Fluid Mechanics ﬂ—

g

FLUID MECHANICS

— Solved Examples

Fluid mechanics deals with the behaviour of fluids at rest and in motion. A fluid is a substance that
deforms continuously under the application of shear (tangential) stress no matter how small the shear
stress may be:

Thus, fluid comprise the liquid and gas (or vapour) phases of the physical forms in which matter exists.

We may alternatively define a fluid as a substance that cannot sustain a shear stress when at rest.
[ ; ; = F L - - - 'EI—V F

(a) Solid (b) Fluid
Density of a Liquid
Density (p) of any substance is defined as the mass per unit volume or
_  mass _m
P= volume P= v
Relative Density (RD)
In case of a liquid, sometimes an another term relative density (RD) is defined. It is the ratio of density
of the substance to the density of water at 4°C. Hence,
Density of substance
- Density of water at 4°C

RD is a pure ratio. So, it has no units. It is also sometimes referred as specific gravity.
Density of water at 4°C in CGS is 1g/cm?3. Therefore, numerically the RD and density of substance
(in CGS) are equal. In Sl units the density of water at 4°C is 1000 kg/m3.

Example 1. Relative density of an oil is 0.8. Find the absolute density of oil in CGS and Sl units.
Solution : Density of oil (in CGS) = (RD)g/cm? = 0.8 g/cm? = 800 kg/m?

0

3.

Pressurein a Fluid

When a fluid (either liquid or gas) is at rest, it exerts a force

perpendicular to any surface in contact with it, such as a drF dF
container wall or a body immersed in the fluid.

While the fluid as a whole is at rest, the molecules that makes

up the fluid are in motion, the force exerted by the fluid is due

to molecules colliding with their surrounding.

If we think of an imaginary surface within the fluid, the fluid on the two sides of the surface exerts equal
and opposite forces on the surface, otherwise the surface would accelerate and the fluid would not
remain at rest.

Consider a small surface of area dA centered on a point on the fluid, the normal force exerted by the

fluid on each side is dF.. The pressure P is defined at that point as the normal force per unit area, i.e.,
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Fluid Mechanics ﬂ—

_dF,
dA
If the pressure is the same at all points of a finite plane surface with area A, then
P= F_i
A

where F. is the normal force on one side of the surface. The Sl unit of pressure is pascal
where 1 pascal = 1Pa = 1.0 N/m?

One unit used principally in meterology is the Bar which is equal to 105 Pa

1 Bar = 10°% Pa

Note : Fluid pressure acts perpendicular to any surface in the fluid no matter how that surface is
oriented. Hence, pressure has no intrinsic direction of its own, its a scalar. By contrast, force is a vector
with a definite direction.

Atmospheric Pressure (P,)

It is pressure of the earth's atmosphere. This changes with weather and elevation. Normal atmospheric
pressure at sea level (an average value) is 1.013 x 10° Pa

Absolute pressure and Gauge Pressure

The excess pressure above atmospheric pressure is usually called gauge pressure and the total
pressure is called absolute pressure. Thus,

Gauge pressure = absolute pressure — atmospheric pressure

Absolute pressure is always greater than or equal to zero. While gauge pressure can be negative also.

Variation in pressure with depth

If the weight of the fluid can be neglected, the pressure in a fluid is the same throughout its volume. But
often the fluid's weight is not negligible and under such condition pressure increases with increasing
depth below the surface.

Let us now derive a general relation between the pressure P at any point in a fluid at rest and the
elevation y of that point. We will assume that the density p and the acceleration due to gravity g are the
same throughout the fluid. If the fluid is in equilibrium, every volume element is in equilibrium.

Consider a thin element of fluid with height dy. The bottom and top surfaces each have area A, and
they are at elevations y and y + dy above some reference level where y = 0. The weight of the fluid

element is
(P+dP)A

dw Idy
Jo

PA

dW = (volume) (density) (g) = (A dy) (p) (9)
or dwW = pgAdy
What are the other forces in y-direction on this fluid element ? Call the pressure at the bottom surface
P, the total y component of upward force is PA. The pressure at the top surface is P + dP and the total
y-component of downward force on the top surface is (P + dP)A. The fluid element is in equilibrium, so
the total y component of force including the weight and the forces at the bottom and top surfaces must
be zero.

*Fy=0

dp

PA—-(P+dP)A—-pgAdy=0 or d—:—pg
y
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Fluid Mechanics ﬂ—

— Solved Examples

This equation shows that when y increases, P decreases, i.e., as we move upward in the fluid pressure
decreases.

If P. and P2 be the pressures at elevations y: and y> and if p and g are constant, then integration
Equation (i), we get

or Po—Pi=-pg(y2—yy) (ii)

A\ .

It's often convenient to express Equation (ii) in terms of the depth below the surface of a fluid. Take
point 1 at depth h below the surface of fluid and let P represents pressure at this point. Take point 2 at
the surface of the fluid, where the pressure is Po (subscript for zero depth). The depth of point 1 below
the surface is,
h=y2-v1
and equation (ii) becomes

Po—P=-pg (y2—Yy1) =—pgh

P=Po+pgh (iii)
Thus pressure increases linearly with depth, if p and g are uniform. A graph between P and h is shown
below.

P

N
P, /Ppo+pgh
>h PA:PB:Po"'PQh

Further, the pressure is the same at any two points at the same level in the fluid. The shape of the
container does not matter.

Example 2. The manometer shown below is used to measure the difference in water level between the two

tanks. Calculate this difference for the conditions indicated.
Liquid
(sp gravity = 0.9)
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Fluid Mechanics

Solution :

Example 3.

Solution :

Example 4.

Solution :

Example 5.

Pa + h1 pg — 40p1g + 40pg = Pa + h2 pg
hz2 pg — h1 pg =40 pg — 40 p1g
as p1=0.9p

(h2 — h1) pg = 40pg — 36pg
ho—hi=4cm

In a given U-tube (open at one-end) find out relation between P and Pa.
Given d2 = 2 x 13.6 gm/cm? d1 = 13.6 gm/cm?3

Pressure in a liquid at same level is same i.e. at A — A—, P,
P, +d,yg+xd,g=P

In C.G.S.
Pa+13.6x2x25x9g+13.6%x26xg=P
Pa+13.6 x g [50 + 26] = P

2Pa=P [Pa=13.6 x g x 76]

Find out pressure at points A and B. Also find angle ‘0.

Pa(m

Pressure at A — Pa = Pam — p1 gl sin 6
Pressure at B Pg = Pam + p2gh 6
But Ps is also equal to Ps =Pa+ psglsin6
Hence - Patm + p2 gh = Pa + p3 gl sin 6

Patm + p2 gh = Pam — p1 gl Sin 6 + p3 gl sin 6

sin 6 = p;h

(Ps —pu)!

Water and liquid is filled up behind a square wall of side /. Find out

—> square wall
side (=10 m

Hliquid 2=

(a) PressuresatA,BandC (b) Forces in part AB and BC
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Fluid Mechanics

Solution :

(@)

(b)

As there is no liquid above ‘A’,

So pressure at A, Pa=0

Pressure at B, Ps = pghi

Pressure at C, Pc = pgh1 + 2pgh2

Force at A = 0 Take a strip of width ‘dx’ at a depth X’
in part AB.

Pressure is equal to pgx.

Force on strip = pressure x area

dF = pgx (dx

Total force upto B

pgx¢h? — 1000x10x10x5x5
2 2

hy
F= j pgxldx =
0

=1.25x10°N

In part BC for force take a elementary strip of width
dx in portion BC. Pressure is equal to

= pghz + 2pg(x — h1)

Force on elementary strip = pressure x area

dF = [pgh1 + 2pg(x — h1)] £ dx

Total force on part BC

4 X2
F = [ lpgh, +20g(x—h,)]/dx = {pghlx . ZpQB - hlxﬂ ¢
* h

1

-2

= pghihz ¢ + 2pg/ { — h1€+hf}

= pghihz/ + % [¢2 + h12 — 2h1(] = pghih2? +pg? (¢ — h1)?

= pghz/ [h1 + h2] = pgh2¢2 = 1000 x 10 x 5 x 10 x 10 =5 x 108 N

a8

Pascal's Law

It states that "pressure applied to an enclosed fluid is transmitted undiminished to every portion of the

fluid and the walls of the containing vessel".

A well known application of Pascal's law is the hydraulic lift used to support or lift heavy objects. It is

schematically illustrated in figure.

F,
l /1N
Car
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— Solved Examples

A piston with small cross section area A1 exerts a force F1 on the surface of a liquid such as oil. The

. F . . . : .
applied pressure P = A—l is transmitted through the connection pipe to a larger piston of area Az. The
1

applied pressure is the same in both cylinders, so

p-Hh_F F, :ﬁ.Fl
Al A2 Al

Now, since A2 > Ai, therefore, F2 > Fi1. Thus hydraulic lift is a force multiplying device with a
multiplication factor equal to the ratio of the areas of the two pistons. Dentist's chairs, car lifts and jacks,
elevators and hydraulic brakes all are based on this principle.

Example 6. Figure shows a hydraulic press with the larger piston of diameter 35 cm at a height of 1.5 m

relative to the smaller piston of diameter 10 cm. The mass on the smaller piston is 20 kg. What is
the force exerted on the load by the larger piston ? The density of oil in the press is 750 kg/ m3.
(Take g = 9.8m/s?)

nlo

1.5m
20 Kg
Solution : Pressure on the smaller piston = &'E}“N/mz
nx(5%x107°)
F 2

Pressure on the larger piston = /m

N
nx(17.5x107%)?

The difference between the two pressures = hpg
where h =1.5m and p =750 kg/m3
20x9.8 F

" X (5x107%)? - nx(17.5%x107?)?
Note : atmospheric pressure is common to both pistons and has been ignored.

Thus =1.5x%x750 x 9.8 =11025 = F=1.3x 103N

Example 7. The area of cross-section of the two arms of a hydraulic press are 1 cm? and 10 cm?

respectively (figure). A force of 50 N is applied on the water in the thicker arm. What force
should be applied on the water in the thinner arm so that the water may remain in equilibrium?
lF 50N

l

J

Solution : In equilibrium, the pressures at the two surfaces should be equal as they lie in the same

horizontal level. If the atmospheric pressure is P and a force F is applied to maintain the

equilibrium, the pressures are Po + SON
10cm

> respectively.

> and Po + F
1c

This givens F =5 N.
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[a8]

Important points in Pressure

1.

At same point on a fluid pressure is same in all direction. In the figure,
P1=P2=P3=P4

Forces acting on a fluid in equilibrium have to be perpendicular to its surface. Because it cannot sustain
the shear stress.
In the same liquid pressure will be same at all points at the same level. For example, in the figure:

P1# P2
P3 = P4 and Ps = Ps
Further Pz = P4

1
Po+pighi=Po+p2gh2 or pihi=p2h2 or ho =
p
Torricelli Experiment (Barometer) :
It is a device used to measure atmospheric pressure .In principle any liquid can be used to fill the
barometer, but mercury is the substance of choice because its great density makes possible an
instrument of reasonable size.

Vacuum
1" P=0)
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Fluid Mechanics ﬂ—

P1=P2
Here, P1=atmospheric pressure (Po)
and P2 =0 + pgh = pgh
Po = pgh

Here p = density of mercury
Thus, the mercury barometer reads the atmosheric pressure (Po) directly from the height of the mercury
column.
For example if the height of mercury in a barometer is 760 mm. then atmospheric pressure will be ,

Po = pgh = (13.6 x 103)(9.8)(0.760) = 1.01x10% N/m?

Manometer :
It is a device used to measure the pressure of a gas inside a container. The U- shaped tube often
contains mercury

P1=P2
Here P1 = pressure of the gas in the container (P)
and P2 = atmospheric pressure (Po) + pgh

P = Po + hpg
This can also be written as

P — Po = gauge pressure = pgh

Here, p is the density of the liquid used in U - tube.
Thus by measuring h we can find absolute (or gauge) pressure in the vessel.

Free body diagram of a liquid :
The free body diagram of the liquid(showing the vertical forces only) is shown in fig (b) For the
equilibrium of liquid .

|~

P h Iw

(@) (0) | (P, +pgh)A

Net downward force = net upward force
PoA + W = (Pot+ pgh)A or W = pghA

Pressure Difference in Accelerating Fluids

Consider a liquid kept at rest in a beaker as shown in figure (a). In this case we know that pressure do
not change in horizontal direction (x-direction), it decreases upwards along y-direction So, we can write
the equations,

dp dpP

—=0and — =
dx dy Pg
yA yA
' A 5 F
ay
T—) a,
5 > X 5 > X

(@) (b)
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Fluid Mechanics ﬂ—

But, suppose the beaker is accelerated and it has components of acceleration ax and ay in x and
y-directions respectively, then the pressure decreases along both x and y directions. The above
equation in that case reduces to

dpP dP

— =—pa,and — =—p(g+a

v dy p(g+a,)
These equations can be derived as under. Consider a beaker filled with some liquid of density p
accelerating upwards with an acceleration ay along positive y-direction, Let us draw the free body
diagram of a small element of fluid of area A and length dy as shown in figure . Equation of motion for
this element is,

PA-W — (P +dP) A =(mass)(ay) or W — (dP) A = (Ap dy)(ay)

y4

; 7

P +dP (P +dP)A
d alls
W
g i
-> X

(@)

dpP
or —(Apgdy)—(dP) A = (Apdy)(ay) or dy —p(g+ay)
Similarly, if the beaker moves along positive x-direction with acceleration ax, the equation of motion for
the fluid element shown in figure is

PA— (P +dP) A = (mass) (ax) or —(dP)A=(Apdx)ax or Z—Z =—pa,
¥4
T 2

bt PA (P +dP)A
pE'e ~{L -
! dx ‘ -------- >a,
-> X
(o}
(a)
8. Free Surface of a Liquid Accelerated in Horizontal Direction

Consider a liquid placed in a beaker which is accelerating horizontally with an acceleration ‘a’. Let A and B
be two points in the liquid at a separation x in the same horizontal line. As we have seen in this case

dp=padx or — =-pa
dx

Integrating this with proper limits, we get Pa — Ps = pax
Furter Pa = Po +pgha
and Ps = Po + pgh2
substituting in Eq. (iii) we get
pg (h1 — h2) = pax

uzgztane
X g

tan 0 _a
g
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— Solved Examples

Alternate Method

Consider a fluid particle of mass m at point P on the surface of R A

liquid. From the accelerating frame of reference, two forces are

acting on it, ma \P 500

(i) pseudo force(ma) (ii) Weight (mg) P

As we said earlier also, net force in equilibrium should be P

perpendicular to the surface. y @
ma a Fnst mg

. tanf=— or tanf=— ;

Example 8. An open rectangular tank 1.5 m wide 2m deep and 2m long is half filled with water. It is

Solution : tan 6 = a

accelerated horizontally at 3.27 m/sec? in the direction of its length. Determine the depth of
water at each end of tank. [g =9.81 m/sec?]

