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Q.1. Viscosity? Co eff. of viscosity? Units? Dimensions?

Ans. Viscosity:-

Internal friction of moving fluid is called Viscosity of
liquid.

7 7

Ex:-  Honey is more viscous than water ettt etttk

Co-eff of viscosity:- 1 l
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Q.2. Compare Solid friction and viscosity?

Ans. Similarities:

1.

2.
3.
4

Both come into play whenever there is a relative motion.
Both oppose relative motion.

Both are due to molecular forces.

Both are tangentially in a direction opposite to that of
motion (Parallel to surface).

Solid friction Viscosity

Different:-

F=uR F=nA-2
dy

1) Does notdepend on 4 | 1)Depends on A

2) Does not depend on dv | 2)Depends on dv i.e
relative velocity.

3) Does not depends on 3)Depends upon distance
distance between two between two layers dy
layers dy

4) Depends on R 4)Does not depend on R




Q.3.

Ans.a)

b)

a) Write POISEUILLE’s Formula?
b) Derive POISEUILLE’s Formula using dimensions?

Volume _m.Pr* m(hp.g)r*

Sec  8pl 8.1.1

e Ifrislarge, water flowing per second is more
e [flis more, water flowing per second is less
e [f Pis more, volume per second is more

To prove:

vol _m.Ppr*

sec 8.n.l

Lo (B)” e (o

sec

=[] reme

T A-l

MLtT2

a
[L3 T—l] - [ 5 ] [L]b[Ml Ll T—l]c
[MO L3 T—l] - [Ml Ll T—Z]a [L]b[Ml L—l t_l]c
Comparing powers of M, L, T

[MO L3 T—l] - Ma+c L—2a+b—C T—Za—c

a+c=0,-2a+b-c=3,-2a-c=-1

a=-c -2(-c)+b-c=3, 2a+c=1
a=-c, 2c+tb-c=3 -2c+tc=1
a=-c, 2c+tb-c=3 -c=1
b+c=3
b-1=3
a=1 b=4 c=-1

Sec

Vol p) 4 (1)

Sec (l ( )

Vol pr Here constant = —
— = (Const) — ~ 3
Sec Iy

Py=Pytm + hpg

Patm




Q.4. Derive Stoke’s Law using dimension? - ..

Ans.  F,s o n®rb ¢
[MY LY T2 = [M L7 T [L]P[MO P T HE P
[Ml Ll T—Z] - Ma+0.c L—a+b+C T—a—c

Comparing powers of M, L, T

-a+b+c=1, i -a-c=-2

a=1

-1+b+a=1. a+c=2

c=1

b=1 | ! 1+c=2

Fvis x (r))l (r)l (U)l
F,;s = (const)n.r.v

F,is=6m.n.r.v



Q.5. Derive an expression for terminal velocity of a body moving in
a fluid?

Ans.  Weight downward, mg
upward Up thrust, V. p;i4. g

upward viscous force. 6m.1.r.v
As body moves downwards mg and U are constant.

As body moves downwards 6m.1).r.v keeps on increasing

g tsay 100}

At some stage, in equilibrium
Frec =0
mg = U + Fy5

mg =V.pyq. g + 6T0.1.V7

mg-V.piiq.g
VT = —_—

6TT.1).1

V.pmat-9 — V-Pliq-9
VT =

6TT.1.r
%4
V= omor (Pmat — V- pliq)-g
4/ ¢r3
Vp = # (pmat - pliq)-g

272
Vr =%(pmat - pliq)-g
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Q.6. Explain
i) a) Stream line flow
b) Streamline
c) Laminar flow
d) Turbulent flow

ii) Reynold no. and its significance

Ans.i) Streamline flow:-
Streamline flow is flow in which every particle of the
liquid follows exactly the path of its proceeding
particle and has the same velocity as that of its
proceeding particle while crossing through that
point.

Streamline:-
Streamline is the actual path followed by procession
of particle in a steady flow. Streamline may be
straight or curved.

