for h height, t = 2h

g
and for 2 height, t'= ’Zh/ \/7

t 1
L—=—=t'= —7m|nute
t V2 J’ J’

(d) Upthrust — weight of body = apparent weight

=[5

46.

47.
48.
49.
50.
51.

52.
53.
54.
55-

56.

57.

58.
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oz ( D-d j g
d
The velocity gained after fall from h height in air,

2gh

Hence, time to come in rest,

VDg-Vdg=Vda

Where a = retardation of body ..

v 29h><d h

“a (D-dg Vg

@ =2 2l -]

Now, T, =§\/§{\/ﬁ—\/§}
and T, =§\/§N§—\/5:|

According to problem T, =T,

.-,\/ﬁ—\/gz\/g—ozh/ﬁzz\/g:m:4

(D d)

)
)
(a)
(a)
(a)
d
()
@
@ V=V, +V,

Pt art  aPrt
T r2:r“:rl“+r24
87l 87l 87l

=0 )t

(d) Given, |, =1, =1,and h_
h

4 4 4
UM e 3i:r_2 =16
8l 87l P,

= P, =16P,

Since both tubes are connected in series, hence
pressure difference across combination,

P=P +P,=>1= Pl+i = Pl—16 =0.94m
16 17
d v= ﬂgrl ~“VaPr* (pand! are constants)
n

4 4
Ve (B} Co (i) R
v, (P )lr 2) 87?8

()
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2
Vo _ & n
. (© av,=ay,>-2="1=|1
59. (0 av, =a, v, a, (rzj
=V, =3x(2?=12m/s
60. (a) Fluid resistance is given by R = 8—2‘
ar
When two capillary tubes of same size are joined in
parallel, then equivalent fluid resistance is
87l 8nyx2L (sql_) 9
R, =R, +R, = 2= [, 2
R N ) MR, S
Equivalent resistance becomes % times so rate of
. 8
flow will be 5 X
61. (c) A stream lined body has less resistance due to air.
62. (a)
_ 2 5 5 2
63. (@ P YV 450 40T VL omys
29 29 10° xg 2
64. (o)
65. (¢
66. (d)
Critical Thinking Questions
1. (c) Ifthe rise of level in the right limb be x cm. the fall of
level of mercury in left limb be 4x cm because the
area of cross section of right limb is 4 times as that of
left limb.
.. Level of water in left limb is (36 + 4x) cm.
A—F4 B A—= a
A .
Now equating pressure at interface of Hg and water (at A’
B)
(36 +4x)x1xg=5xx13.6xg
By solving we get x = 0.56 cm.
2. (a) Weight of cylinder = upthrust due to both liquids
VxDxg= A><§L xdxg+ A><L x2d xg
5 4 5 4
= AxL xng:LXng:EZE D:Ed
5 4 5 4 4
3. (d) As the block moves up with the fall of coin, [ decreases,
similarly h will also decrease because when the coin is
in water, it displaces water equal to its own volume
only.
4. (o

(@)

(b)

(a)

(b)

As the sphere floats in the liquid. Therefore its weight
will be equal to the upthrust force on it

Weight of sphere

:%ﬂRapg 6

Upthrust due to oil and mercury

...(i1)

2 2
:EﬂRs XUoi|9+§”R30Hg9

Equating (i) and (ii)

4 3 2
2R £
3 A 3
=2p=08+13.6=144=p=7.2
Upthrust = Vpjq,4(9 —@)

ZR%0.8g + %;:R3 x13.69

where, a = downward acceleration,
V = volume of liquid displaced

But for free fall a =g .. Upthrust =0
From Bernoulli's theorem,

Py +%dvf\ +dgh, =P; +%dv§ +dghg

Here, h, =hg

1., 1.,
SoPy+=dvy =Py +=dv
A 2 A B 2 B

= Pp - Py =2 d[v} - V3]

NOW9 VA = 01 VB =lrw and PA — PB = hdg

riom?