W[

g
Depth at corner ‘A’
=1-15tan6=0.5m Ans.
Depth at corner ‘B’
=1+15tan6=1.5m Ans.

Archimedes 'Principle
If a heavy object is immersed in water, it seems to weigh less than when it is in air. This is because the
water exerts an upward force called buoyant force. It is equal to the weight of the fluid displaced by the
body A body wholly or partially submerged in a fluid is buoyed up by a force equal to the weight
of the displaced fluid.
This result known as Archimedes 'principle.
Thus, the magnitude of buoyant force (F) is given by, F = VipLg
Here, Vi = immersed volume of solid

pL = density of liquid
and g = acceleration due to gravity
Proof
Consider an arbitrarily shaped body of volume V placed in a container filled with a fluid of density pL.
The body is shown completely immersed, but complete immersion is not essential to the proof. To
begin with, imagine the situation before the body was immersed. The region now occupied by the body
was filled with fluid, whose weight was Vp.Lg. Because the fluid as a whole was in hydrostatic
equilibrium, the net upwards force (due to difference in pressure at different depths) on the fluid in
region was equal to the weight of the fluid occupying that region.

PL

0
H

Now, consider what happens when the body has displaced the fluid. The pressure at every point on the
surface of the body is unchanged from the value at the same location when the body was every point
on. This is because the pressure at any point depends only on the depth of that point the surface.
Hence, the net force exerted by the surrounding fluid on the body is exactly the same as that exerted on
the region before the body was present. But we now latter to be VpLg, the weight of the displaced fluid
Hence, this must also be the buoyant force exerted of the body. Archimedes' principle is thus proved.
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10.

Law of Floatation

Consider an object of volume V and density ps floating in a liquid of density pL. Let Vi be the object
immersed in the liquid.

For equilibrium of object,

Weight = Upthrust R a

_’
Vpsg = VipLg Vi
& = & > P
V. p

This is the fraction of volume immersed in liquid.

Percentage of volume immersed in liquid :% x100 = P= x100 \ ‘
PL

Three possibilities may now arise.
(i) If ps < pL, only fraction of body will be immersed in the liquid. This fraction will be given by the above

equation.
(i) If ps = pL, the whole of the rigid body will be immersed in the liquid. Hence the body remains floating
in the liquid wherever it is left.
(iii) If ps > pu, the body will sink.
Apparent Weight of a Body inside a Liquid
If a body is completely immersed in a liquid its effective weight gets decreased. The decrease in its
weight is equal to the upthrust on the body. Hence,
Wapp = Wactual — Upthrust
or Wapp = Vpsg — VpLg
Here, V =total volume of the body
ps = density of body
and pL = density of liquid
Thus, Wapp = Vg(ps — pL)
If the liquid in which body is immersed, is water, then

Weight in air
Decrease in weight

= Relative density of body (R.D)

This can be shown as under :

Weightinair  _ Weightinair _ Vp,g _ p, _ RD
Decrease in weight Upthrust Vp, 9 p,

Buoyant Force in Accelerating Fluids
Suppose a body is dipped inside a liquid of density pL placed in an elevator moving with an acceleration
a The buoyant force F in this case becomes,

F = VpLQert
Here, Qerr=|g —2|
For example, if the lift is moving upwards with an acceleration a, value of getis g + a and if it is moving
downwards with acceleration a, the gertis g — a In a freely falling lift gett is zero (as a = g ) and hence, net

buoyant force is zero. This is why, in a freely falled with some liquid, the air bubbles do not rise up
(which otherwise move up due to buoyant force).
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— Solved Examples

Example 9.

Solution :

Example 10.

Solution :

Example 11.

Solution :

Density of ice is 900kg/m3. A piece of ice is floating in water of density 1000 kg/m3. Find the
fraction of volume of the piece of ice out side the water.
Let V be the total volume and Vi the volume of ice piece immersed in water. For equilibrium
of ice piece,
weight = upthrust
Vpig = Vipwg
Here pi= density of ice = 900kg/m?
and pw= density of water = 1000kg/m3
Substituting in above equation,
V, 900

—=——=0.9
V 1000
i.e, the fraction of volume outside the water,

f=1-0.9=0.1

A piece of ice is floating in a glass vessel filled with water. How the level of water in the vessel
change when the ice melts ?

Let m be the mass of ice piece floating in water.

In equilibrium, weight of ice piece = upthrust

mg = Vipwgd
or V = m
Pw

Here , Viis the volume of ice piece immersed in water
When the ice melt, let V be the volume of water formed by m mass of ice. Then,

\/i -
Pw
From Egs. (i) and (ii) we see that
Vi=V
Hence, the level will not change.

A piece of ice having a stone frozen in it floats in a glass vessel filled with water. How will the
level of water in the vessel change when the ice melts ?
Let, m1 = mass of ice ,
M2 = mass of stone
ps = density of stone
and pw = density of water
In equilibrium, when the piece of ice floats in water , weight of (ice + stone ) = upthrust
(M1 + M2)g = Vi pug aviz T
pW pW
Here, Vi = Volume of ice immersed
when the ice melts m: mass of ice converts into water and stone of mass m:z is completely
submerged .
Volume of water formed by m1 mass of ice,

m
V,=—
Pw
Volume of stone (which is also equal to the volume of water displaced)
m
V, =—%
Ps

Since, ps > pw Therefore, V1 + V2 < Vi
or, the level of water will decrease .
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Example 12.

Solution :

Example 13.

Solution :

Example 14.

Solution :

An ornament weighing 50 g in air weighs only 46 g is water. Assuming that some copper is
mixed with gold to prepare the ornament. Find the amount of copper in it. Specific gravity of
gold is 20 and that of copper is 10.

Let m be the mass of the copper in ornament . Then mass of gold in it is (50 — m).

Volume of copper V, = M| volume = mas.s
10 density

50-m
20
when immersed in water (pw = 1g/cm?3)
Decrease in weight = upthrust
(50 -46)g = (V1+V2)puwg
~m 50-m
10
m = 30g

and volume of gold V, =

or or 80=2m +50-m

The tension in a string holding a solid block below the surface of a liquid (of density greater
then that of solid) as shown in figure is To when the system is at rest. What will be the tension
in the string if the system has an upward acceleration a ?

Let m be the mass of block. Initially for the equilibrium of block, T A

F=To+mg

Here, F is the upthrust on the block . a
F F'

f 1
I
Voo

T, +mg T, +mg

Where the lift is accelerated upwards, gef becomes g + a
instead of g.

Hence, F'= F(w]
g

From Newton's second law, F'— T —mg = ma
Solving Egs. (i) , (ii) and (iii),we get

T=To[1+2j
g

A metal piece of mass 10 g is suspended by a vertical spring. The spring elongates 10 cm over
its natural length to keep the piece in equilibrium. A beaker containing water is now placed
below the piece so as to immerse the piece completely in water. Find the elongation of the
spring. Density of metal = 9000 kg/m3. Take g = 10 m/s2.

Let the spring constant be k. When the piece is hanging in air, the equilibrium condition gives

k (10 cm) = (0.01 kg) (10 m/s?)

or k(0cm)=01N. 0]
The volume of the metal piece
_ 00lkg _1 % 10-5 M3,

9000kg/m®* 9

This is also the volume of water displaced when the piece is immersed in water. The force of
buoyancy
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Example 15.

Solution :

Example 16.

Solution :

= weight of the liquid displaced = % x 10-5 m3 x (1000 kg/m3) x (10 m/s?) = 0.011 N.

If the elongation of the spring is x when the piece is immersed in water, the equilibrium
condition of the piece gives,
kx=0.1N-0.011N=0.089N. .. (i)

_0.089

By (i) and (ii), x cm = 0.0089 cm.

A cubical block of plastic of edge 3 cm floats in water. The lower surface of the cube just
touches the free end of a vertical spring fixed at the bottom of the pot. Find the maximum
weight that can be put on the block without wetting it. Density of plastic = 800 kg/m?and spring
constant of the spring = 100 N/m. Take g = 10 m/s2.

The specific gravity of the block = 0.8. Hence the height inside water = 3 cm x 0.8 = 2.4 cm.
The height outside water = 3 cm — 2.4 = 0.6 cm. Suppose the maximum weight that can be put
without wetting it is W. The block in this case is completely immersed in the water. The volume
of the displaced water

= volume of the block = 27 x 10-6 m3.

Hence, the force of buoyancy

= (27 x 1075 m3) x 1(1000 kg/m3) x (10 m/s?) = 0.27 N.

The spring is compressed by 0.6 cm and hence the upward force exerted by the spring

=100 N/m x 0.6 cm = 0.6 N.

The force of buoyancy and the spring force taken together balance the weight of the block plus
the weight W put on the block. The weight of the block is

W’ = (27 x 10 m) x (800 kg/m3) x (10 m/s2) = 0.22 N.

Thus, W =0.27 N + 0.6 N—0.22 N = 0.65 N.

A wooden plank of length 2/ m and uniform cross-section is hinged at one end to the bottom of
a tank as shown in figure. The tank is filled with water up to a height of # m. The specific gravity
of the plank is 0.5. Find the angle 6 that the plank makes with the vertical in the equilibrium
position. (Exclude the case 6 = 0)

0

The forces acting on the plank are shown in the figure. The height of water level is

£. The length of the plank is 2/. The weight of the plank acts through the centre B of the plank.

We have OB = /. The buoyant force F acts through the point A which is the middle point of the

dipped part OC of the plank.

WehaveOA=%= ‘ .
2 2cos6

Let the mass per unit length of the plank be p.

Its weight mg = 2/pg.
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Example 17.

Solution :

Example 18.

Solution :

X

The mass of the part OC of the plank = [Lj p.
c

0s0
The mass of water displaced = N — .
0.5 cos®  cos6H
The buoyant force F is, therefore, F = 2¢pg .
coso

Now, for equilibrium, the torque of mg about O should balance the torque of F about O.
So, mg (OB) sin6 = F(OA) sin6

or, (2tp)t = [ 20p j[ ! J or, cos20 =

cos0 )\ 2cos0

or, cosb = or, 0 = 45°,

N |-

1
Nk
A cylindrical block of wood of mass m, radius r & density p is floating in water with its axis
vertical. It is depressed a little and then released. If the motion of the block is simple harmonic.
Find its frequency.
Suppose a height h of the block is dipped in the water in equilibrium position. If r be the radius
of the cylindrical block, the volume of the water displaced = =r?h. For floating in equilibrium,
ar?hpg=W (i)
where p is the density of water and W the weight of the block.
Now suppose during the vertical motion, the block is further dipped through a distance x at
some instant. The volume of the displaced water is « r? (h + X). The forces acting on the block
are, the weight W vertically downward and the buoyancy = r?(h + x) pg vertically upward.
Net force on the block at displacement x from the equilibrium position is

F=W —nr? (h+X)pg =W —zr?2 hpg — nr?pxg
Using (i) F = — ©r? pgx = — kx,
where k = zr? pg.

Thus, the block executes SHM with frequency.

ve ot ki1 ,mng
2r \m 2xn m

A large block of ice cuboid of height ‘/’ and density pice = 0.9 pw, has a large vertical hole along
its axis. This block is floating in a lake. Find out the length of the rope required to raise a bucket
of water through the hole.

Let area of ice-cuboid excluding hole = A

weight of ice block = weight of liquid displaced

=M
1] CJ —
Apice /g=Apw(f—h)g

N o yhs h=eo X (L
10 10 (10

11. Flow of Fluids
Steady Flow
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12.

13.

If the velocity of fluid particles at any point does not vary with time, the flow is said to be steady. Steady
flow is also called streamlined or laminar flow .The velocity points may be different. Hence in the figure,
_)

- e
VW
_)
V1
v, =constant, V,=constant, Vv, = constant

but v, =V, =V,
Principle of Continuity
It states that, when an incompressible and non-viscous liquid flows in a stream lined motion through a

tube of non- uniform cross section ,then the product of the area of cross section and the velocity of flow

is same at every point in the tube .
= Q

A,

Thus, Awvi=AzV2
or Av =constant or Vo %
This is basically the law of conservation of mass in fluid dynamics.

Proof

Let us consider two cross sections P and Q of area A1 and Az of a tube through which a fluid is flowing.

Let v1 and vz be the speeds at these two cross sections. Then being an incompressible fluid, mass of fluid

going through P in a time interval At = mass of fluid passing through Q in the same interval of time At
Awvip At = Aovep At or  Aivi= Az

N A S
—V, —»V,
—/x
Therefore, the velocity of the liquid is smaller in the wider
part of the tube and larger in the narrower parts.
or v2>vi as Az<A:

Note : The product Av is the volume flow rate c:j—\t/ , the rate at which volume crosses a section of the

tube. Hence (:i_\t/ = volume flow rate = Av

The mass flow rate is the mass flow per unit time through a cross section. This is equal to density (p)

times the volume flow rate (jj_\t/ .

we can generalize the continuity equation for the case in which the fluid is not incompressible . If p1 and
p2 are the densities at sections1 and 2 then,

prA1Vi= p2A2Vv2
so, this is the continuity equation for a compressible fluid

Energy of a flowing fluid
There are following three types of energies in a flowing fluid.
(i) Pressure energy

/\
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14.

if P is the pressure on the area A of a fluid, and the liquid moves through a distance due to this
pressure, then pressure energy of liquid = work done

= force xdisplacement

= PAI
The volume of the liquid is Al.

.. Pressure energy per unit volume of liquid = % =P

(ii) Kinetic energy
If a liquid of mass m and volume V is flowing with velocity v, then the kinetic energy is % mv2

kinetic energy per unit volume of liquid = % [EJ v2 = % pV?
%

Here, p is the density of liquid.
(iii) Potential energy
If a liquid of mass m is at a height h from the reference line (h = 0), then its potential energy is mgh.
Potential energy per unit volume of the liquid = (mj gh = pgh
v

Bernoulli's Equation

The Bernoulli's equation is "Sum of total energy per unit volume (pressure + kinetic + potential) is
constant for an Ideal fluid".

P+ % pV2 + pgh = constant (J/m?3)

Bernoulli's equation relates the pressure, flow speed and height for flow of an ideal (incompressible and
nonviscous) fluid .The pressure of a fluid depends on height as the static situation, and it also depends
on the speed of flow.

To derive Bernoulli's equation, we apply the work- energy theorem to the fluid in a section of the fluid
element Consider the element of fluid that at some initial time lies between two cross sections a and b.
The speeds at the lower and upper ends are vi and vz In a small time interval, the fluid that is initially at a
moves to aa' distance aa' = ds: = vi dt and the fluid that is initially at b moves to b' distance
bb' = ds2 = vadt, The cross- section areas at the two ends are Ai1 and Az as shown. The fluid is
incompressible hence, by the continuity equation, the volume of fluid dV passing through and cross-
section during time dt is the same.