Properties of Streamline

1. No two streamlines can cross each other
2. More crowding of streamlines means high speed.

Laminar flow:-
Thus a flow in which liquid moves in layers, is called
Laminar flow.

Turbulent flow:-
Turbulent flow is flow in which motion of particles
becomes irregular.

Turbulent flow will take place when the velocity of
the liquid is more than critical velocity

ii) Reynold no:- Ny

p--Density, D .. Diameter, v .. velocity

1 - coeff of viscosity

Ng = "DT”
Case [:- Ng <2000 Streamline flow
Case II:- Ng > 2000 Turbulent flow
Case III:- 2000 < Ni <3000, flow is unstable changing

from Streamline to Turbulent flow.

(say 10 xsay 12)  (say 14)

_______
_____ =
B
A
______ _’-----’/ I’I
________ _’____,//
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Q.7. Derive Equation of Continuity?
Ans.  Under Steady State Conditions

(Mass Entering Per sec), = (Mass Leaving Per sec),
mass mass
(time)l - (time)z

(p.vol.) _ (p.vol.)
t /1 t /2

A
(vol) _ (vol) /><><><><><><
P1- 3 L P2\ 5 @i:i:i:i:i::jo
v
(”_Ol) - (”_Ol) {If p, = p, same liquid}
‘h ‘2 Vol
—=A.v
Vol Sec

—=0a5.V;=0,.V
Sec Q- V1 =02V

Q.8. Explain the following for a liquid
a) Kinetic Energy
b) Potential Energy
c) Pressure Energy

Ans.a) Kinetic Energy:-
Kinetic Energy is the energy possessed by a liquid by

virtue of its motion or velocity.

KE=1/2muv?

Dividing both sides by volume V
kE_1(m) 2
vol 2 (V)'v

K.E per Unit Volume = 2

.p.-v

N |-

b) Potentional Energy:-
It is the energy possessed by liquid by virtue of its
position or height

P.E=m.g.h

Dividing both sides by V

7777/

p.€ =(m).g.h Reference
volume 14

P.E. per Unit Volume =p.g.h
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c) Pressure Energy:-
Work done by applied force

= Fapp- X
= (Flg).x
=(P.A). x
Work done gets stored in form of ‘Pressure Energy’
Pressure Energy = Work done
=P.A. x

Dividing both sides by volume (A. x)

Pressure Energy _ P.AXx

Volume Ax

Pressure Energy _

p

Volume

Q.9. State, Explain and Prove ‘Bernouli’s Theorem’?
Ans. Statement:-

This theorem states that for the streamline flow of an
ideal liquid, the total energy (the sum of Pressure Energy,
Potentional Energy and Kinetic Energy) per unit mass remains
constant at every cross section throughout the flow

Proof:-

Work done per sec =
(by Pressure Energy)
(Increase in K.E. per sec) + (Increase in P.E. per sec)

PLVi—P,V, _ 1/2myv3—1/2my vf N my.g.hy — mq.g.hq

i l
*u

//I////////////////////////////

area a,

a, = vy(1sec)
area aq

E hy v,>v,
b i l
7777777777777777777777777777 777777777777

1sec 1 sec 1 sec
1 2 1 2
1. P1V1+ E mqv, + ml.g.h1= P2V2+ E myvy™ + mz.g.hz
Total Energy at 1 = Total Energy at 2
2. Dividing both sides by “Volume”
PV,  >myv} h v, 3m,v3 h
STV mq.g. SMa2V2 m,.g.
11+2 + 1-9 1=P2 2,2 + 2:9.2
1 1 1 V2 V2 V2

V1= VZ as al Vl = az Vz

Volume flowing per sec remains same

1 1
P+ Epl.v% +pgh, =P,+ Ep.v% +p.g.h,
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Q.10. State and Prove Toncelli’s Theorem?

Ans.  Statement:-
According to this theorem, velocity of efflux i.e. the
velocity with which the liquid flows out of an orifice is equal
to that freely falling body would acquire in falling through a
vertical distance equal to the depth of orifice below the free
surface of liquid.

