Hydraulics and Irrigation
Engineering
Civil engineering

Semester – 4th
Th-02

Submitted by
Er.S.S. Rout

Fluid mechanics & hydraulics machines (CE) Code – CET -302

Chapter- 1
Short type question
1. Write down the relationship between specific weight & density of liquid.
[2015(W) 1a]
Sp. Wt. w = weight / volume
= mass X acceleration due to gravity / volume
=m xg /v

,W=ρ*g

( Density ρ = mass / volume)

Specific wt. = Density * g
2. Write the dimension & unit of viscosity. [2016 (w) Q1 /a]



Dimensional Formula of Coefficient of viscosity (η)=[M1L-1T-1]
Units :- M.K.S. system = Kgf. Sec / m2
C.G.S system = dyne .sec / m2 = poise
SI system = Ns / m2

3. Write down the unit of surface tension.[ 2017 (w) , 1/g]
Unit of surface tension




M.K.S. --- Kgf/m
SI
---- N/m
CGS
---- Dyne / m

4. What is capillarity? [2018 (w), 1 (j)]
Capillarity is defined as a phenomenon of rise or fall of a liquid surface in a small tube
relative to the adjacent general level of liquid when the tube is held vertically in the
liquid. The rise of liquid surface is known as capillary rise while the fall of the liquid
surface is known as capillary depression. It is expressed in terms of cm or mm of
liquid.
5. Convert 1 Kgf.sec/𝐦𝟐 of dynamic viscosity in poise.[ 2017 (W) 1/a]
1 Kgf. Sec / m2

= 9.81 N. sec / m2

= 9.81 X 105 dyne .sec / 1002

cm2

= 98.1 dyne .sec / cm2
= 98.1 poise
6. Give example where surface tension effect plays a prominent role.
 Water droplet spherical due to surface tension.
7. What do you mean by vacuum pressure and gauge pressure? [2016 (W) 1/a]
B.S.E. , Balasore
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 Vacuum pressure is defined as the pressure below the atmospheric pressure.
 The pressure above the atmospheric pressure is known as gauge pressure. It is
the pressure which measure with help of pressure measuring device in which
atmospheric pressure taken as datum.
8. Mention the relation between absolute pressure & gauge pressure.
2015(W) ,4/a]

[

 Absolute pressure is the sum of atmospheric Pr. And gauge pressure.
 Pabs = Patm + Pgage ( Absolute pressure)
9. Write the expression for total pressure & centre of pressure for a vertical
immersed surface. [ 2019(W) 1/b]
Ans:Total pressure is defined as the force exerted by a static fluid on a surface when the fluid comes
in contact with the surface.
The center of pressure is the point where the total sum of a pressure field acts on a body, causing a force to act
through that point.

When vertical plane surface submerged in liquid.
 Total pressure (F) = ρAgh̅
 Centre of pressure h* =

Ig
̅
Ah

+ h̅

Where A = Total area of surface, G= C.G. of plane surface
h̅ = Distance of C.G. of area from free surface of liquid.
P = Centre of pressure
13. What do you mean by hydrostatic law? [2017 (W) 1/c]
It states that there will be no relative motion between adjacent or neighboring fluid
layers. The velocity gradient which is equal to the change of velocity between two
adjacent fluid layers Divided by the distance between layers will be zero.
Or

du/ dy =0

14. What do you mean by surface tension in a liquid and its effect? [2015 (W)
5/a]
Surface tension is defined as the tensile force acting on the surface of a liquid in
contact with a gas or on the surface between two immiscible liquids such that the
contact surface behaves like a membrane under tension. It is denoted by Greek letter
sigma( s). In MKS units, it is expressed as kgf/m while in SI unit is N/m.
Thus the free surface of liquid act likes a very thin film under tension of surface of
liquid act as though it is an elastic membrane under tension.
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15. The viscosity of liquids decreases but that of gases increases with the rise of
temperature, give reason. [2015(w) 2/a]