29

. hdg :%drzwz or h=

Let A = cross-section of tank

a = cross-section hole

V = velocity with which level decreases
v = velocity of efflux

B
ﬁv
-I_52.5 cm

From equation of continuity av=AV =V = a—;

By using Bernoulli's theorem for energy per unit
volume

Energy per unit volume at point A
= Energy per unit volume at point B

P+pgh+%pV2:P+O+%pV2

2o 2gh - 2><10><(3—(§.525) _ 50(misec)?
(aj 1-(0.1)
1-| £
A
Velocity of efflux when the hole is at depth A,

v =,/2gh



10.

11.

@]

()

(d)

Rate of flow of water from square hole

Q =ayv, = L*y2gy
Rate of flow of water from circular hole
Q, =a,Vv, = 7R?/2g(4y)
According to problem Q, =Q,

2 2 L
= L1220y = R%20(dy) = R_ﬂ
Let A = The area of cross section of the hole
v = Initial velocity of efflux
d = Density of water,
Initial volume of water flowing out per second = Av
Initial mass of water flowing out per second = Avd
Rate of change of momentum = Adv?

Initial downward force on the flowing out water =
Adv?

So equal amount of reaction acts upwards on the

cylinder.
[As v=42gh]
.. Initial decrease in weight = Ad(2gh)

. Initial upward reaction = Adv

— 2Adgh =2 x(%]ux 980 x 25 =12.5 gm-wt.

—> UB
Net force (reaction) = F=F; —F, = dﬁ — dﬂ
dt dt
=aVg P XVg —aVap XV,
F=aplv -v}) )

According to Bernoulli's theorem

1 1
Pa+5 AVa+ PO =Pg +5 oG +0

= %p(vé —vf\): pgh= vi —v3i =2gh

From equation (i), F = 2apgh.

If the level in narrow tube goes down by h; then in
wider tube goes up to ha,

Now, zr’h, = z(nr)*h, = h, =n?h,
Now, pressure at point A = pressure at point B
hpg =(h, +hy)p'g

12,

13.

14.

(@)

(b)

(a)

(a)
)
()

(a)

(d

(b)
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=h=(’h, +hy)sg |Ass=2| = h,=—— h
P n° +1)s
Let L = PQ = length of rod
L
S SP=SQ=—
Q 2
Weight of rod, W = Algg , acting 0
At point S
And force of buoyancy,
F, = Alp,g, [l = PR]

which acts at mid-point of PR.
For rotational equilibrium, =

Alpyg x%cos@ = ALpg x %cos&

From figure, SiﬂG:E:L:l Po
I 21 2\ p

The volume of liquid displaced by floating ice
M

Vp =—
oL

Volume of water formed by melting ice, Vg = M
Ow

If o, > oy, then, M < M ie. Vp <Vg

oL Ow
i.e. volume of liquid displaced by floating ice will be
lesser than water formed and so the level if liquid will
rise.

Graphical Questions

When we move from centre to circumference, the
velocity of liquid goes on decreasing and finally
becomes zero.

When cross-section of duct is decreased, the velocity
of water increased and in accordance with Bernoulli’s
theorem, the pressure P decreased at that place.

Assertion and Reason

According to Pascal's law, if gravity effect is
neglected, the pressure at every point of liquid in
equilibrium of rest is same.

F
Load
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2 (a)
3 (o)
4 (0
5 (e)
6 (a)
7 (@
8 (b)
9 (a)
10 (¢)

. R _F a
P=Pie.—t=—20orF,==2F
8 &

Asa,>a .. F,>F

This shows that small force (F:) applied on the
smaller piston (of area a:) will be appearing as a very
large force on the larger piston.

Height of the blood column in the human body is
more at feet than at the brain. AsP =hpg, therefore

the blood exerts more pressure at the feet than at the
brain.
Since due to applied force on liquid, the pressure is
transmitted equally in all directions inside the liquid.
That is why there is no fixed direction for the pressure
due to liquid. Hence hydrostatic pressure is a scalar
quantity.
Net force = actual weight — upthrust force

= Actual weight — Weight of liquid displaced.
The body will rise above the surface of liquid to such
an extent that the weight of the liquid displaced by
the immersed part of the body (i.e. upward thrust)
becomes equal to the weight of the body. Thus the
body will float when upward thrust is more than its
actual weight. In this special case the density of solid
body is less than the density of liquid.