That is, dv = A1 ds1 = Azds2

A

[N}

Work done on the Fluid Element
Let us calculate the work done on this element during interval dt. The pressure at the two ends are
P1 and P2, the force on the cross section at a is P1 A1 and the force at b is P2 Az. The net work done dwW
on the element by the surrounding fluid during this displacement is,

dW = P1A1 dsi— P2Az dsz2 = (P1—P2 )dV

Change in Potential Energy

/\
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— Solved Examples

At the beginning of dt the potential energy for the mass between a and a' is dmgh: = p (dV)gh: v?. At
the end of dt the potential energy for the mass between b and b' is (dm)ghz = p(dv)gh2 .The net change
in potential energy dU during dt is ,

dU =p (dV) g (h2 — hy)
Change in Kinetic Energy
At the beginning of dt the fluid between a and a' has volume A:ds:, mass pA: dsi and kinetic energy

% p(A1ds1) vZ. At the end of dt the fluid between b and b' has kinetic energy %p(Az dsz) V3. The net
change in kinetic energy dK during time dt is.
1
dK = 2P @V)( v; -vi)

Combining Egs. (i),(ii) and (iii) in the energy equation,
dw =dK + duU
We obtain,

(P1—P2) dV = %pdV(VS “\2)+ p (ho—h1)

or P1—Pz=%p(v§—vf)+pg (h2 = hi)

This is Bernoulli's equation. It states that the work done on a unit Volume of fluid by the surrounding
fluid is equal to the sum of the changes in kinetic and potential energies per unit volume that occur
during the flow. We can also express Eq. (iv) in a more convenient form as.

P1 + pgha + %pvf = P2 + pghz + %pvg

The subscripts 1land 2 refer to any two points along the flow tube, so we can also write
p + pgh + pv? = constant

Note: When the fluid is not moving (v1 = 0 = v2) Bernoulli' s equation reduces to ,
P1 + pghi= p2 + pgh2

o P1— P2 = pg(h2 — ha)

This is the pressure relation we derived for a fluid at rest.

Example 19. Calculate the rate of flow of glycerine of density 1.25 x 10% kg/m? through the conical section of a

pipe, if the radii of its ends are 0.1m and 0.04 m and the pressure drop across its length is 10 N/m.

Solution : From continuity equation, AP,

X

A1Vvi=A2 V2 AP,

From Bernoulli's equation ,

1 1
P1+ Epvf=Pz +EpV§

or v2 —vfz—z(Pl_PZ)
p
or Vi—v? =L03 =1.6x102m?2/s
1.25%x10

Solving Egs. (i) and (ii), we get
v2~0.128 m/s
Rate of volume flow through the tube

Q= Awvz = (mr)v2= 7 (0.04)2(0.128) = 6.43 x 10 m¥s

/\
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15. Applications Based on Bernoulli's Equation

(@)

(b)

Venturimeter
Figure shows a venturimeter used to measure flow speed in a pipe of non- uniform cross-section. We

apply Bernoulli's equation to the wide (point 1) and narrow (point 2) parts of the pipe, with hy = h2

1 1
P+ 5P vi=P2+ Epvg

. . Ayv
From the continuity equation vz = f
2

Substituting and rearranging, we get

1 A?
P1—P2= Epvf {A_;_lj

2

The pressure difference is also equal to pgh, where h is the difference in liquid level in the two

tubes. Substituting in Eqg. (i) we get

Speed of Efflux

Suppose, the surface of a liquid in a tank is at a height h from the orifice O on its sides, through
which the liquid issues out with velocity v. The speed of the liquid coming called the speed of efflux.
If the dimensions of the tank be sufficiently large, the velocity of the liquid at its surface may be
taken to be zero and since the pressure there as well as at the orifice O is the same viz
atmospheric it plays no part in the flow of the liquid, which thus occurs purely in consequence of the
hydrostatic pressure of the liquid itself. So that, considering a tube of flow, starting at the liquid

surface and ending at the orifice, as shown in figure .Applying Bernoulli's equation we have

; G ; 7
A A \\
h \_ |, v
[o} —>V (e]
H H
H-h
v i 4 %
—
R

Total energy per unit volume of the liquid at the surface

= KE + PE + pressure energy = 0 + pgh + Po
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/\g

16.

and total energy per unit volume at the orifice
= KE + PE + pressure = %pv2 +0 + Po

Since total energy of the liquid must remain constant in steady flow, in accordance with Bernoulli's

equation we have

pgh+Po:%pV2+Po or v=,2gh

Evangellista Torricelli showed that this velocity is the same as the liquid will attain in falling freely
through the height (h) from the surface to the orifice. This is known as Torricelli's theorem and may be
stated as. "The velocity of efflux of a liquid issuing out of an orifice is the same as it would attain if

allowed to fall freely through the vertical height between the liquid surface and orifice.

Range (R)

Let us find the range R on the ground.

Considering the vertical motion of the liquid, (H—-h) = %gt2 or t= 2(H-h)
g

Now, considering the horizontal motion, R=vt R = ,/2gh { /MJ or R=2,/h(H-h)
g

From the expression of R, following conclusions can be drawn,
(i) Rn=Run

as Rh=2,/h(H-h) and Ru.n=2/h(H-h)

This can be maximum at h = gand Rmax = H.

Proof: R? =4 (Hh-h?)

2
For R to be maximum, ——=0

or H-2h=0 or = —

That is, R is maximum at h = g and Rma= 2

ﬂ H_E =H
2 2

We are here interested in finding the time required to empty a tank if a hole is made at the bottom of the tank.

Time taken to empty a tank

Consider a tank filled with a liquid of density p upto a height H. A small hole of area of cross section a is
made at the bottom of the tank. The area of cross-section of the tank is A.
Let at some instant of time the level of liquid in the tank is y. Velocity of efflux at this instant of time

would be
v =20y

Now, at this instant volume of liquid coming out of the hole per second is (d—\?j .

/\

Resonance”®

Educating for better tomorrow

Corp. / Reg. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Toll Free : 1800 258 5555 | CIN : U80302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Fluid Mechanics ﬂ—

Volume of liquid coming down in the tank per second is [dditzj .

. dv,
To calculate time taken to empty a tank — =

or

— Solved Examples

Example 20.

Solution :

Example 21.

av,
dt dt

dy dy
=AY . aJ2gy =A[ -2
av ( dt) N ( dtj

'[tdt:— A joy’l’z dy

0 a\/z

Water flows in a horizontal tube as shown in figure. The pressure of water changes by
600 N/m? between x and y where the areas of cross-section are 3cm? and 1.5cm? respectively.

Find the rate of flow of water through the tube.

X
— \ —

Let the velocity at x = vx and that at y = vy.

Vv 2
By the equation of continuity, -~ = scm ~=2.
v 1.5cm

X

By Bernoulli’s equation,

1 1
Px + EpVx2=Py+ EpVy2

1 1 3
or, Px—=Py= —p2w)2— =pw2= —pw?
x— Py 2P( y) A=

o, 6ooﬂ2=3£1000k—93jvx2
m® 2 m

or, vx=+0.4m?/s* =0.63 m/s.

The rate of flow = (3 cm?) (0.63 m/s) = 189 cm?3/s.

A cylindrical container of cross-section area, A is filled up with water upto height ‘h’. Water may
exit through a tap of cross section area ‘a’ in the bottom of container. Find out
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Solution :

(@)
(b)

(c)
(@)

(b)

(c)

Velocity of water just after opening of tap.
The area of cross-section of water stream coming out of tape at depth ho below tap in terms
of ‘a’ just after opening of tap.

1/2
Time in which container becomes empty. (Given : [%) =0.02,h=20cm, ho=20cm)

Applying Bernoulli’'s equation between (1) and (2) -
Pa + pgh + %pw2 =Pa+ %szZ
Through continuity equation : h
Avi = avz, Vi =& pgh + L pvi2 = 1 pV22
a 2 2

on solving - vz = = 2m/sec. (1)
Applying Bernoulli’'s equation between (2) and (3) ) E
1 1 1] Ve
= pVv2?2 + pgho = = pvs? I
2 2 (3) o 1 s
Through continuity equation — 2 v

s = aVZ i
avz=a vs = V3 =—=

a

2

1 1 [av
= —pv2?+pgho= =p| —=
DR+ oglia Zp[a,J

2
1><2><2+gho=1 a X2x%x2
2 2\a'

2 2
(3] o 9.8x.zo:> (3] e

= a-=

\1.98

From (1) at any height ‘h’ of liquid level in container, the velocity through tap,

we know, volume of liquid coming out of tap = decrease in volume of liquid in container.
For any small time interval ‘dt’
avodt =— A - dx
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Example 22.

Solution :

t 0 Ldx
a\20xdt=-Adx = [dt :—éj d T
0 a ; 4/20x XI
S e 45

t:a\/A% [Zﬁ]: = t= \/A_Z\/ﬁ

Thus t =2 x 2500 x 0.1 = 500 second.

A tank is filled with a liquid upto a height H .A small hole is made at the bottom of this tank Let
t1 be the time taken to empty first half of the tank and tz is the time taken to empty rest half of

the tank then find 4L .
2

Substituting the proper limits in Eq. (i), derived in the theory, we have

t A H/2

1dt=— —l/2d

it "y oy
2A H 2A H A |H

or h=—— or tt = — ﬁ—\F or th= — |— \/E—l
e N a'_Zg{ 2} a\E( )

i LI A 0 a2 _

Similarly fo dt——a % oY =dy
A |H

or t=— |—
a\g

We get

h_J2-1 or L-0414

t2 2

Note : From here we see that t1 < t2 This is because initially the pressure is high and the liquid
comes out with
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Bl Exercise-1

% Marked Questions can be used as Revision Questions.

PART -1 : SUBJECTIVE QUESTIONS

Section (A) : Measurement and calculation of pressure
A-1.  We can cut an apple easily with a sharp knife as compared to a blunt knife. Explain why?

A-2.  Why mercury is used in barometers instead of water ?

A-3. Pressure 3 m below the free surface of a liquid is 15KN/m?2 in excess of atmosphere pressure.
Determine its density and specific gravity. [g = 10 m/sec?]

A-4= Two U-tube manometers are connected to a same tube as shown in figure. Determine difference of
pressure between X and Y. Take specific gravity of mercury as 13.6. (g = 10 m/s?, png = 13600 kg/m?)

water water | Y
7
% 150cm
88cm
750m1
7 _____ L — -
/I~ Mercury <

A-5. A rectangular vessel is filled with water and oil in equal proportion (by volume), the oil being twice
lighter than water. Show that the force on each side wall of the vessel will be reduced by one fifth if the
vessel is filled only with oil. (Assume atmospheric pressure is negligible)

Section (B) : Archemedies principle and force of buoyancy
B-1. A cube of wood supporting a 200 gm mass just floats in water. When the mass is removed the cube
rises by 2 cm at equilibrium. Find side of the cube.

B-2.= A small solid ball of density half that of water falls freely under gravity from a height of 19.6 m and then
enters into water. Upto what depth will the ball go ? How much time will it take to come again to the
water surface? Neglect air resistance, viscosity effects of water and energy loss due to collision at
water surface. (g = 9.8 m/s?)

B-3. A metallic square plate is suspended from a point x as shown in figure. The plate is made to dip in
water such that level of water is well above that of the plate. The point X’ is then slowely raised at
constant velocity. Sketch the variation of tension T in string with the displacement ‘s’ of point x.

Section (C) : Continuity equation & Bernoulli theorem and their application

C-1. Calculate the rate of flow of glycerin of density 1.25 x103 kg/m? through the conical section of a pipe
placed horizontally, if the radii of its ends are 0.1m and 0.04 m and the pressure drop across its length
is 10 N/m2.
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Fluid Mechanics ﬂ—

C-2.

C-3.»n

C-4.

C-5.

C-6.=

Consider the Venturi tube of Figure. Let area A equal 5a. Suppose the pressure at A is 2.0 atm. Compute
the values of velocity v at ‘A’ and velocity v’ at ‘a’ that would make the pressure p’ at 'a’ equal to zero.

Compute the corresponding volume flow rate if the diameter at A is A\, =) \4
5.0 cm. (The phenomenon at a when p’ falls to nearly zero is known as  V, =F
cavitation. The water vaporizes into small bubbles.) (Pam = 105 N/m?, t
p = 1000 kg/m?).

Water flows through a horizontal tube of variable cross-section X
(figure). The area of cross-section at x and y are 40 mm? and 20 - T = =
mm? respectively. If 10 cc of water enters per second through x, = = =
find (i) the speed of water at x, (ii) the speed of water at y and

(iii) the pressure difference Px — Py.

Suppose the tube in the previous problem is kept vertical with x upward but the other conditions remain
the same. The separation between the cross-section at x and y is 15/16 cm. Repeat parts (i), (ii) and
(iii) of the previous problem. Take g = 10 m/s?.

Suppose the tube in the previous problem is kept vertical with y upward. Water enters through y at the
rate of 10 cm®/s. Repeat part (iii). Note that the speed decreases as the water falls down.

Let air be at rest at the front edge of wing of an aeroplane and air passing over the surface of the wing
at a fast speed v. If density of air is p, then find out the highest value for v in stream line flow when
atmospheric pressure is patm.

PART -1l : ONLY ONE OPTION CORRECT TYPE

Section (A) : Measurement and calculation of pressure

A-1.w

A-2.

A-3.

A-4 =

Figure here shows the vertical cross-section of a vessel filled with a liquid of density p. The normal
thrust per unit area on the walls of the vessel at point. P, as shown, will be

A

(A hpg (B)Hpg (©)(H-h)pg (D) (H—-h)pg cosb

A tank with length 10 m, breadth 8 m and depth 6m is filled with water to the top. If g = 10 m s-2 and
density of water is 1000 kg m=3, then the thrust on the bottom is (neglect atmospheric pressure)

(A) 6 x 1000 x 10 x 80 N (B) 3 x 1000 x 10 x 48 N

(C) 3x 1000 % 10 x 60 N (D) 3 x 1000 x 10 x 80 N

In a hydraulic lift, used at a service station the radius of the large and small piston are in the ratio of
20 : 1. What weight placed on the small piston will be sufficient to lift a car of mass 1500 kg ?
(A) 3.75 kg (B) 37.5 kg (C) 7.5kg (D) 75 kg.

Two vessels A and B of different shapes have the same base area and are filled with water up to the
same height h (see figure). The force exerted by water on the base is Fa for vessel A and Fg for vessel
B. The respective weights of the water filled in vessels are Wa and Ws. Then

(A)FA>Fe;Wa>Ws (B)Fa=Fs;Wa>Ws (C)Fa=Fs;Wa<Ws (D)Fa>Fg;Wa=Ws
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Fluid Mechanics ﬂ—

A-5.(i)

The cubical container ABCDEFGH which is completely filled with an ideal (nonviscous and incompressible)
fluid, moves in a gravity free space with a acceleration of a = ao (f—]+|2) where aop is a positive constant.