1. Aand B are at same level, so grave P.E. is same

" A
2. Asper Bernoulli’'s Theorem 4 A
T.Ea/Vol =T.Eg/Vol
Py 1 Pp 1
4 += VaZ+ g.\hA= L= .VgZ+ g.\hB
p 2 p 2 h
Velocity inside container = 0 AloB Vg
Py—-Pp 1 Toee >
ZAT"B_ - Vg2 *s\\ T
P 2 DN
hA \:\\\ hB
latm+h.p.g — latm 1 \\‘:‘\ L
== Vg2 v ) N
p 2 777777777777777
hgg 1
neg 1y,
g2

VB = ,/Zgh
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Q.11.

Ans.

What is Venturi meter?
Explain construction and working of a Venturi meter?

Venturi meter:-

It is a device used for measuring the speed of
incompressible liquid and rate of flow of liquid through
pipes. It's working based on Bernoulli’s theorem.

Construction:-

It consists of two identical tubes A and C connected by
a narrow coaxial tube B.A monometer in the form of V
tube is attached to it, with one arm at the wider neck
point at the tube A and the other arm at the narrow
middle point of tube B

Working:-

This Venturi meter is horizontally connected to the pipe
through which the liquid is flowing with steady flow.
Note down the difference of liquid column in two arms

of U tube, Let it be h

Let p= density of liquid flowing through pipe

. pm = density of liquid in U tube

a1, a, = area of cross — section of tubes A and B

v 4, v, = Velocity of liquid flow through tube A and B

P.P, = Pressure at A and B

V =avi=a, v,

(V— Volume flowing/sec)

a v %4 %4
=2 =2andv,=—, v,=—
as V1 aq a,
Using Bernoulli’s Theorem
1 1
P1+Epv12 =P2+Epv22
P, -P _1 (W2 — v?)
1 2 = 2 p vz Ul
1 2 [VZZ ]
== p.vi|=-1
2 p.V1 v%
12 [Cﬁ ]
=-p.V;{ |5 —
2 p.v a%
Pl' Pz =h. pmg R

From (1) & (2)

h. pm.g

1 Z(Cl% )
=—.p.V -
2 p-V1 a?

2

(1)
(2)




Q.12. Discuss any four applications or examples of Bernoulli’s

Theorem?
P,
( —
Ans.(1) Atomiser or Sprayer:- —> ) e

The common form of Atomiser when its J

rubber bulb B is squeezed, the air blows in the tube T
with high speed. According to Bernoulli’s Theorem, a
low pressure P;is created inside which is much less :
than atmospheric pressure P1 on the liquid surface in S LY, S
vessel R. Due to it, the liquid rises up in the tube T -
and is pushed out with air through nozzle N in the [

form of a spray. This principle is used in a paint = = F=——————s—=sss—=s—=s
sprayer, oil scent and nazal sprayer.

high volume
(2) Lift on an aero plane wing:- low pressure P,

The shape of the aero plane wing is peculiar.
Its upper surface is more curved than its lower
surface and its leading edge is more thick than its
trailing edge. As the aero plane moves forward, the
air blown in the form of stream lines over the wings
of aero plane.

MOTION

high pressure Py

low volume

Fupward = (AP) (Area) = (P; — P,) (Area)
(3) Blowing off the roots during storm:- high velocity
During storms or cyclones, the roofs of the p,®
huts are generally blown off without causing any
damage to the house. This is because during the T
storms the wind blows with very high speed over the A T T T N
top side of the roof. Due to it the pressure p of air

over the roof become low. Below the roof i.e. inside
the room, wind is not blowing. So, pressure P, is high. high pressure Py
(P; — P,) pushes the roof upward.

(4) Motion of two parallel boats:-

If two boats, small distance apart are rowing parallel
to each other in the same direction the velocity of water
between the two boats becomes very large as compared to
the velocity of water on other sides of the boats. Due to this
the pressure is reduced in between the boats according to
Bernoulli’s Theorem. Two boats may hit each other.