Viscosity in liquid is mainly due to the cohesive force (inter molecular force of
attraction). When there is an increase in the temperature this reduce the cohesive
forces between the molecules of liquid, hence the value viscosity decreases,
whereas in case of gasses viscosity is mainly due to the random moments of the
gaseous molecules.
When temperature of gas is increased the internal energy of the molecules increases,
this leads to increased random moment. Hence the viscosity of gases decreases.
16. What do you mean by kinematics & dynamics? [2016(W) 1/h]
Kinematics is the study of only the motion of particles without taking into
consideration the causes of said motion.
Dynamics on the other hand is the study of motion of the particles along with their
cause (forces and torques)
17.Define specific gravity of a fluid and its unit?[2019(w)/old,1(a)][2018(w)1(a)
Ans: The relative density of any fluid is defined as the ratio of the density of that fluid to the

density of the standard fluid. For liquids we take water as a standard fluid with density
ρ=1000 kg/m3. For gases we take air or O2 as a standard fluid with density, ρ=1.293 kg/m3
Medium type question
Q. A differential manometer connected at two points A & B at the same level in a
pipe containing an oil of sp. Gravity 0.8 shows a difference in mercury level as
110mm. Find the difference of pressure of at A & B. [2015(W) Q3/b]
Ans :- Given
Sp. Gravity of oil S1 = 0.8
Hence density ρ1 = 0.8 x 1000 = 800 kgf /m3
Difference in mercury level h = 110mm = .11m
Sp. Gravity of mercury Sg = 13.6
Density ρg = 13.6 x 1000 = 13600 kgf / m3
The difference of pressure = PA – PB = gh (ρg – ρ1)
= 9.81 x 0.11 (13600 – 800)
= 13812.48 N / m2
= 13.81 Kpa

B.S.E. , Balasore
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Q. A square surface 3m X 3m lies in 3 vertical planes. Determine the position of
the centre of pressure and the total force on the square when its upper edge is
15m below the water surface. [2016 (W) Q2/b]
Ans :- Here b = 3m
d = 3m
Area A = 3 x 3 = 9 m2

h̅ = distance of C.G. from free surface of water
= 3/2 +15 = 16.5m

̅
Total force F = ρgAh
= 1000 x 9.81 x 9 x 16.5
= 1456785 N (Ans)

̅ + h̅
Center of pressure h* = IG / Ah
IG = bd3 / 12 = 3 x 33 / 12 = 6.75 m4
h* = 6.75 / (9X16.5) + 16.5 = 16.54m (Ans)

6. Find out the total pressure and position of centre of pressure on a circular
plate of diameter 3.0m, when it is immersed vertically in water so that it’s top
most point is at a depth of 1.5m from water surface. [2015(W) 1/b]
Ans :- Dia of plate d = 3m
Area A = π / 4 x d2 = π / 4 x 32 = 7.06 m2

h̅ = 1.5 +3/2 = 3m
̅
Hence total pressure F = ρgAh
= 1000 x9.8x7.06x3
= 207775.6 N = 207.77 kN
Position of centre of pressure

̅ + h̅ ( where πd4 / 64 = π34 / 64 =3.97m4)
h* = IG / Ah
h* = 3.97 / (7.06x 3) + 3 = 3.18 m (Ans)
8 Define the rate of flow?A 30 cm diameter pipe conveying water branch into
two pipes diameter 25 cm and 20 cm respectively. If the average velocities is 30
cm & 20 cm pipe 2.5 m/s & 1m/sec. Calculate velocity in 25 cm pipe.[2019(w),5]

B.S.E. , Balasore
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Ans – The quantity of a liquid, flowing per second through a section of a pipe or a channel, is known
as the rate of discharge or simply discharge. It is generally denoted by Q.
Given data
Width = 1.25m, depth = 2.0 m, length = 14m
Sp. Gravity = .64, unit wt = 10.25 Kn / m2
Volume of block = 1.25 x2x14 = 35m3
Density of block = 0.64x1000 = 640 kg / m3
Wt. Of block = 640 x 9.81 x 35 = 219744 (wt = s x g x vol)
For equilibrium the wt. Of water displaced = wt. Of wooden block = 219744N
Volume of water displaced =

wt.of water diplaced
ddensity of water

=

219744
1000X9.81

Position of centre of buoyancy
Volume of wooden block in water = volume of water displaced
1.25 x h x14 = 22.4
h=

22.4
1.25 X 14

= 1.28m

Centre of buoyancy = 1.28/2 = .64m from base
Q.Derive
expression
for
body?[2018(w)(new)2(b)]

total

pressure

for

horizontally

immersed

Ans: Total Pressure On A Horizontal Immersed Surface
Consider a plane horizontal surface immersed in a liquid as shown in figure 1.