The level of water does not change. The reason is that
on drinking the water (say m gm), the weight of man
increases by m gm and hence water displaced by man
increases by m gm, tending to raise the level.
However, this much amount of water has already
been consumed by the man. Therefore the level of
pond remain same.

In a stream line flow of a liquid, according to
equation of continuity av = constant.

Where a is the area of cross section and v is the
velocity of liquid flow. When water flowing in a
broader pipe enters a narrow pipe, the area of cross-
section of water decreases therefore the velocity of
water increases.

As a man jumps-out from a height in air with a
parachute, its velocity increases first, because the
gravity pull dominates the viscous drag and buoyancy
of air which opposes the motion. As the velocity
increases, the viscous drag of air also increases and
soon a stage is reached where viscous drag and
buoyancy of air balances the gravity pull. Then the
man with a parachute falls with a constant velocity,
called terminal velocity.

According to Bernoulli's theorem, P +% wZ=a

constant

i.e. when velocity is large, the pressure is less in a
stream line flow of an ideal liquid through a
horizontal tube.

When a body moves through a fluid, its motion is
opposed by the force of fluid friction, which increases
with the speed of the body. When cars and planes
move through air, their motion is opposed by the air
friction, which in turn, depend upon the shape of the
body. It is due to this reason that the cars or planes are

11

12

13

14
15

16

17

18

19

(©

(@)

(@)

(@
(e

(a)

(a)

(a)

(a)

20 (a)

21

(@)

force
22 (d)

23 (a)
24 (c)

given such shape (known as stream lined shaped) so
that air friction is minimum. Rather the movement of
air layers on the upper and lower side of stream line
shape provides a lift which helps in increasing the
speed of the car.

According to Bernoulli's equation,

L hg +%v2 = constant

Thus, total energy of the injectable medicine depends
upon second power of the velocity and first power of
the pressure. It implies that total energy of the
injectable medicine has greater dependence on its
velocity. Therefore, a doctor adjust the flow of the
medicine with the help of the size of the needle of the
syringe a,v; = a,V,) rather than the thumb pressure.

Due to small area of cross-section of the hole, fluid flows
out of the vessel with a large speed and thus the fluid
possesses a large linear momentum. As no external
forces acts on the system, in order to conserve linear
momentum, the vessel acquires a velocity in backward
direction or in other words a backward thrust results on
the vessel.

The stability of a floating body depends on the relative
position of centre of gravity of a body, through which
its weight acts and centre of gravity of the displaced
water called centre of buoyancy through which the
upthrust act.

The viscosity of liquid decreases rapidly with rise of
temperature. The variation of viscosity of liquid with

temperature is given by 7, = 77, (1 + ot + A&?)
Where 7, and 7, are the coefficient of viscosities at

t°C and 0°Crespectively and « and S are constant.
According to Bernoulli's theorem, when wind velocity
over the wings is larger than the wind velocity under
the wings, pressure of wind over the wings becomes
less than the pressure of wind under the wing's. This
provides the necessary lift to the aeroplane.

Viscosities of fluids are markedly dependent on
temperature, increasing for gases and decreasing for
liquids as the temperature is increased. Thus
important consideration in the design of oils for
engine lubrication is to reduce the temperature
variation of viscosity as much as possible.

When a body falls through a viscous medium, finally,
it attains terminal velocity. At this velocity, viscous
force on rain drop balances the weight of the body.

Smaller the area, larger the pressure exerted by a

Railways tracks are laided on large sized wooden
sleepers. Due to large sized sleepers the weight of rail
act on the large area. Hence, the pressure exerted is
reduced appreciably.