Then the only point in the container shown in the figure where pressure is maximum, is

B C Y
A
D X
F
G z
E H
(A)B (B)C (C)E (D) F
(ii) In previous question pressure will be minimum at point —
(A)A (B)B (C)YH (D) F

Section (B) : Archemedies principle and force of buoyancy

B-1.

B-2.

B-3.

B-4.

B-5.

B-6.=

B-7.

The density of ice is x gm/cc and that of water is y gm/cc. What is the change in volume in cc, when m
gm of ice melts?
(A)M(y—Xx) (B) (y —x)/m (C) mxy (x —y) (D) m (1/y — 1/x)

The reading of a spring balance when a block is suspended from it in air is 60 newton. This reading is
changed to 40 newton when the block is fully submerged in water. The specific gravity of the block must
be therefore :

(A) 3 (B) 2 (C)6 (D) 3/2

A block of volume V and of density ob is placed in liquid of density ci(ci > ob), then block is moved
upward upto a height h and it is still in liquid. The increase in gravitational potential energy of the block
is :

(A) onVgh (B) (ob + o1)Vgh (C) (ob—o1)Vgh (D) none of these

A block of steel of size 5 cm x5 cm x 5 cm is weighed in water. If the relative density of steel is 7. Its
apparent weight is :
(A)6x5x5x5gf (B)4x4x4x7df (C)5x5x5x7df (D)4 x4 x4 x6 df

A metallic sphere floats in an immiscible mixture of water (pw = 103 kg/m?) and a liquid (pL = 13.5 x 103)
with (1/5)th portion by volume in the liquid and remaining in water. The density of the metal is :
(A) 4.5 x 10% kg/m? (B) 4.0 x 103 kg/m? (C) 3.5 x 10% kg/m? (D) 1.9 x 10% kg/m?

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/cc. If the mass of the other is 48 g, its density in g/cc is :
(A) 4/3 (B) 3/2 (©)3 (D) 5

In order that a floating object be in a stable equilibrium, its centre of buoyancy should be
(A) vertically above its centre of gravity

(B) vertically below its centre of gravity

(C) horizontally in line with its centre of gravity

(D) may be anywhere

/\

® Corp. / Reg. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
I Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN : U80302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Fluid Mechanics ﬂ—

B-8.= A cubical block of wood 10 cm on a side, floats at the interface of oil and water as shown in figure. The
density of oil is 0.6 g cm=2 and density of water is 1 g cm~3. The mass of the block is

Qil density
06gcm™®

Water

(A) 706 g (B) 607 g (C)760 g (D) 670 g

Section (C) : Continuity equation and Bernoulli theorem & their application
C-1.» Atank is filled with water up to height H. Water is allowed to come out of a hole P in one of the walls at
a depth D below the surface of water as shown in the figure. Express the horizontal distance x in terms

of Hand D :

_________ A

T :::::::::” D
gl e iy & LA

HIZ=Zzzzz== 15
ZZzZz-z==z=z: N

l ZZzZ===z=z: AN
_________ \\
_________ < X2\

(A) x = /D(H-D) (B) x = /@ (©) x=2yDH-D) (D) x=4D(H_D)

C-2.  Afixed cylindrical vessel is filled with water up to height H. A hole is bored in the wall at a depth h from
the free surface of water. For maximum horizontal range h is equal to :

(A)H (B) 3H/4 (C) H/2 (D) H/4
C-3.» An incompressible liquid flows through a horizontal tube as shown in the figure. Then the velocity ' v' of
the fluid is :
A meter’ —v,=3.0m/s
(A) 3.0 m/s (B) 1.5 m/s (C) 1.0 m/s (D) 2.25 m/s

C-4. For a fluid which is flowing steadily in a horizontal tube as shown in the figure, the level in the vertical
tubes is best represented by
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Fluid Mechanics ﬂ—

C-5.  There are two identical small holes on the opposite sides of a tank containing a liquid. The tank is open
at the top. The difference in height of the two holes is h as shown in the figure. As the liquid comes out
of the two holes, the tank will experience a net horizontal force proportional to:

(A) hv2 (B)h (C) h¥2 (D) h?

C-6.» A cylindrical tank of height 0.4 m is open at the top and has a diameter 0.16 m. Water is filled in it up to
a height of 0.16 m. How long it will take to empty the tank through a hole of radius 5x10-2 m at its
bottom ?

(A) 46.26 sec. (B) 4.6 sec. (C) 462.6 sec. (D) 0.46 sec.

C-7. A large cylindrical vessel contains water to a height of 10m. It is found that the thrust acting on the
curved surface is equal to that at the bottom. If atmospheric pressure can support a water column of
10m, the radius of the vessel is [Olympiad 2014 (stage-1)]
(A)10m (B) 15m (C) 5m (D) 25m

C-8. A jet of water of cross-sectional area A hits a plate normally with velocity v. the plate is moving in the
direction of the jet with velocity V. therefore, the force exerted on the plate is proportional to

[Olympiad 2015 (stage-1)]
(A)v (B) v2 ©€) (v-V) (D) (v—V)?
PART - 1ll : MATCH THE COLUMN
1= A cubical box is completely filled with mass m of a liquid and is given horizontal acceleration a as

shown in the figure. Match the force due to fluid pressure on the faces of the cube with their appropriate
values (assume zero pressure as minimum pressure)

E F
G
@ D
Column | Column II

(A) force on face ABFE () %

(B) force on face BFHD (@) %
(C) force on face ACGE (N % +%

ma
(D) force on face CGHD (s) - +mg
® %+ ma
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Fluid Mechanics ﬂ—

2.n A cuboid is filled with liquid of density p2 upto height h & with liquid of density p1, also upto height h as
shown in the figure

B

o

P2

—— > —p——T —
(@]

F
v
E
Column I Column I

(A) Force on face ABCD due to liquid of density p1 (p) zero

2
(B) Force on face ABCD due to liquid of density p2 (a) %he
(C) Force on face CDEF transferrred due to liquid of density p1 (r) p1gh?/

2
(D) Force on face CDEF due to liquid of density p2 only (s) %

Bl Exercise-2 |

w Marked Questions can be used as Revision Questions.

PART -1: ONLY ONE OPTION CORRECT TYPE

1= A fire hydrant (as shown in the figure) delivers water of density p at a —V

volume rate L. The water travels vertically upward through the hydrant
and then does 90° turn to emerge horizontally at speed V. The pipe \
and nozzle have uniform cross-section throughout. The force exerted
by the water on the corner of the hydrant is
(A) pVL (B) zero (C) 2pVL (D) \2pVL
2= Atube in vertical plane is shown in figure. It is filled with a A
liquid of density p and its end B is closed. Then the force T B (cross section

exerted by the fluid on the tube at end B will be : [Neglect i area =A,)
atmospheric pressure and assume the radius of the tube to

be negligible in comparison to /]
(A)O (B) pg’ Ao (C) 2pg’ Ao

3= A U-tube of base length “¢/” filled with same volume of two
liquids of densities p and 2p is moving with an acceleration “a”
on the horizontal plane as shown in the figure. If the height
difference between the two surfaces (open to atmosphere)

becomes zero, then the height h is given by:

a 3a a
A) —/ B) —¢ C) —¢
()29 ()29 ()g
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4,

6.

A narrow tube completely filled with a liquid is lying on a series of open to atmosphere

cylinders as shown in figure. Assuming no sliding between any
surfaces, the value of acceleration of the cylinders for which liquid will =
not come out of the tube from anywhere is given by S ]

H

2gH H
gn o) L
L JoL
An open pan P filled with water (density pw) is placed on a vertical rod, maintaining equilibrium. A block

of density p is placed on one side of the pan as shown in the figure. Water depth is more than height of
the block.

gH gH
A 3 ® T ©

(A) Equilibrium will be maintained only if p < pw.

(B) Equilibrium will be maintained only if p < pw.

(C) Equilibrium will be maintained for all relations between p and pw.
(D) It is not possible to maintained the equilibrium

In the figure shown water is filled in a symmetrical container. Four pistons of equal area A are used at
the four opening to keep the water in equilibrium. Now an additional force F is applied at each piston.
The increase in the pressure at the centre of the container due to this addition is

F oF
(A) A (B) " (D)0

Figure shows a weighing-bridge, with a beaker P with water on one pan and a balancing weight R on
the other. A solid ball Q is hanging with a thread outside water. It has volume 40 cm? and weighs 80 g.
If this solid is lowered to sink fully in water, but not touching the beaker anywhere, the balancing weight

R' will be
N Q l ~

(A) same as R (B) 40 g less than R (C) 40 g more than R (D) 80 g more than R
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8.

10.=

11.»=

12.=

A cylindrical container of radius ' R " and height ' h ' is completely filled i
with a liquid. Two horizontal L shaped pipes of small cross-section area

i
2R
"a' are connected to the cylinder as shown in the figure. Now the two J-v

pipes are opened and fluid starts coming out of the pipes horizontally in — ;/2

h/
R —
opposite directions. Then the torque due to ejected liquid on the system  ( \

is:
(A) 4aghpR (B) 8aghpR S
(C) 2aghpR (D) aghpR ﬁ

A uniform rod OB of length 1m, cross-sectional area 0.012 m2 and relative density 2.0 is free to rotate

about O in vertical plane. The rod is held with a horizontal string AB which can withstand a maximum
tension of 45 N. The rod and string system is kept in water as shown in figure. The maximum value of
angle o which the rod can make with vertical without breaking the string is

Fixed vessel
A B
ai
O
(A) 45° (B) 37° (C) 53° (D) 60°

A non uniform cylinder of mass m, length ¢ and radius r is having its centre of mass at a distance
¢14 from the centre and lying on the axis of the cylinder as shown in the figure. The cylinder is kept in a
liquid of uniform density p. The moment of inertia of the rod about the centre of mass is 1. The angular

acceleration of point A relative to point B just after the rod is released from the position shown in figure
is

2.2
A) Tpglr

3npglr?
I (D) Smpger

41

A block of iron is kept at the bottom of a bucket full of water at 2°C. The water exerts buoyant force on
the block. If the temperature of water is increased by 1°C the temperature of iron block also increases
by 1°C. The buoyant force on the block by water

(A) will increase (B) will decrease (C) will not change

(D) may decrease or increase depending on the values of their coefficient of expansion

A liquid is kept in a cylindrical vessel which is rotated about its axis. The liquid rises at the sides. If the
radius of the vessel is 0.05 m and the speed of rotation is 2 rev/s. The difference in the height of the
liquid at the centre of the vessel and its sides will be (x2 = 10) :

(A)3cm (B) 2 cm (C)3/2cm (D) 2/3 cm
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13.

14.

15.

16.=

17.

A block is partially immersed in a liquid and the vessel is accelerating upwards with an acceleration “a”.
The block is observed by two observers O:1 and Oz , one at rest and the other accelerating with an

acceleration “a” upward as shown in the figure. The total buoyant force on the block is :

- Ta o, %Ta
01% (at rest)

(A) same for O1 and Oz (B) greater for O1 than O2
(C) greater for Oz than Oz (D) data is not sufficient

A portion of a tube is shown in the figure. Fluid is flowing from cross-section area A1 to Az. The two

cross-sections are at distance ' /' from each other. The velocity of the fluid at section Az is %6 . If the

pressures at A1 & Az are same, then the angle made by the tube with the horizontal will be:
v

(A) 37° (B) sin‘lg (C) 53° (D) 003‘1%

There is a small hole in the bottom of a fixed container containing a liquid upto height ‘h’. The top of the
liquid as well as the hole at the bottom are exposed to atmosphere. As the liquid comes out of the hole.
(Area of the hole is ‘a’ and that of the top surface is ‘A’) :

(A) the top surface of the liquid accelerates with acceleration

1l
«Q

(B) the top surface of the liquid accelerates with acceleration = g—

(C) the top surface of the liquid retards with retardation = g%

ga’

(D) the top surface of the liquid retards with retardation = =—
A

The velocity of the liquid coming out of a small hole of a large vessel containing two different liquids of
densities 2p and p as shown in figure is

(A) \f6gh (B) 2y/gh (D) Joh

Two water pipes P and Q having diameters 2 x 102 m and 4 x 10-2 m, respectively, are joined in series
with the main supply line of water. The velocity of water flowing in pipe P is

(A) 4 times that of Q (B) 2 times that of Q

(C) 1/2 times that of Q (D) 1/4 times that of Q
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18.» 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 holes are the same. Then radius R, is

equal to : [JEE - 2000, 2/105]
Ayli -§>V
4y .\:}:} 1
//// //// |
2R >
i)
(A) (B) 2nL ©L (D) —
N2 2n
19. A cup of water is placed in a car moving at a constant acceleration a to the left. Inside the water is a
small air bubble. The figure that correctly shows the shape of the water surface and the direction of
motion of the air bubble is. [Olympiad (State-1) 2016]
a
4—
(A)
(A)A (B)B ©c (D) D
20._  Two identical solid block A and B are made of two different materials. Block A floats in a liquid with half

of its volume submerged. When block B is pasted over A, the combination is found to just float in the

liquid. The ratio of the densities of the liquid, material of A and material of B is given by
[Olympiad (Stage-1) 2017]

(A)1:2:3 (B)2:1:4 (C)2:1:3 (D)1:3:2

21._ A hollow sphere of inner radius 9 cm and outer radius 10 cm floats half submerged in a liquid of specific
gravity 0.8. The density of the material of the spere is [Olympiad (Stage-1) 2017]
(A) 0.84g cm™3 (B) 1. 48g cm3 (C) 1.84g cm3 (D) 1.24g cm-3

PART -1l : SINGLE AND DOUBLE VALUE INTEGER TYPE

1w A closed tube in the form of an equilateral triangle of side ¢ = 3m contains equal volumes of three
liquids which do not mix and is placed vertically with its lowest side horizontal. Find 'x' (in meter) in the
figure if the densities of the liquids are in A.P.

—X—

2.a An open tank 10 m long and 2m deep is filled upto height 1.5 m of oil of specific gravity 0.80. The tank
is accelerated uniformly from rest to a speed of 10 m/sec. The shortest time (in seconds) in which this
speed may be attained without spilling any oil (in sec). [g = 10m/s?]
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3xn

5x»

6.

A stick of square cross-section (5 cm x 5 cm) and length ‘4m’
weighs 2.5 kg is in equilibrium as shown in the figure below.
Determine its angle of inclination (in degree) in equilibrium
when the water surface is 1 m above the hinge.