Fig. 1.3



  Specific weight of the liquid
A  Area of the immersed surface in in2
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 = Depth of the horizontal surface from the liquid level in meters

We know that the Total pressure on the surface,
P = Weight of the liquid above the immersed surface
= Specific weight of liquid * Volume of liquid
= Specific weight of liquid * Area of surface * Depth of liquid
= AkN

B.S.E. , Balasore
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Long type question & answer
1. A triangular gate which has a base of 2m and altitude 2.5 m lies below the
surface in a tank which contains oil of specific gravity 0.8. Find the force
inverted by the oil on gate and position of centre of pressure. [2015(W) Q6/c]
Ans:- Base of plate = 2m
Height of plate h = 2.5m
Area = A =

bXh

2X2.5

=

2

2

= 2.5 m3

Sp. Gravity of oil s = o.8
Density of oil = .8 X 1000 = 800 kg /m3
The distance of C.G. from the free surface of oil

h̅ = 1 + (1/3 x h ) = 1+ 1/3 x 2.5 = 1.83m
̅ = 800x9.81x2.5x1.83 = 35904.6N
Total pressure = ρgAh
Centre of pressure from free surface of oil is given by =

̅ + h̅
h* = IG / Ah
where IG =
h* =

bh3
36

.86
2.5 X1.83

=

+

2 X 2.53
36

= .86 m3

1.83 = 2.017 m

2. Derive expression for the total pressure and centre of pressure for vertical
plane surface immersed in a liquid. [2015 (w) q5/c]
Total pressure
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centre of pressure
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Chapter – 2
Short type question
1. Explain each term in Bernoulli’s theorem for steady flow of an incompressible
fluid.[ 2019 (W) 1/e]
Bernoulli’s equation = Z + V2 / 2g + P/ ρg
Where Z = Potential head
V2 / 2g = Kinetic head
P/ ρg = pressure head

2. What is “vena – contracta”. [2016(W) 1/f]
The liquid particle flows out of the orifice move toward the orifice from all direction.
Some few particles take turn to enter into the orifice. It has been observed that the jet
after leaving the orifice gets contracted. The maximum contraction takes place at a
section, slightly on the downward stream side of the orifice known as Vena – contacta.
B.S.E. , Balasore
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3. Difference between steady & unsteady flow.[ 2017 (w) 2/a]
Steady flow – A flow in which quantity of fluid flowing per second is constant is called
steady flow. It may be uniform or non uniform.
Unsteady flow – A flow in which quantity of fluid flowing per second is not constant is
called steady flow. It may be uniform or non uniform.
4. Explain the expression for loss of head due to sudden enlargement. [2017 (W)
7/a]
he =

(V1− V2 )2

2g

Where V1 = Velocity flow before enlargement
V2 = Velocity flow after enlargement
5. Difference between uniform & non uniform flow. [2015(W01/a]
Uniform flow - A flow in which the velocities of liquid particle at all section of liquid
particle at all section of a pipe or channel are equal, is called uniform flow.
Non Uniform flow - A flow in which the velocities of liquid particle at all section of
liquid particle at all section of a pipe or channel are not equal, is called uniform flow.
6. State cherry’s equation for velocity of flow.[ 2017 (W) 7/a]
`Chezy’s equation fro velocity of flow is V = C √𝑚𝑖
Where C = Chezy’s constant
I = bed slope

7. Write down the formulae for discharge over V- notch.[2018(w)1(h)]
𝜃

5

Discharge Q = 8 / 15 X 𝐶𝑑 X tan 2 X √2𝑔 X 𝐻 2
Where 𝐶𝑑 = Co – efficient of discharge
H = Head of water above the V – notch
Θ = angle of notch
8. What is Reynolds number? [2016(W) 5/a]
It is defined as the ratio of inertia force of a flowing fluid & the viscous force of
the fluid.
RN =

Fi
Fv

=

FVd
µ

9. Write down the head loss in a pipe in sudden contraction.[2016(w),1(d)]
Loss in a pipe in sudden contraction is 𝐶𝑐 = 0.5 V2 2 / 2g
B.S.E. , Balasore
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Where V2 = Velocity of flow after contraction.
10. What do you mean by venturimeter? Write its discharge formula.
[2019(W)1/j]
A venturi meter is an apparatus for finding out the rate of discharge of a liquid
flowing in a pipe. It consists of three parts.
Discharge Q =