When two holes are made in the tin, air keeps on
entering through the other hole. Due to this the
pressure inside the tin does not become less than
atmospheric pressure which happen only one hole is
made.
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25 (e)

26 (b)
27 (a)
28 (b)

Terminal velocity and critical velocity are not same.
Critical velocity is the velocity below which the flow of
liquid is streamline.
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with oil of density 0.85 g/cm. The pressure at the bottom of the
tank, due to these liquids is

(@) 1.85 glem
(c) 4625 glem

(b) 89.25 g/lcm
(d) 500 glcm
Two substances of densities p; and P, are mixed in equal volume

and the relative density of mixture is 4. When they are mixed in
equal masses, the relative density of the mixture is 3. The values of

p, and p, are
@ p=6and p=2 (b

(d) None of these

pL =3and p, =5

() pp=12 and p, =4

A wooden block of volume 1000 cr7 is suspended from a spring
balance. 1t weighs 12 Nin air. It is suspended in water such that half of
the block is below the surface of water. The reading of the spring

balance is
(@ 1N (b) 9N
) 8N d) 7N

Two different liquids are flowing in two tubes of equal radius. The
ratio of coefficients of viscosity of liquids is 52:49 and the ratio of
their densities is 13:1, then the ratio of their critical velocities will be

(@) 4:49 (b) 49:4

(€) 2:7 d 7:2

Two capillary tubes of same radius rbut of lengths /and / are fitted
in parallel to the bottom of a vessel. The pressure head is P What

should be the length of a single tube that can replace the two tubes
so that the rate of flow is same as before

1 1
@ I +1, (b) |—+|—
1 b
11 1
© @
1+, L +1,

A capillary tube is attached horizontally to a constant head
arrangement. If the radius of the capillary tube is increased by 10%
then the rate of flow of liquid will change nearly by

(b) + 46%
(d) - 40%

(a) +10%
() —10%

Two stretched membranes of area 2 cm and 3 cm are placed in a liquid
at the same depth. The ratio of pressures on them is

(@ 1:1 (b) 2:3

() 3:2 (d) 2:3

Three identical vessels are filled to the same height with three
different liquids A, Band C(p, > pPg > pc)- The pressure at the
base will be

(@) Equal in all vessels (b) Maximum in vessel A

(¢) Maximum in vessel B (d) Maximum in vessel C

Fluid Mechanics 551
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O.

I'hree 1dentical vessels are filled with equal masses of three different
liquids A, B and C (pn > Pg > Pc)- The pressure at the base
will be

(@) Equal in all vessels (b) Maximum in vessel A

() Maximum in vessel B (d) Maximum in vessel C

A piston of cross-section area 100 cr7 is used in a hydraulic press to
exert a force of 10° dynes on the water. The cross-sectional area of

the other piston which supports an object having a mass 2000 kg. is
(@) 100 cm (b) 10cm
() 2x10cm (d) 2x10cm

A cubical block of wood 10 cm on a side floats at the interface
between oil and water with its lower surface horizontal and 4 cm
below the interface. The density of oil is 0.6gCm ™. The mass of
block is

(a) 706 g
(b) 607 g
(c) 760 g
(d) 670 ¢

A spherical ball of radius r and relative density 0.5 is floating in
equilibrium in water with half of it immersed in water. The work
done in pushing the ball down so that whole of it is just immersed
in water is : (where p is the density of water)

5 4

— b) 0.5
(@) 2 9 (b) org

4 3 2 4

—ar d =
(c) 3 9 (d) 3 ~9

If W be the weight of a body of density p in vacuum then its
apparent weight in air of density o is

-~ (b) W(ﬂ_ )
o c

© Y, ) w[l—EJ
P

Which of the following is not the characteristic of turbulent flow
a) Velocity more than the critical velocity
b) Velocity less than the critical velocity

c) Irregular flow

(
(
(c)
(d) Molecules crossing from one layer to another
Water coming out of the mouth of a tap and
falling vertically in streamline flow forms a
tapering column, ie, the area of cross-section

of the liquid column decreases as it moves
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down. Which of the following is the most accurate explanation for 17.

this

(@) As the water moves down, its speed increases and hence its

pressure decreases. It is then compressed by the atmosphere

(b) Falling water tries to reach a terminal velocity and hence
reduces the area of cross-section to balance upward and
downward forces

(c) The mass of water flowing past any cross-section must remain
constant. Also, water is almost incompressible. Hence, the rate
of volume flow must remain constant. As this is equal to

velocity x area, the area decreases as velocity increases 18.