Figure shows a cubical block of side 10 cm and relative density 1.5
suspended by a wire of cross sectional area 10~® m2. The breaking stress of
the wire is 7 x 108 N/m2. The block is placed in a beaker of base area 200 cm?
and initially i.e. at t = 0, the top surface of water & the block coincide. There is
a pump at the bottom corner which ejects 2 cm? of water per sec constantly. If
the time at which the wire will break is (20)a (in second) then find ‘o’ .

\

Pump

A cylindrical vessel filled with water upto a height of 2m stands on horizontal plane. The side wall of the vessel
has a plugged circular hole touching the bottom. If the minimum diameter of the hole so that the vessel begins

to move on the floor if the plug is removed is meter then x will be (if the coefficient of friction between the

X
10m

bottom of the vessel and the plane is 0.4 and total mass of water plus vessel is 100 kg.)

A tank containing gasoline is sealed and the gasoline is under LLLfluL
pressure Po as shown in the figure. The stored gasoline has a density e
of 660 kg m=2. A sniper fires a rifle bullet into the gasoline tank, making - Gasclre: - -
a small hole 53 m below the surface of gasoline. The total height of % [e=660ka/m”: ::

gasoline is 73 m from the base. The jet of gasoline shooting out of the
hole strikes the ground at a distance of 80 m from the tank initially. If
the pressure above the gasoline surface is (1.39)a x 10° N/m? than a
is- (The local atmospheric pressure is 105 Nm2)

\"

e5He—Z—>

= 80m—>

A large open top container of negligible mass and uniform cross—sectional area A has a small hole of

cross—sectional area % in its side wall near the bottom. The container is kept on a smooth horizontal

floor and contains a liquid of density p and mass mo. Assuming that the liquid starts flowing out
horizontally through the hole at t = 0, The acceleration of the container is % m/s? than x is.

[JEE - 1997 Cancel, 5/100]

A non-viscous liquid of constant density 1000 kg/m?® flows in a streamline motion along a tube of variable
cross section. The tube is kept inclined in the vertical plane as shown in the figure. The area of cross-section of
the tube at two points P and Q at heights of 2 meters and 5 meters are respectively 4 x 10 m? and
8 x 10~ m2. The velocity of the liquid at point P is 1 m/s. If the work done per unit volume by the pressure is
(1161) o joule/m? as the liquid flows from point P to Q.then o will be (g = 9.8 m/s?) [JEE - 1997, 5/100]

Q

2m

Water shoots out of a pipe and nozzle as shown in the figure. The cross—sectional
area for the tube at point A is four times that of the nozzle. The pressure of water at
point A is 41 x 10° Nm~2 (guage). If the height ‘h’ above the nozzle to which water
jet will shoot is x/10 meter than x is. (Neglect all the losses occurred in the above
process) [g = 10 m/s?]
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PART - Il : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE

1=

2.3

An air bubble in a water tank rises from the bottom to the top. Which of the following statements are true ?
(A) Bubble rises upwards because pressure at the bottom is less than that at the top.

(B) Bubble rises upwards because pressure at the bottom is greater than that at the top.

(C) As the bubble rises, its size increases.

(D) As the bubble rises, its size decreases.

Pressure gradient in a static fluid is represented by (z-direction is vertically upwards, and x-axis is
along horizontal, d is density of fluid) :

op op op op
A) —=-d B) — =d C) — =0 D) — =
()az g ()6x g ()ax ()az
The vessel shown in Figure has two sections of area of cross-section Ax and Az. A liquid of density p
fills both the sections, up to height h in each. Neglecting atomospheric pressure,

Ipe

1

(A) the pressure at the base of the veselis2h p g

(B) the weight of the liquid in vessel is equal to 2 h p gA2

(C) the force exerted by the liquid on the base of vesselis 2 h p g A2

(D) the walls of the vessel at the level X exert a force h p g (A2 — A1) downwards on the liquid.

A cubical block of wood of edge 10cm and mass 0.92kg floats on a tank of water with oil of rel. density
0.6. Thickness of oil is 4cm above water. When the block attains equilibrium with four of its sides edges
vertical:

(A) 1 cm of it will be above the free surface of oil.

(B) 5 cm of it will be under water.

(C) 2 cm of it will be above the common surface of oil and water.

(D) 8 cm of it will be under water.

Following are some statements about buoyant force, select incorrect statement/statements (Liquid is of

uniform density)

(A) Buoyant force depends upon orientation of the concerned body inside the liquid.

(B) Buoyant force depends upon the density of the body immersed.

(C) Buoyant force depends on the fact whether the system is on moon or on the earth.

(D) Buoyant force depends upon the depth at which the body (fully immersed in the liquid) is placed
inside the liquid.

A wooden block with a coin placed on its top, floats in water as shown in figure. The distance ¢ and h
are shown here. After some time the coin falls into the water. Then : [JEE-2002 (Screening), 3/105]
coin —

4

e

(A) ¢ decreases and h increase (B) ¢ increases and h decreases
(C) both ¢ and h increases (D) both ¢ and h decrease
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7.5

8.»

A block of density 2000 kg/m?® and mass 10 kg is suspended by a spring stiffness 100 N/m. The other
end of the spring is attached to a fixed support. The block is completely submerged in a liquid of density
1000 kg/m3 If the block is in equilibrium position then,

(A) the elongation of the spring is 1 cm.

(B) the magnitude of buoyant force acting on the block is 50 N.

(C) the spring potential energy is 12.5 J.

(D) magnitude of spring force on the block is greater than the weight of the block.

A cylindrical vessel of 90 cm height is kept filled upto the brim as shown in the figure. It has four holes
1, 2, 3, 4 which are respectively at heights of 20cm, 30 cm, 40 cm and 50 cm from the horizontal floor
PQ. The water falling at the maximum horizontal distance from the vessel comes from

P Q
(A) hole number 4 (B) hole number 3 (C) hole number 2 (D) hole number 1.

PART - IV : COMPREHENSION

Comprehension-1

The figure shows the commonly observed decrease in diameter of a water stream as it falls from a tap.
The tap has internal diameter Do and is connected to a large tank of water. The surface of the water is
at a height b above the end of the tap.

By considering the dynamics of a thin “cylinder” of water in the stream answer the following: (Ignore any
resistance to the flow and any effects of surface tension, given pw = density of water)

A
b
y = D,.Vv,
X e
b
_> 4—
Dyv

Equation for the flow rate, i.e. the mass of water flowing through a given point in the stream per unit
time, as function of the water speed v will be
(A)vpwrnD?/4 (B) Vpw(n D%4—nDo?/4) (C) vpwnD?2/2 (D) vpwn Do?/ 4

Which of the following equation expresses the fact that the flow rate at the tap is the same as at the
stream point with diameter D and velocity v (i.e. D in terms of Do, vo and v will be) :

2
(A) D =2e%e (8)D = Yo (C)p= 2 (D) D = Do f"—(’
% Vv, Y
The equation for the water speed v as a function of the distance x below the tap will be :
(A)v = 2gb (B)v=[2g (b+x)*2 (C)v= 2gx (D) v = [2g (b — x)]**
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4. Equation for the stream diameter D in terms of x and Do will be :
1/4 1/2 2
(A) D =Do b (B) D = Do b (C) D =Do b (D) D = Do b
b+x b+x b+x b+x
5. A student observes after setting up this experiment that for a tap with Do = 1 cm at x = 0.3 m the stream
diameter D = 0.9 cm. The heights b of the water above the tap in this case will be :
(A)5.7cm (B) 57 cm (C) 27 cm (D) 2.7 cm

Comprehension-2

One way of measuring a person’s body fat content is by “weighing” them under water. This works
because fat tends to float on water as it is less dense than water. On the other hand muscle and bone
tend to sink as they are more dense. Knowing your “weight” under water as well as your real weight out
of water, the percentage of your body’s volume that is made up of fat can easily be estimated. This is
only an estimate since it assumes that your body is made up of only two substances, fat (low density)
and everything else (high density). The “weight” is measured by spring balance both inside and outside
the water. Quotes are placed around weight to indicate that the measurement read on the scale is not
your true weight, i.e. the force applied to your body by gravity, but a measurement of the net downward
force on the scale.

6.m Ram and Shyam are having the same weight when measured outside the water. When measured
under water, it is found that weight of Ram is more than that of Shyam, then we can say that
(A) Ram is having more fat content than Shyam.
(B) Shyam is having more fat content that Ram.
(C) Ram and Shyam both are having the same fat content.
(D) None of these.

-\ Ram is being weighed by the spring balance in two different situations. First when he was fully
immersed in water and the second time when he was partially immersed in water, then
(A) Reading will be more in the first case. (B) Reading will be more in the second case.
(C) Reading would be same in both the cases. (D) Reading will depend upon experimental setup.

8.a Salt water is denser than fresh water. If Ram is immersed fully first in salt water and then in fresh water
and weighed, then
(A) Reading would be less in salt water.
(B) Reading would be more in salt water.
(C) Reading would be the same in both the cases.
(D) reading could be less or more.

9.m A person of mass 165 Kg having one fourth of his volume consisting of fat (relative density 0.4) and rest

of the volume consisting of everything else (average relative density %) is weighed under water by the

spring balance. The reading shown by the spring balance is -
(A)15N (B)65N (C)150N (D) 165N

10.= Inthe above question if the spring is cut, the acceleration of the person just after cutting the spring is
(A) zero (B) 1 m/s? (C) 9.8 m/s? (D) 0.91 m/s?

® Corp. / Reg. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
/\ I Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN : U80302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Fluid Mechanics ﬂ—

~\
-
J

w Marked Questions can be used as Revision Questions.

PART - | : JEE (ADVANCED) / lIT-JEE PROBLEMS (PREVIOUS YEARS)

Comprehension-1

1=

2.3

3=

A wooden cylinder of diameter 4r, height H and density p/3 is kept on a hole of diameter 2r of a tank,
filled with liquid of density p as shown in the figure.

If level of the liquid starts decreasing slowly when the level of liquid is at a height h1 above the cylinder
the block starts moving up. At what value of hz, will the block rise : [IT-JEE 2006, 5/184]

i

(A) % (B) — C©) — (D) Remains same

The block in the above question is maintained at the position by external means and the level of liquid
is lowered. The height h2 when this external force reduces to zero is [IT-JEE 2006, 5/184]

(A) 4H (B) gy (C) Remains same (D) 2
9 9 3
If height h2 of water level is further decreased then, [IT-JEE 2006, 5/184]

(A) cylinder will not move up and remains at its original position.
(B) for h2 = H/3, cylinder again starts moving up
(C) for h2 = H/4, cylinder again starts moving up

(D) for h2 = H/5 cylinder again starts moving up

Comprehension-2

A fixed thermally conducting cylinder has a radius R and height Lo. The cylinder is open at its bottom

and has a small hole at its top. A piston of mass M is held at a distance L from the top surface, as

shown in the figure. The atmospheric pressure is Po. [IT-JEE 2007, 4 x 3/184]
k—2R—

LO

|

Piston

K3
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4, =

The piston is now pulled out slowly and held at a distance 2L from the top. The pressure in the cylinder
between its top and the piston will then be

Mg
nR?

Mg
nR?

While the piston is at a distance 2L from the top, the hole at the top is sealed. The piston is then

(A) Po ® > © 2+ ©) -

released, to a position where it can stay in equilibrium. In this condition, the distance of the piston from

the top is
2P, nR? P,nR* —Mg
(A) (mj(ﬂ) (B) (—nRZPO j(2L)
P,mR* + Mg P,nR?
©) [W](ZL) (D) (—nRZPO — MgJ(ZL)

The piston is taken completely out of the cylinder. The hole at the top is sealed. A water tank is brought
below the cylinder and put in a position so that the water surface in the tank is at the same level as the
top of the cylinder as shown in the figure. The density of the water is p. In equilibrium, the height H of

the water column in the cylinder satisfies

fTrrrrrrrrerrrrrnnd
—
o

S SR EEEE

I ::::::::&::::

- - - - - - -" -"-"-"-"-"-"-"-- =
(A) pg (Lo—H)2+Po(Lo—H) +LoPo=0 (B) pg (Lo—H)2—=Po (Lo—H) — LoPo =0
(C)pg(Lo—H)?+ Po (Lo—H) — LoPo =0 (D) p g (Lo—H)?—Po (Lo— H) + LoPo =0

STATEMENT -1 : The stream of water flowing at high speed from a garden hose pipe tends to spread

like a fountain when held vertically up, but tends to narrow down when held vertically down.

and

STATEMENT -2 : In any steady flow of an incompressible fluid, the volume flow rate of the fluid

remains constant. [IT-JEE 2008, 3/162]

(A) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is a correct explanation for
STATEMENT-1

(B) STATEMENT-1 is True, STATEMENT-2 is True; STATEMENT-2 is NOT a correct explanation for
STATEMENT-1

(C) STATEMENT-1 is True, STATEMENT-2 is False

(D) STATEMENT-1 is False, STATEMENT-2 is True.
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8.

Column Il shows five systems in which two objects are labelled as X and Y. Also in each case a point P
is shown. Column | gives some statements about X and and/or Y. Match these statements to the

appropriate system(s) from Column II. [NT-JEE 2009, 8/160]
Column | Column |
(A) The force exerted by X on Y has a (P) Y

magnitude Mg. X

P
Block Y of mass M left on a fixed inclined
plane X, slides on it with a constant velocity.

(B) The gravitational potential energy of X (q) P
is continuously increasing, BE
=221
L DY
X |

Two ring magnets Y and Z, each of mass M,
are kept in frictionless vertical plastic stand so
that they repel each other. Y rests on the base
X and Z hangs in air in equilibrium. P is the
topmost point of the stand on the common
axis of the two rings. The whole system is in a
lift that is going up with a constant velocity.

(C) Mechanical energy of the system X +Y (r)

is continuously decreasing. P v

X|£l

A pulley Y of mass mo is fixed to a table
through a clamp X. A block of mass M hangs
from a string that goes over the pulley and is
fixed at point P of the table. The whole system
is kept in a lift that is going
down with a constant velocity.

(D) The torque of the weight of Y about (S)

point P is zero.

A sphere Y of mass M is put in a nonviscous
liquid X kept in a container at rest. The sphere
is released and it moves down in the liquid.

(®)

A sphere Y of mass M is falling with its
terminal velocity in a viscous liquid X kept in a
container.
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9.

10*. =

11* =

12.

13.