𝑐 𝑎1 𝑎1
√𝑎1 2 − 𝑎22

√2gh

11. Distinguish between open channel flow and pipe flow.[ 2015 (W03/a]
Open channel flow- It defined as a passage in which liquid flows with its upper surface
exposed to atmosphere.
 The flow due to gravity
 Flow conditions are greatly influenced by slope of channel.
Pipe flow- A pipe is a close conduit which is used for charging fluid under pressure.
 A pipe flow only when fluid completely fills cross section and there is no free
surface fluid.
12. Define laminar flow and turbulent flow?[2019(w)(old),1(d)]
Laminar flow is defined as that type of flow in which the fluid particles move along
well-defined paths or stream lines are straight and parallel.
Turbulent flow is defined as that type of flow in which the fluid particles move in a
zigzag way.

Medium type

B.S.E. , Balasore
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1. Find the condition for the most economical section of a trapezoidal
channel.[2015 (W) 1/c)
A trapezoidal section is always provided in the earthen channels. The side slopes, in
a channel of trapezoidal cross-section
are provided, so that the soil can stand
safely.

Let b = Breadth of the channel at the bottom
D = Depth of the channel
1/n = Side slope
Hence area of flow A = d ( b + nd )
Or A/d = (b + nd) or b = A/d – nd ------------------ eq (1)
A

And discharge Q = A.V = AC √mi = AC √ p . i
Keeping A,C & I constant in the above equation , the discharge will be maximum,
when A/P is maximum or the perimeter P is minimum.
 dp / dd = 0
we know that perimeter of trapezoidal section
P = b + 2√n2 d2 + d2 = b + 2d √n2 + 1
Substitute the value of b from equation 1 we get
P=

𝐴
𝑑

- nd + 2d √n2 + 1

Differentiating the above equation w.r.t d & equating the same to zero,
dp
dd

= - A/d2 – n + 2 √n2 + 1 = 0

 (A/d2) +n = 2 √n2 + 1
 [d (b+nd) /d2 ]+ n = 2 √n2 + 1 ( A = d ( b+nd)
 (b+2nd) /d = 2 √n2 + 1
 (b+nd) /2 = d √n2 + 1 ---------(ii)

That is sloping side is equal to half of the top width

2.
State
Bernoulli’s
application.[2018(W07/b]

B.S.E. , Balasore
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Bernoulli’s theorem: - It states that in a steady, ideal flow of an incompressible fluid,
the total energy at any point of the fluid is constant. The total energy consists of pr.
Energy, kinetic energy & potential energy, or datum energy
i.e. Z + V2 / 2g +P / ρg = Constant
Limitation of Bernoulli's Equation: The Velocity of Liquid particle in the centre of a pipe is maximum and gradually
decreases towards the walls of the pipe due to friction. Thus while using Bernoulli's
Equation, only the Mean Velocity of the Liquid should be taken into account
because the Velocity of Liquid particles are not uniform. As per assumption it is
not practical.
 There are always some external Forces acting on the Liquid, which affects the Flow
of Liquid. Thus while using Bernoulli's Equation, all such external forces are
neglected which is not happened in actual practise. If some Energy is supplied to or
extracted from the Flow, same should also taken into account.
 In Turbulent Flow some Kinetic Energy is converted into Heat Energy and in a
Viscous Flow some Energy is lost due to Shear Forces. Thus while using
Bernoulli's Equation all such losses should be neglected, which is not happened in
actual practise.
 If the Liquid is flowing through curved path, the Energy due to Centrifugal Forces
should also be taken into account.
Application of Bernouli’s equation





Venturimeter – used for measuring of flow of fluid through a pipe.
Orifice meter – discharge through a pipe
Nozzel meter
Pitot tube etc…