(d) The surface tension causes the exposed surface area of the
liquid to decrease continuously

16. To get the maximum flight, a ball must be thrown as
=
@) O b Q_, »
© Q_, p

(d) Any of (a), (b) and (c)

A tank is filled upto a height A with a liquid and is placed on a
platform of height 4 from the ground. To get maximum range X,

a small hole is punched at a distance of y from the free surface of
the liquid. Then

(@ X, =2h

(€ y=h

T
b) X,=15n |
1
h
(d) y=0.75h \

€= x, —>
The relative velocity of two consecutive layers is 8 cm/s. If the

perpendicular distance between the layers is 0.1 cm, then the velocity
gradient will be

(a) 8sec
(c) 0.8 sec

(b) 80 sec
(d) 0.08 sec

Under a constant pressure head, the rate of flow of liquid through a
capillary tube is V. If the length of the capillary is doubled and the
diameter of the bore is halved, the rate of flow would become

@ Via (b) 16V
() VI8 (d) Vv/32

g Answers and Solutions

g 2,
cm?

1 (c) Pressure at the bottom P =(h,d; +h,d,)

=[250 x1 + 250 x 0.85] = 250 [1.85]i2
cm

—462.5-9
cm?

(SET-11)

(@) When substances are mixed in equal volume then density

_PLtP

> =4 =>p +p,=8 .. (i)
When substances are mixed in equal masses then density
2
__4P1P2 -3
P1t P2



= 2p1p; =3(p1 + P2)

By solving (i) and (ii) we get p; =6 and p, =2.
(d) Reading of the spring balance

= Apparent weight of the block

= Actual weight — upthrust

=12 -V;,00

=12-500x10"° x10% x10 =12-5 =7N.

(@) Critical velocity V= Ng i/

Lvi_mo e 52 1 4

X — = .
py 49 13 49

Vo 1
(c) For parallel combination :i i
Reff Rl R2
at at oat 11 1 L1,
- = + > —=—+— | =
8yl  8nl, 87l [ PR S I+,
Part v r, )
(b) V= - 2 _|2
87l \'A r
110)*
=V, =V,| = | =Vv,1.1)* =1.4641V
REEC
ﬂ: Vv, -V, 21.4641V—V _046 or 46%.
V V V

(@) Pressure is independent of area of cross section

(b) Pocp

F mg
P=—=—=2
@ A A
7 3 3
€ P =P,= R _ P 102 _ 2000x10° x10
A A, 10 A,

. A, =2x10*cm? (9 =980 ~10%cm/s?)

() Weight of block

= Weight of displaced oil + Weight of displaced water

= mg =Vip,9+ Vo009

= m=(10x10x6)x0.6+(10x10x4)x1=760 gm.
@
(d) Apparent weight in air = W — upthrust = Vpg —Vog

gl

b)

b)

o

(
(
(
(

a,.c) Velocity of liquid through orifice, V=+/20y

and time taken by liquid to reach the ground

k%
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t_\/Z(h+h—y) _\/Z(Zh—y)
g g

.". Horizontal distance covered by liquid

X =V.t. = J20y x /—Z(Zh =) _ 4y(2h-y)
g

= x? =4y(2h-y)

2
= ﬂ=8h—8y
dy

for x to be maximum, di(x =0

..8h—8y=0 or h=y

So X,, =+/4h(2h —h) = 2h

dv._ 8

8. (b) —=—=80s"
dx 0.1
19 (d) Rate of flow under a constant pressure head,
4 4 4
v="r vy r:>V2_r—2 L_(1 ><l
8nl | \A n I, 2 2
V.
=V, =-—+= v
32 32