A cylindrical vessel of height 500 mm has an orifice (small hole) at its bottom. The orifice is initially
closed and water is filled in it up to height H. Now the top is completely sealed with a cap and the orifice
at the bottom is opened. Some water comes out from the orifice and the water level in the vessel
becomes steady with height of water column being 200 mm. Find the fall in height (in mm) of water
level due to opening of the orifice. [Take atmospheric pressure = 1.0 x 10> N/mZ2, density of water
= 1000 kg/m?3 and g = 10 m/s2. Neglect any effect of surface tension] [IT-JEE 2009, 4/160, -1]

Two solid spheres A and B of equal volumes but of different densities da and ds are connected by a
string. They are fully immersed in a fluid of density dr. They get arranged into an equilibrium state as
shown in the figure with a tension in the string. The arrangement is possible only if

[NT-JEE 2011, 4/160]

(A) da<dr (B) ds > dr (C) da>dF (D) da + ds = 2dF

A solid sphere of radius R and density p is attached to one end of a mass-less spring of force constant
k. The other end of the spring is connected to another solid sphere of radius R and density 3p. The
complete arrangement is placed in a liquid of density 2p and is allowed to reach equilibrium. The

correct statement(s) is (are) [JEE (Advanced)-2013, 3/60, —1]
3 3

(A) the net elongation of the spring is % (B) the net elongation of the spring is 8n§kpg

(C) the light sphere is partially submerged. (D) the light sphere is completely submerged.

Paragraph for Question 12 to 13
A spray gun is shown in the figure where a piston pushes air out of a nozzle. A thin tube of uniform
cross section is connected to the nozzle. The other end of the tube is in a small liquid container. As the
piston pushes air through the nozzle, the liquid from the container rises into the nozzle and is sprayed
out. For the spray gun shown, the radii of the piston and the nozzle are 20 mm and 1mm respectively.
The upper end of the container is open to the atmosphere.

If the piston is pushed at a speed of 5mms~1, the air comes out of the nozzle with a speed of
[JEE (Advanced) 2014, 3/60, -1]
(A) 0.1ms™ (B) Ims— (C) 2ms™ (D) 8ms™!

If the density of air is pa and that of the liquid p,, then for a given piston speed the rate (volume per unit

time) at which the liquid is sprayed will be proportional to [JEE (Advanced) 2014, 3/60, —1]
® [ (B) \pup. © [ (D) pi
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14. A person in a lift is holding a water jar, which has a small hole at the lower end of its side. When the lift
is at rest, the water jet coming out of the hole hits the floor of the lift at a distance d = 1.2 m from the
person. In the following, state of the lift's motion is given in List - | and the distance where the water jet
hits the floor of the lift is given in List - Il. Match the statements from List - | with those in List- Il and
select the correct answer using the code given below the lists. [JEE (Advanced)-2014, 3/60, —1]

List -l List-II
P. Liftis accelerating vertically up. 1.d=12m
Q. Liftis accelerating vertically down 2.d>1.2m
with an acceleration less than the
gravitational acceleration.
R. Listis moving vertically up with constant Speed 3.d<12m
S. Liftis falling freely. 4. No water leaks out of the jar
Code:
(A) P-2,Q-3,R-2,S-4 (B)P-2,Q-3,R-1,S-4 (C)P-1,Q-1,R-1,S-4 (D) P-2,Q-3,R-1, S-1
PART - Il : JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARS)

1. A jar is filled with two non-mixing liquids 1 and 2 having densities p1 and p2, respectively. A solid ball,
made of a material of density ps, is dropped in the jar. It comes to equilibrium in the position shown in
the figure. [AIEEE 2008, 4/300]
Which of the following is true for p1, p2 and ps ?

(1) p1> p3 > p2 (2) pr<p2< p3 () pr<ps< p2 (4) p3<p1< p2

2.n A ball is made of a material of density p where poil < p < pwater With poil @nd pwater representing the
densities of oil and water, respectively. The oil and water are immiscible. If the above ball is in
equilibrium in a mixture of this oil and water, which of the following pictures represents its equilibrium
position? [AIEEE 2010, 4/144]]

C Water 1322 @
ZZccEas Qil
(1) 2) OF—¢@ ®
Qil Oil ~ Water 2-:°

3w Water is flowing continuously from a tap having an internal diameter 8 x 103 m. The water velocity as it
leaves the tap is 0.4 ms—. The diameter of the water stream at a distance 2 x 101 m below the tap is
close to : [AIEEE - 2011, 4/120, -1]
(1)5.0x 103 m (2)7.5x103m (3)9.6 x 103 m (4)3.6 x103m

4, A wooden cube (density of wood ‘d’) of side ‘¢’ floats in a liquid of density ‘p’ with its upper and lower

surfaces horizontal. If the cube is pushed slightly down and released, it performs simple harmonic
motion of period ‘T’. Then, ‘T’ is equal to : [AIEEE 2011, 11 May; 4/120, -1]

¢d (p (d (p
1) 2n |— 2) 21 |— 3) 2 4) 2
@) 2m @) 2[4 @ 2m g @ 2m [ 0

/\

® Corp. / Reg. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
I Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN : U80302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Fluid Mechanics ﬂ—

5. A uniform cylinder of length L and mass M having cross - sectional area A is suspended, with its length
vertical, from a fixed point by a massless spring such that it is half submerged in a liquid of density ¢ at
equilibrium position. The extension Xo of the spring when it is in equilibrium is :[JEE (Main) 2013, 4/120,-1]

Mg Mg LAc Mg LAc Mg LAc
1) — 2) —(1 _VJ 3) 7(1 - j (4) —(1+ VJ

k k M k

6.2 There is a circular tube in a vertical plane. Two liquids which do not mix and of densities d: and d. are
filled in the tube. Each liquid subtands 90° angle at centre. Radius joining their interface makes an

angle o with vertical. Ratio g—l is : [JEE(Main) 2014, 4/120, -1]
2
B
d,
d;

1+sina 1+cosa 1+tana 1+sina
(1) ——— (2= % (4) ————

1-sina 1-cosa 1-tana 1-cosa
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Bl Answers
EXERCISE-1 EXERCISE-2
PART - | PART - |
Section (A) : 1. (D) 2. (B) 3. (B)
A-1.  Sharp kinife applies more pressure as compare 4. (A) 5. (B) 6. (A)
to blunt knife because of lesser area of contact. 7. © 8. (A) 9. (B)
A-2. It has high specific gravity. 10. (B) 11. (A) 12. (B)
A-3. 500 kg/m3, 0.5 13. (A) 14. (B) 15. (D)
A-4.  If g=10m/s2, 253200 N/m? 16. (B) 17. (A) 18. (A)
Section (B) - 19. (D)  20. () 21 (B)
B-1. 10cm B-2. 19.6m, 4 sec PART - I
B-3. 1. 1 2. 10 3. 30
4, 5 5. 2 6. 2
T 7. 2 8. 25 9. 32
PART - 1l
S > 1. (BC) 2 (AC) 3. (ACD)
Section (C) : 4. (CD) 5. (ABD) 6. (D)
C-1. 6.43 x 10“m3/s [ (BC) 8. (AB)
_ 10 s = /_'_50 T . PART - IV
C-2. v—%ms—4.1ms,v—ﬁms—21ms, 1 ) 5 D) 3 ®)
Av = 8.1 x 103 m? /sec R ' ()
C-3 (i) 25 cm/s, (ii) 50 cm/s (iii) 93.75 N/m? R(C) W ()
C-4. (i) 25 cmis, (ii) 50 cm/s (iii) zero 10.  ©
C-5. 187.5 N/m? EXERCISE-3
1/2 =
C6.  Vimax= ( 2Pam j e
p 1. (©) 2. (A) 3. (A)
PART - Il 4. (A) 5. (D) 6. ©)
Section (A) : 7. (A)
A-l. (C) A2. (A A-3. (A 8. (A) = (p), ® ; (B) —>(a), (s), (1);
A-4. (B) A-5. (i) (A), (i) (C) (C) > (p), (N, ®; (D) = (a)

. 9. 6 10. (ABD) 11. (AD)
Section (B) : 2. () 13. (A 14 (O
B-1. (D) B-2. (A B-3. (A)

B-4. (A B-5. (C) B-6. (C) PART - Il
B-7. (A B-8 (©) 1. 3) 2. 2) 3. (4)
Section (C) 4, Q) 5. 3) 6. 3)
c-1. (C) C2. (©) cC3 (0
cC4. A C-5. (B) c-6. (A
Cc-7.  (B) c-8. (D)
PART - 1l
1. A—-p;B->q;Co>t;D>s
2. A->q;B->p;C>r; D>s
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Il High Level Problems (HLP)

SUBJECTIVE QUESTIONS

A ball of density d is dropped onto a horizontal solid surface. It bounces elastically from the surface and
returns to its original position in a time t1. Next, the ball is released and it falls through the same height
before striking the surface of a liquid of density d.. [JEE-1992, 8 Marks]
(a) If d <d., obtain an expression (in terms of d, t1 and dv.) for the time tz the ball takes to come back to
the position from which it was released.
(b) Is the motion of the ball simple harmonic?
(c) If d=dL, how does the speed of the ball depend on its depth inside the liquid ?
Neglect all frictional and other dissipative forces. Assume the depth of the liquid to be large.

Two identical cylindrical vessels with their bases at the same level each contain a liquid of density p as
shown in figure. The height of the liquid in one vessel is h2 and other vessels hi, the area of either base
is A. Find the work done by gravity in equalizing the levels when the two vessels are connected.

—

—-

Figure (1) Figure (2)

A cyllindrical wooden stick of length L, and radius R and density p has a small metal piece of mass m
(of negligible volume) attached to its one end. Find the minimum value for the mass m (in terms of
given parameters) that would make the stick float vertically in equilibrium in a liquid of density
c (>p). [JEE - 1999, 10/100]

A container of large uniform cross—sectional area A resting on a horizontal surface, holds two
immiscible, non-viscous and incompressible liquids of densities d and 2d, each of height 5 as shown
in figure. The lower density liquid is open to the atmosphere having pressure Po. [JEE - 1995, 5 + 5M]

(a) A homogeneous solid cylinder of length L (L < g) cross—sectional area % is immersed such that it

floats with its axis vertical at the liquid—liquid interface with the length % in the denser liquid.

Determine:

H/2 |::

H/2

—x—>
(i) The density D of the solid and (ii) The total pressure at the bottom of the container.
(b) The cylinder is removed and the original arrangement is restored. A tiny hole of area s (s << A) is

punched on the vertical side of the container at a height h [h < (gn . Determine :

(i) The initial speed of efflux of the liquid at the hole

(i) The horizontal distance x travelled by the liquid initially and

(iii) The height hm at which the hole should be punched so that the liquid travels the maximum
distance xm initially. Also calculate xm. [Neglect air resistance in these calculations]
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Fluid Mechanics ﬂ—

5. A container of cross-section area ‘S’ and height ‘h’ is filled with mercury up to the brim. Then the
container is sealed airtight and a hole of small cross section area ' S/n' (where ‘n’ is a positive constant)
is punched in its bottom. Find out the time interval upto which the mercury will come out from the
bottom hole. [Take the atmospheric pressure to be equal to ho height of mercury column: h > ho]

6. A Pitot tube is shown in figure. Wind blows in the direction shown. Air at inlet A is brought to rest,
whereas its speed just outside of opening B is unchanged. The U tube contains mercury of density pm.
Find the speed of wind with respect to Pitot tube. Neglect the height difference between A and B and
take the density of air as pa.

7. One end of a long iron chain of linear mass density A is fixed to a sphere of mass
m and specific density 1/3 while the other end is free. The sphere along with the
chain is immersed in a deep lake. If specific density of iron is 7, the height h
above the bed of the lake at which the sphere will float in equilibrium is (Assume
that the part of the chain lying on the bottom of the lake exerts negligible force on
the upper part of the chain.) :

8. Two very large open tanks A & F both contain the same liquid. A horizontal pipe BCD, having a small
constriction at C, leads out of the bottom of tank A, and a vertical pipe E containing air opens into the
constriction at C and dips into the liquid in tank F. Assume streamline flow and no viscosity. If the cross
section area at C is one-half that at D, and if D is at distance h: below the level of the liquid in A, to
what height hz will liquid rise in pipe E? Express your answer in terms of hi. [Neglect changes in
atmospheric pressure with elevation. In the containers there is atmosphere above the water surface
and D is also open to atmosphere.]

P

9. A side wall of a wide open tank is provided with a narrowing tube (as shown in figure) throught which
water flows out. The cross-sectional area of the tube decrease from S = 3.0 cm? to s = 1.0 cm?. The
water level in the tank is h = 4.6 m higher than that in the tube. Neglecting the viscosity of the water,
find the horizontal component of the force tending to pull the tube out of the tank.
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Fluid Mechanics ﬂ—

10.

11.

Bl HLP Answers

1.

The horizontal bottom of a wide vessel with an ideal fluid has a round orifice of radius R1 over which a
round closed cylinder is mounted, whose radius Rz > Ri. The clearance between the cylinder and the
bottom of the vessel is very small, the fluid density is p. Find the static pressure of the fluid in the
clearance as a function of the distance r from the axis of the orifice (and the cylinder), if the height of
the fluid is equal to h.

[

1

1

1

1
A

=

L}

H bt

Water flows out of a big tank along a tube bent at right angles, the inside radius of the tube is equal to
r = 0.50 cm. The length of the horizontal section of the tube is equal to / = 22 cm.The water flow rate is
Q = 0.50 litres per second. Find the moment of reaction forces of flowing water, acting on the tube’s
walls, relative to the point O.

(a)tl—dL (b) No (c)v:gt—lzconstant 5. t=n z(h—h) 6. v= 2(Prn —pa)ON
d - d 2 g P

A
gTf)(hl -h,)* 3. m > L (\ps —p) 7. ;—T 8. hz=3h
. . 5
(a) (i) Density = Zd 9. F = pgh (S-5s)%S =6N

10. p = po + pgh (1 - R2/r2), where R1 < r < Ry,
(i) Pressure = Po +% (6 H+L)dg 1

po is the atmospheric pressure.

() () v = /%(3H—4h) (iiy x = Jh(3H—4h) 11.  N=plQ¥nr2=0.7 Nam.

(iii) Xmax = gH, Nmax :3—H
4 8
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Fluid Mechanics ﬂ_

HINT & SOLUTION OF FLUID MECHANICS
EXERCISE-1

PART - |

A-1.

A-3.

A-4.n

A-5.

B-1.

B-2.»=

B-3.

C-1.

Sharp kinife applies more pressure as compare to blunt knife because of lesser area of contact.

It has high specific gravity.

p=hpg
15x1083=3xpx 10
p =500 kg/m3
S :i = ﬂ =05
Pw 1000

ot o g[ 175 J(H2) L (75 o[ 28 o(£2) _p
TP S T00) TP 200) " P®l1200) P %100 " P®l 100 Y

Solving Px— Py =253200 N/m? (g = 10 m/sec?)

Initially {O’L—Z"ga‘} (a)? +[M2399a} (a?) = 2.5 pga®

Finally {02"9&} (2a?) = 2pga’

Difference = 0.5 pga? [Which is one fifth of initial]

p(a? (2) =2009
but p = 1 gm/cm?3
a=10cm.

In watera =g

PwVg
% pPwV9
2

So, by symmetry in air and water in acceleration distance travelled = 19.6 m.
t=22h/g = 242x19.6/9.8 =4 sec.