3. A weir 20m long is divided into 8 equal bays by vertical posts each 40 cm
wide. Determine the discharge over the weir if the head over the crest is 1.1m
and velocity of approach is 1.8 m/s.[2017(W)4/b]
Ans :- Total length of weir = 20 m
No of bays = 8
Width of each post = 0.4m
Head h = 1.1 m
No of end contraction n = 8 x 2 = 16
Effective length of the weir = 20 – (2x 0.4) = 19.2 m
By Francis formula Discharge over weir Q = 1.84 [ l – 0.1nH] 𝐻3/2
= 1.84 [19.2 – 0.1x 16x 1.1] 1.13/2
= 36.9 m2 / sec.
B.S.E. , Balasore
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4. A trapezoidal channel has side slope of 1 horizontal to 2 vertical and slope of
the bed is 1 in 2500. The area of section is 40m. Fine the dimension of most
economical section & its discharge. Take c=65. [2018(w)2/f]
Ans :- Given data
Slide slope q = horizontal / vertical = ½
Bed slope I = 1/2500
Area of section A = 40 m2
Chezys constant = 65
For the most economical section
(b+nd) /2 = d √n2 + 1



𝑏+2𝑥½𝑥𝑑
2
𝑏+𝑑

1

= d √(2)2 + 1

1

= d √4 + 1 = 1.11d

2
 b = 2 x 1.118d – d = 1.236d

but area of trapezoidal section
A=

b+ ( b+2nd
2

xd

÷ (b + nd)d

= (1.236d + ½ d ) = 1.736 d2
A = 40 m2 = 1.736 d2
Hence d =

√

40

1.736

= 4.80m

b = 1.236 x 4.80 = 5.933 m

(Ans)

Discharge Q = AC √𝑚𝑐
M = d/2 = 4.8/ 2 = 2.4 m
 Q = 40 x 65 √2.49 𝑥 1/ 2500
 Q = 80.55 m3/s

Ans

5. Write short notes on (i) hydraulic gradient line & total energy line. (ii) Types of
flow. [2014(W) 7/c,2019(w),1(f)]
hydraulic gradient line:- It is defined as the line which give the sum of pressure head
( p/w) & datum head (z) of floating fluid in a pipe with respect to some reference line or
it is the line which obtained by joining the top of all vertical ordinates, showing the
pressure head of a flowing fluid from centre of pipe.
total energy line :- It is defined as the line which gives the sum of pressure head ,
datum head , kinetic ahead of a flowing fluid in a pipe with respect to some reference
B.S.E. , Balasore
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line. It is also defined as the line which is obtained by joining the tops of all vertical
ordinates the sum of pressure head and kinetic head from centre of pipe.
Types of flow :The fluid flow is classified as






Steady & unsteady flows
Uniform & non uniform flows
Laminar & turbulent flow
Compressible & non compressible flows
Rotational & irrational flow

6. A 30 cm diameter pipe conveying water branch into two pipes diameter 25 cm
and 20 cm respectively. If the average velocities is 30 cm & 20 cm pipe 2.5 m/s
& 1m/sec. Calculate velocity in 25 cm pipe.[2017(W) 2/b]
Ans:- Given data
D1 = 30 cm = .3m
A1 = π /4 x D12 = π /4 x .32 = 0.07068 m2
V1 = 2.5 m/s
D2 = 25cm = .25m
A2 = π /4 x D22 = π /4 x .252 = .04908 m2
V2 =?
D3 = π /4 x .22 = 0.0314 m2
V3 = 1 m/s
Q1 = Q2 +Q3
A1V1 = A2V2 + A3V3
 .07068 x 2.5 = .04908 x V2 + 0.0314 x 1
 V2 = 2.96 m/sec

Ans

7. A 30 cm diameter pipe conveying water branch into two pipes diameter 25 cm
and 20 cm respectively. If the average velocities is 30 cm & 20 cm pipe 2.5 m/s
& 1m/sec. Calculate velocity in 25 cm pipe.[2019(W),5]
Ans:- L = 2m
Head of water, H1 = 1.5 m
Velocity approach , Va = 1.5 m/sec
Cd = .62
Ha = Va2 /2g = 1.52 / 2*9.81 = .1147 m
B.S.E. , Balasore
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Discharge over a rectangular weir
Q=

2

=

2

3
3

Cd x L √2𝑔 [( H1+ ha)3/2 – ha3/2]
.62 x 2 √2 𝑥 9.81 [( 1.5+ .1147)3/2 – .11473/2]