Till the top edge reaches the surface of water. Tension = weight — buoyant force and buoyant force till
then is constant. When plate is partially in water and partially in air, then as plate move up buoyant
force decreases and when plate comes out tension again becomes constant or T = Weight.

Avi = Aovz 0]
1 1 ..
P11+ EpV12+0:P2+ EpV22+O .............. (ll)
Given, P1 — P2 =10 N/m?2
p=1.25x103
rr=0.1m
ro=0.04 m

Solving, rate of flow of glycerin = A1V1 = A2V2 = 6.43 x 10~* m3/sec.
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Fluid Mechanics

C-2. av' = Av
A=5a
V' = 5v
1 1
Pa + EPVA2 +0=Pa+ EpVa2
but Pa =0 and Pa =2 atm
Solving Av = 8.1 x 10~ m3/sec.
C-3. Awvi = Axv2
(i) 10 cm3/s = 40 mm?2 x v or vx = 25 cm/s
(i) 10 cm3/s = 20 mm?2 x vy or vy =50 cm/s
1 1
Py + Epsz = Py + EpVy2
2 2
1 1 1 1 1
Px—Py= —pw?— —pv? = = x1000 || = | —| =
YT PV TP TS [[2] (4)}
or Px— Py = 93.75 N/m? .
C-4. Awvi = Azvz
1 1
Py+ EpVy2+0: Px + EpVyz"‘ pgh
_1 o
Px—Py= Ep(vy - Vi) —pgh
2 2
Py —Py=21000|( = | =[] |- 1000 x 10 x =2
2 2 4 1600
Px— Py =0
C-5. Aivi = Axv2
Py+ %pVyZ‘F pgh =Px+ %pVX2+O.
_1 2 2
Px— Py = Ep(vy —v;)+pgh
2 2
Px—Py=11000 l - 1 + 1000 x 10 x 15
2 2 4 1600
Px — Py = 187.5 N/m?2
C-6.= through Bernoulli’s equation
If pressure becomes zero, then velocity will be maximum
1/2
2
Pam+0=0 + l pVﬁqax Vmax = (M]
2 p
PART - I
A-1.  pg(H-h)
Thrust is equal to pressure at that point.
A-2.  F=[pgh] [A]

= (1000) (10) (6) (10) (8).
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Fluid Mechanics 7

A3 M9 _ M9
Al A2
Solving mz = 3.75 Kkg.

A-4. Wa > Weg as mass of water in A is more than in B

Pa=Ps

Area of A = Area of B
or Pa Areaa = Ps Areas
or Fa=Fg.

A5, (a=z=ao(i—j+Kk)

As there is no gravity; the pressure difference will be only due to the acceleration.

At point B the pseudo force is maximum hence pressure is maximum.
(i) At point H the pseudo force is minimum hence pressure is minimum

B-1. AV = Vi — Vi SLUNLL
X
B-2. mg=60 0]
mg—-pivg=40 (ii)

mg-p,vg_2 o
mg 3 P,
where po = density of the blo

B-3. AU =mgh
AU = obVgh

B-4. Wapp =mg-— Fs
Wapp = pVg — pwVg
=(p—pw) Vg

ck and p. = density of the liquid.

= (7pw— pw) Vg = 6 pw Vg

B-5. 103 x % +13.5 x 108 x % =

or p = 3.5 x 108 kg/m?

B-6.w [36 — pvi]g = [48 — pr V2]g

px1

e

Solving
po = 3.

B-7. In stable equilibrium the object comes to its original state if disturbed.

B-8.  As, weight = Buoyant force

mg =[100 x 6 x 0.6 g] + (100 x 1 x 4)g

C-1. R=wt
= J2gD 2H-D)
g
= 2\JbH-D) .

m = 760 gm.
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Fluid Mechanics
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C-2. x=2,h(H-h)
for Xmax d_x: 0 or h=—
dh
C-3.  from equation of continuity
(Ax3)=(Ax15)+(15AxV) = V=1m/s?
C-4.  From continuity equation, velocity at cross-section (1) is more than that at cross-section (2).
2) (1)
Hence; P1<P:2
C-5. Fihrust = pav2
Fret = F1 — F2 = ap[2g(h1 — h2)]
= ap(2gh)
or Foh
C-6.=
R=0.08 m
l ~
1S
©
o
1l
< r=>5x10"m
A /4
A1 vi1 = Azvz
nR? dh/dt = wr? v ....(i)
v =.,/2gh (i)
from equation (ii) put the value of v in equation (i)
nR? dh/dt = nr? AIZgh
R?dh
[7—==[at
r<y2gh
R?> fdh ¢
NN
r"y29 s Jvh o
2
T= R_2 2_h
r g
on solving t = 46.26 second.
C-7.  Thrust on curved surface =<p > 2nRH
=15 . 27R(10)
Force on bottom
—<p>7nR% =20 .nR?
15 2R (10) = 20 ©R2
. R=15m
® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
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Fluid Mechanics

C-8.

Thrust force
F = ID'AVreI2
Ve =(V-V)

. 2
. Fav,

PART - Il

1=

2.n

Pressure varies with height = P = pgh
and is horizontal with acceleration = P = p/a
so on (A) pgh part is zero while average force of pax is

0+pla 5
2122 | g

3
= @((2) = w a= E
2 2 2
In (B) pfa part is zero while average force of pgx is

{0+2pg€} [(2]: p_zg (£3)

_p(°) .y _ Mg
T 975

Similarly for other part

(A) On ABCD avg pressure = {_O +glgh:|

2
(A) ABCD = [0+_glgh} So E = {plgh} (eh] = plgzh ¢

(B) No contact of p2 and not any pressure on ABCD due to p2
(C) On CDEF due to p1, at every point pressure is pigh so average is also pigh

so F = (pigh) (h?) = pigh2/

(D) On CDEF force due to liquid of density pz is

EXERCISE - 2

PART - |

Fo = % = Vvl = 2V [pL)=\ZpvL

Pressure exerted by fluid at closed end B is P = pg/

Force exerted by fluid at closed end B is F = PA = /pg Ao
For the given situation, liquid of density 2 p should be behind that of p.

From right limb :
Pa = Pam + pgh

[pgh*t]
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Fluid Mechanics ﬂ_

PB:PA"‘pag:Patm'i' pgh+pag

Pc:PB+(2p)ag:Patm+pgh+%paf ()

But from left limb :
Pc = Pam + (2p) gh e (2)
From (1) and (2) :

Patm + %pgh + pal = Pam + 2pgh —~ h=32, Ans.

4, No sliding = pure rolling
Therefore, acceleration of the tube = 2a (since COM of cylinders are moving at 'a’)

A
Pa = Pam + p(2a) L (From horizontal limb)
Also; Pa=Pam+pgH (From vertical limb) = a :% Ans.
5. (B) As long as p < pw, pressure at the bottom of the pan would be same everywhere, according to the
Pascal’s law.
6. The four piston are initially in equilibrium. As additional force F is applied to each piston, the pressure in

fluid at each point must be increased by % so that each piston retains state of equilibrium.

F+F

F,+F
Thus the increment in pressure at each pointis AP = F/A (by Pascal’'s law)

7. Since not touching,
So, R = Fp = pi(vg) = 40g.
R’ — R = 80g — 409 = 40g
Hence R’ will be 40g more than R

hi2 —
8.

Velocity of efflux of water (v) = ZQ(E) = Jgh

Force on ejected water = Rate of change of momentum of ejected water.
=p(av) (v) =pav?

Torque of these forces about central line

= (pav?) 2R.2 = 4pav’R =4p agh R
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Fluid Mechanics ﬂ_

9. F.B.D. of rod
W =(0.012) (1) (2 x 103) (10) =240 N
Fp =(0.012) (1) (10%) (10) =120 N

45N F,=120N

W=240 N
Torque about O
(For equilibrium

(240 — 120) [%) = 45 (cos o)

= tana = ﬂz — = o=37°
120 4
10. Torque about CM
Fb.% =la
1 4 nr?e?
= a=1@DOE O § o= S0

‘o’ will be same for all points on cylinder
Hence (B).

11. Increasing the temperature of water from 2°C to 3°C increases its density while decreases the density
of iron.
Hence the bouyant force increases.

w’r?

29
Put values and gety = 2cm.

12. y =

13. Buoyant force = Fb = Vsub . pr. g
where, Vs, psand g all are same w.r.t. O1 and Oz.
Hence (A)

14. A1Vi=A2Vaor A x Vi =2A ’%@ orVi =J29f

1 .
Ep[vf - V22] = pg/ sin®
1 014 .
—=|2g¢—=—| =g/ sind
= g%

. .3
on solving smez.
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Fluid Mechanics ﬂ_

15. The velocity of fluid at the hole is V2 = %
1+ (@ /A%)

Using continuity equation at the two cross-sections (1) and (2) :

ViA=Vza = VlZ%VZ

= Acceleration (of top surface) = — VI%

dh
:_Evzi EVZ
A “dhl A
a® , dv. a 1 -ga
aa=-——V,—2 :——3}2 h,/z —— = a1 =
PETA e T T A VWSS T AT e
16. Pressure at (1) :

P1=Pam + pg (2h)
Applying Bernoulli's theorum between points (1) and (2)

2

[Pam + 2 pgh] + pg(2h) + 1/2 (2 p) (0)?
=Pam+(2p) g(0)+ 1/2(2p)V2 =  v=2.fgh Ans.

17. by A1 V1 = A2V2

2 2
mD; V1= o, V2, Vi=4V2
4 4

18. Velocity of efflux at a depth h is given by V = JZQh
Volume of water following out per second from both the holes are equal

e
>

4y

aiVi = a2Vz

or (L?) .{29(y = nR21/29(4y) or R= L
2n
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Fluid Mechanics H‘

19.
w.r.t. container
20, PA_L . PA_1L
pt 2 pB 3
paVg + psVg = plaVg
pA + pB = 2pe
ps = 3pa
pr=2pa

pripaipg=2:1:3
4 3 3 2 3
21. §75(1000r —729r )p=§‘n:1000r 0.8p0

271p = 4opo
p =1.48p» = 1.48 gm/cm?

PART - |l
1. (p+2d) xsin60+p(¢—x) sin 60° = (p + d) (¢ — x) sin 60 ° + px sin 60°
On solving
p+2(:j::: K—X;;|
X:ﬁ:i:l
3 3
10m
2 tane:0_5 = i
5 10 3 5m
| __ S ——
a_1 ¢ Jos
o o o
a=1m/s?
v=u+at
10=0+1xt

t =10 second.
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Fluid Mechanics ﬂ_

3. OE=7¢ stick (2.5 kg)
1 .
(=—— i e
sin@ ®
OD=2cos 6 (i)
0C = Loos0=225% i Ol R
2 2sin6
Fs = pw Alg

torque about O
mg (OD) = pw Alg(OC)
on solving

sin2 0 :l
4

6=30° Ans.
2

For height sin2 0 < h? (h is depth of water)

For6=90° h>2

4, Breaking force = Breaking stress x area of wire
=7x108x105=7N
weight of block = vol x density x g
=103 x (1.5 x 10%) x 10 =15N.
The upthrust when the liquid level has descended by x cm.
=100 (10 —x) - 106 -10%-10
=10 — x Newton.
Net downward force on the block =15 — (10 —x) =5 + x = Tension T
o The wire will break when 5 + x = 7.
ie. when X = 2cm
Let the level descends by 2 cm in t time
then  2t=(200 — 100).2

t=100sec. ... Ans.
20x = 100 x=5
5. paV? = uN
1000 x a (2g x2) = 0.4 x 100 x 10
@ 02

1000 x &t v x4g=400o0rd =

Jn
6. vt=80m (i)

t= #Z_h = #ZXZO =2 second ....(ii)
g 10

from (i) and (ii) equ.
v =40 m/s. ... (i)

Po + pgh = Patm + %pv2 (V)

on solving (iv) equation
Po=2.78 x 105 Nm=2 = (1.39)a x 105
a=2 Ans.
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Fluid Mechanics

7.

Mass of water = (Volume) (density)

H=
Ap
. m 2m,g
Velocity of efflux, V = /2 H = [2g—2 = [Z0od
y g ,! gAp ,f Ap

Thrust force on the container due to draining out of liquid from the bottom is given by,
F = (density of liquid) (area of hole) (velocity of effux)?2

(F = pav?)

F = p(A/100)V2 = p(A/100) [%]
P

F = mOg
50

Acceleration of the container, a = F/mo = g/50 :%z 0.2 m/s?

So Xx=2 Ans.

Given: A1=4 x103m?2, A2=8 x 103 m?

hi =2m, h2 =5m

vi=1m/s and p = 10% kg/m?
From continuity equation, we have

A1 Vvi=Azvz0r V2 = [%j Vi

2

-3
or V2 = (ﬂJ (2 m/s)

8x107°

1
V2 =— m/s
2

Applying Beronulli's equation at section 1 and 2

P1 +% pVZ + pghy = P2 + % pV3 + pghz

or P1—P2=pg (hz—h1)+%p(v§—vf) (2

(i) Work done per unit volume by the pressure as the fluid flows from P to Q.

Wi=P1-P2

= pg (h2 —ha) + %p(vg -vf) [From Eq. (1)]

= {(1 0°)(9.8)(5—2) + %(1 0° )G - 1}} J/m3 = [29400 — 375] J/m? = 29025 J/m3

1161 o = 29025 J/m?3
a=25
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Fluid Mechanics ﬂ_

9.

A1vi = Azvz
Ava = évn
4

Vn = 4va oee (i)

1 1 .
Pa + E pVA2 = E an2 + pgh ...(ll)
vi2 /29 =h (1))
On solving (i), (i) & (iii) equation we get n=32m Ans.

PART - 11l

PV = constant
(Assumed isothermal process)

In a static fluid, pressure remains same at the same level, ie, pressure do not vary with x-coordinate.
Hence (C).

P =p(2h)g
F_
a-rhg

2
Fbase = 2h pgA2
Fwan = h p g [A2 — A1], at the level x

Assuming that the block is completely submerged in water, then
Fr =1000 > mg(920) So, not possible

Let complete in oil

Fv = (0.6) (4) (1000 + (1) (6) (100) = 840

Fr < mgSo, not possible

So, let 'x' part in oil and remaining in water

920 =[(1) (10 — x) + (0.6) (x)] 100

9.2=10-x + 0.6x

0.4x=0.8

X=2cm.

Fb = vpiiqg

'g" is different on moon and on the earth.
Hence only (iii) is a correct statement.
Hence (D).

¢ will decrease because the block moves up. h will decrease because the coin will displace the volume
of water (V1) equal to its own volume when it is in the water whereas when it is on the block it will
displace the volume of water (V2) whose weight is equal to weight of coin and since density of coin is
greater than the density of water V1 < V.

/\
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Fluid Mechanics ﬂ_

7. KXZlOXIO—@Xloxlo
2000

Kx Buoyont force
________ {________
mg
Kx =50 N
2
Usoes = = x (100) [ 22| =1,2500_ 455,
2 100 2 100
8. x = 2 JH(H=h)

x1=2+70x20
X2 = 2+/60x30
X3=2+/40x50

x4 =2+/50x40 or X3 = X4 = maximum

PART - IV
1. As, dm = Apw vdt

where ‘D’ is the diameter of stream.
2. ViA1= V2A2

nv,Dy’ _ wD? £ b=p. [V
4 4 o

3. v=\JUu? +2gh = /2g(b + X) .

4, Applying continuity equation at points with diameter Do & D :

= Zgb.{n'zoz}: f29(b+x) {ni)z}

1/4
= D:Do{ b }

b+x
5. Solving the preceding formula for the tank height h gives :
h = x(D/Do)*/(1 — (D/Do)*) = x D*/ (Do* — D%)
Substituting the given parameter values gives
h =(0.3) (0.009%) / (0.01% — 0.009%) = 0.57 m
So the height of the water above the tap is 0.57 m or 57 cm.

6. Apparent weight (Wapp.) =W =V prg
Since, Wapp. (Ram) > W app. (shyam)

= W(Ram) > W(Shyam)
Therefore, from given passage shyam has more fat than Ram.
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Fluid Mechanics

7. V1i>Vze = Wapp. 1) < Wapp. (2)
(Since Wapp. =W —V p/ Q)
Hence (B)
8. PsSalt water > PFresh water = Wapp. s) < Wapp. ()]
Hence (A)
9. Let 'V' be the total volume of the person
Then ; v (0.4 x 103) + 3v](2x10°| =165
4 4 3
= V= 165 0.15m?3
1100
Reading on spring balance under water is :
Wapp = [165 x 10] — 0.15 [10%] [10] = 150 N
10. Just after the string is cut :
150
a= —=091m/s? Ans.
165
EXERCISE-3
PART - |
1ln A1 = nr? = area of base of cylinder in air
Az = 3nr2 = area of base of cylinder in water
As = 4nr?2 = cross-section area of cylinder
\L(Pa + h,pg)A,
5 gHA,
T T
T TP, + oy (h+ HYA,
Pa) 1
from the equilibrium of block (see diagram)
Equating the forces, we get
(Pa + pgh1)As + %gH Az = (Pa)A1 + [Pa + pg(hs + H)JA2
On solving
hi = > H
3
2.

(A) PaAs + %Ang = PaAs + pghzAs
i' PaAS

V- gHA,

1 Togha,
(PA,

from the equilibrium of block (see diagram)
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Fluid Mechanics ﬂ_

LPA

y5-gHA,

T 1 Togha,
(PA,
h2 = 4H/9.

For h2 < 4h/9 cylinder does not move up because further bouyant force decreases while the weight of
block remains same.
Since it is open from the top, the pressure will be Po

Resultant force on the piston is zero (Let pressure in air be P)
From the equilibrium of the piston

(P,—P) R’
|
W Mg

(Po — P) nR%2 = Mg
P=Po- |V|92

nR
From the conservation of moles of air : P1V1 = P2V2 , it follows that
Po. 2L = Px

= P-2L _  P,2L
P P _ Mg
° nR?

Pressure in air inside cylinder = Pressure at point A = Po +(Lo — H) pg

Pot(Le—H)pg

PV = constant in the air inside the cylinder

.. PoLo = [Po + (Lo — H)pg] (Lo — H)

Po (Lo — H) + pg (Lo — H)? — PoLo = 0

As the stream falls down, its speed will increase and cross-section area will decrease.
Thus it will become narrow.

Similarly as the stream will go up, speed will decrease and cross-section area will increase.
Thus it will become broader.

Hence statement-1 is correct and statement-2 is correct explanation also.

Ans. (A)

/\
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Fluid Mechanics

N=Mg cosb

(p)

Net force on Y due to X = \/(mgcose)z +(mgsin6)* = mg

(B) As the inclined is fixed. So, gravitational P.E. of X is constant

(C) As K.E. is constant and P.E. of Y is decreasing. So mechanical energy of (X + Y) is decreasing.
(@)

(A) force on Y due to X will be greater than mg which is equal to (Mg + repulsion force)

(B) As the system is moving up, P.E. of X is increasing.

(C) Mechanical energy of (X +Y) is increasing

(D) Torque of the weight of Y about point P = 0

T=mg

=

o [ . %mg

X

(A) force on Y due to X = \/[(m+m0)g]2 +(mg)?

(B) As the system moves down, gravitational P.E. of X decreases
(C) As the system moves down, total mechanical energy of (X + Y) also decreases
(D)t =0

(A) force on Y due to X = Buoyancy force which is less than mg

(B) As the sphere moves down, that volume of water comes up, so gravitational P.E. of X increases.
(C) As there is no non—conservative force, so total mechanical energy of X + Y remains conserved.
(D)wmp=0

(A) As the sphere is moving with constant velocity

B+fy= Mg

so force on Y due to X is B + fy = mg

(B) As the sphere moves down, that volume of water comes up, so gravitational P.E. of X will increase
(C) Increase in mechanical energy

Wi = —Vve

(D)wmp=0

/\
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Fluid Mechanics

10.

P, 500-H

Po = atmospheric pressure
P + 200 x 10-3 x 1000 x 10 = Po (1)

Po (500 — H) = P . (300 mm)

_P,(500-H) mm

= P ..(2)
300 mm
from (1) and (2)
P(B00-H) | 5600 = P
300
5
10°(500-H) + 2000 = 10°
300
= 5x 107 —H x 105 + 6 = 300
= H =206 mm
fall in height = 6 mm Ans. 6

For equilibrium
davg + dsvg = drvg + drvg

= dr :% = Option (D) is correct

to keep the string tight
ds >drand da < dr

/\
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Fluid Mechanics H‘
11.

On small sphere
gnRs(p)g+kX = gnRS(Zp)g ()]
on second sphere (large)

4 R*(3p)g= gnR3(2p)g ()

3
by equation (i) and (ii)
X = 4nR°pg
3k
12. A1 V1i=AV2 A1 =400 A2
400 (5x 109 =V2 = ()
13. Pressure at A and B will be same
Py *%P,V?
1 1
P _Epa i =F, _EpﬂV? -p,gh
vV, = p—ava —2gh
o
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Fluid Mechanics

14, Match the column
When lift is at rest :
T
h,
i ={2gh,
h,
\
«{2gh,|2h, = d=|4hh,
g
(P) Geit> g d=4hh, =1.2m
(Q) geri< g d= 4hh, =1.2m
(R) geii= @ d=,4hh, =12m
(S) getti=0 No water leaks out of the jar.
PART - Il
1. Since solid ball floats in between the two liquids hence p1 < ps < p2
2. For equilibrium, weight should be balanced by buoyant force.
density of oil < density of water
and ball should be in between oil and water.
3. Diameter =8 x 102 m
v=0.4m/s
v=Ju?+2gh= |J(0.4)* +2x10x0.2 = 2 m/s
Awvi = Azv2
-3 2 2
b 8x10 x0.4 =m x d—><2
2 4
d~3.6 x102m.
4.

A
d
/
pO p
v
At equilibrium
Fo = mg
pAlog =dAlg e ()
Lo+X

Restoring force,
F=mg-Fv

/\
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Fluid Mechanics ﬂ_
F =mg — pA(lo + X)g
dA’a = dAlg — pAlog — pgAX
o]

a=-2x
dv
o=|PY
dv
T=oc 4 0]
\fpg
5. kxo + Fs = mg

kxo + % oAg = Mg

cLAg
Mg-—=
k k 2M
T kX,
s
MQ
6.
, o : d,
S i
d
Rsina dz2 + Rcosa dz2 + R(1 — cosa)d:
=R(1-sina ) d1

(sina. + cosa) d2 = di(cosa — sina)
d, _1l+tana

= =
d, 1-tana
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Fluid Mechanics H‘

HIGH LEVEL PROBLEMS (HLP)

1. In elastic collision with the surface, direction of velocity is reversed but its magnitude remains the same.
Therefore, time of fall = time of rise.
or time of fall =t
Hence, velocity of the ball just before it collides with liquid is

t1
=gt .1
V=0, 1)

Retardation inside the liquid
a= upthrust —weight

mass

_ Vdig-Vdg _ (dg-d) o\ — yolume of ball) 2
Vd d

Time taken to come to rest under this retardation will be

Voot g, _ o ay
a 2a ,(d-d) = 2d-d
d

Same will be the time to come back on the liquid surface.
Therefore,
(a) t2 =time the ball takes to came back to the position from where it was released

or th= i
d —d d —-d
(b) The motion of the ball is periodic but not simple harmonic because the acceleration of the ball is g in

dt
St +2t=ti+—2— =t |1+
1 1 d—d 1 |:

L

air and (dL—d_dj g inside the liquid which is not proportional to the displacement, which is necessary
and sufficient condition for SHM.

(c) When dv = d, retardation or acceleration inside the liquid becomes zero (upthrust = weight).
Therefore, the ball will continue to move with constant velocity v = gti / 2 inside the liquid.

2. Let h be level in equilibrium. Equating the volumes, we have

AN

Ahi + Ah2 = 2Ah

h= h, +h,
2

Work done by gravity = Ui — Us

h h h
W = (mlgj+m2g?2] —(m1+ mz)gE

- Ah,pgh, + Ah,pgh,
2 2
Simplifying this, we get

W = % (h1 — h2)?

—[Ah1p + Ah2plg (hlzhzj
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Fluid Mechanics H‘

3.

(M+m)g

m
Figure (1) Figure (2)

Let M = Mass of stick = tR? pL

¢ = Immersed length of the rod

G = COM of rod

B = Centre of buoyant force (F)

C = COM of rod + mass (m)

Ycom = Distance of C from bottom of the rod
Mass m should be attached to the lower end because otherwise B will be below G and C will be above
G and the torque of the couple of two equal and opposite forces F and (M + m ) g will be counter
clockwise on displacing the rotational equilibrium. See the figure 3 given alongside.
For vertical equilibrium

Mg + mg = F (upthrust )

o

(M+m)g
Figure (3)
or (rR? Lgp) + mg = ( tR? /)cg
mR’Lp+m
b= —707—| . 1
[ nR%c J @)

Position of COM (of rod + m') from bottom
M% (nRZLp)%
= .(2)

Ycom =

M+m  (zR2Lp)+m

4
Centre of buoyancy (B) is at a height of E from the bottom.

We can see from figure (2) that for rotational equilibrium of the rod, B should either lie above C or at the
same level of B.

L
2 (nR’Lp) -
Thereforeg > Ycom or mR Lp2+m > 2
2 2R’ (7R’Lp)+m
or m + nR’Lp> nR’L afpcr or m >7R’L («/pc -p)
Minimum value of m is 7R’L (\pc —p) Ans.
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Fluid Mechanics

4,

(a) (i) Considering vertical equilibrium of cylinder :
Weight of cylinder = upthrust due to upper liquid
+ upthrust due to lower liquid

Note that h1 and hz = g

.:[g}(urxg:(gj(%}jw)g+(§J[§](zm(m
o2

D= 24
4

(ii) Considering vertical equilibrium of two liquids and the cylinder.

(P — Po) A = weight of two liquids + weight of cylinder
weight of two liquids +weight of cylinder
A

P =Po+

Now , weight of cylinder

(A (A (A
g (gj L () (@ -[ngj [gd]

- Aldg
4

Weight of upper liquid = (g Adg] and
Weight of lower liquid :g A (2d)g = HAgd

. Total weight of two liquids = %HAdg

~. From Eq. (1) pressure at the bottom of the container will be

3} HAdg + AL99
2 4

P=Po+(

A
or P:P0+w
(b) (i) Applying Bernoulli's theorem at 1 and 2
H H 1
Po+dg|— [+2dg| =—h | =Po+ = (2d) v
o+ g 5 |+ 2da[H-n) =po+ 3 20

Here, v is velocity of efflux at 2. Solving this, we get

v= }(3H - 4h)g

(1)
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Fluid Mechanics ﬂ_

(ii) Time taken to reach the liquid to the bottom will be

t:Q/Zh/g

\ Horizontal distance x travelled by the liquid is

e feel e

x = Jh(3H—=4h)

(i) For x to be maximum
dx

dh

oo Y (@H-8h)=0

2.jh(3H—4h)
or h :%
8
. . 3H
Therefore, x will be maximum at h = ? .

The maximum value of x will be

e

H

Xm =

5w

5. Let the velocity of efflux of mercury coming out of hole be v at an instant mercury level in container is y.
At same instant the speed of top surface of fluids v. from equation of continuity

K

B

T

S v =Sv (1)
n
3 << S v>>V
n
applying Bernoulli's theorem between A and B
Yeg +1 ev? = Pam + 1ev2
2 2

v << v higher powers of v can
be neglected and Pam = hoeg

v=20(Y-h) @)

Hence mercury flows out of both till y = ho.
from equation (1)

dy 1 1
v=——2==y= = [2g(Y—h
at hV h o( 0)
or :_—dyldt
J29Y-h, h
integrating between limits
h T
¢ dy 1 2
at I=0 y=n andt=T,Y=ho ; | ———=—=—— == |dt; t=n=(h-h,)
L/zg (Y-h,) n! R
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Fluid Mechanics ﬂ_

6. Bernoulli’'s equation between A and B gives
2

Pa Po ¥ Vz{u}
2

Pa Pa Pa
Also equating pressures at horizontal level of E

PA + pagy + pagh = pe + pagy’ + pagy + pmgh.
= pa + pagh = ps + pmgh [+ y Q]

PA = pe = (pm — pa) gh.
, _ 2pn —pa)gh

v
Pa

VvV = M ANsS.
\} Pa

7. Weight of sphere + chain = (m + Ah)g

Buoyant force = (3m + %h) g

for equilibrium, weight = Buoyant force or, m + Ah =3m + %h orh :;—T

8. Apply Bernolli’s equation b/w point P & D
Patm + pgha +% pVp? = Pam + pg(0) + %pVD2

[Assume zero level D]

Vp~ 0 Area of cross section is very large

Vb =/2gh,

Since area at C is half than area at D
so according to continuity equation

VcAc = VoA = Vc = 2Vb = 2 J2gh,
Now  for point P & C according to Bernolli’s equation.

1 1
Pp + pghs + > pVp? = Pc + pg(0) + 5 p.Vc?

Vp ~0
= Patm + pghl = Pc +% p(2 "29h1 )2
= Pam =Pc+3pghs ... 0]
for point E

Pe=Pc+pghz =Pam ... (ii)
from (i) & (ii)

3pgh1 = pgh2
= h2 =3h; Ans.
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