= 7.37 m3 / sec

8. Write short notes on ( i) Hydraulic jump (ii) Reynold’s number .[2015 (W) 7/c]
Hydraulic jump: - Consider flow of water over a dam. The height of water at section is
small. As we move toward downstream, the height or depth of water increases rapidly
over a short length of channel. This sudden increase of depth of water is called a
hydraulic jump.
The hydraulic jump is defined as the rise of water level, which takes place due to
transformation of unstable shooting floe ( super critical) to stable streaming flow ( sub
critical flow).
When hydraulic jump takes place, a loss of energy due to turbulence occur.
Reynold’s number:- It is defined as the ratio of inertia force of a flowing fluid and the
viscous force of fluid.
Reynold’s number = Re= Fi / Fv
=

Inertia force of flowing fluid
viscous force

Inertia force Fi = mass X acceleration of flowing fluid
= ρ x volume x velocity / time
= ρ x AV x V = ρAV2
Viscous force = shear stress x area
=τxA
= (µdu/dy) x A = µVA/L
Reynold’s number = Re= Fi / Fv = ρAV2 / µVA/L = ρVL / µ

Reynold’s number at pipe flow Re = ρVd / µ
9. Find the discharge of water in lit/ min for a pipe diameter 0.2m, if the
average velocity
of flow is 1.5 m/s. If the pipe reduces to 1m diameter at
another section, what will be velocity of flow at that section?[2017(w),2(d)]
Ans :B.S.E. , Balasore
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D1 =.2m
A1 = π /4 x D12 = π /4 x .22 = 0.0314 m2
V1 = 1.5 m/s
D2 = .1m
A2 = π /4 x D22 = π /4 x .12 = .0078 m2
V2 =?
A1V1 = A2V2
 V2 =

0.0314 𝑥 1.5
.0078

= 6.038 m/sec

Q = A1V1 = .0314 x 1.5 = 0.0471 m3/sec = 47.10 lit/sec
10. Explain principle of Pitot tube for measurement of velocity in stream
channel? [2015(W) 4/b]
A pitot tube is an instrument to determine the velocity of flow at the required point in
a pipe or a stream. In this simplest form a pitot tube consist of a glass tube bent a
through 90° as shown in fig.
The lower end of the tube faces the direction of the flow as shown in fig. The liquid
rises up in the tube due to the pressure exerted by the flowing liquid. By measuring
the rise of liquid in the tube, we can find out the velocity of the liquid flow.
Let h = height of the liquid in the Pitot tube above the surface
H = depth of tube in the liquid, &
v = velocity of the liquid
Applying Bernoulli’s equation for the section 1 & 2
H + (v2 / 2g) = h +h

( Z1 = Z 2 )

Or h = v2 / 2g
v = √2gh
11. A circular sewer of 1m diameter is half full, water flows through it at a the
rate of 0.2 𝐦𝟑 / s . Find the slope of sewer if mannings n= 0.013. [2015 (W) 6/c]
Ans :D = 1m, r = 0.5m
H = 0.013
Q = .2 m3/sec
I = slope of water surface
A = (π /2) X r2 = (π /2) X .52 = 0.393 m2
B.S.E. , Balasore
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Wetted perimeter = P = πd / 2 = π x 1 /2 = 1.571
Hydraulic mean depth m = A/P = 0.393 / 1.571 = 0.25 m
Q = A x 1/N x m2/3 x i1/2
 .2 = 0.039 x 1 / 0.013 x 0.252/3 x i1/2
 6.615 x 10-3 = .397 x i1/2
 i = 2.75 x 10-4
ans

12. A horizontal venturimeter 20 X 10 cm is used to measure the flow of oil of
sp. Gr. 0.7. Find the deflection of mercury gauge, if the discharge of oil is 60 lit/
sec. Assuming the co-efficient of discharge as 0.98. [2015(W) 2/b]
D1 =.2m
A1 = π /4 x D12 = π /4 x .22 = 0.0314 m2
D2 = .1m
A2 = π /4 x D22 = π /4 x .12 = .00785 m2
Cd = 0.98
Difference of pressure head h = x

Sh

[

− 1]

So

 h=x

13.6

[

0.7
 h = 18.43x

Discharge through venturimeter Q =
 60 = .987 x

 60 =

− 1]

Cd a1 a1
√a1 2− a22

.0314 ∗0.00785
√.0314 2−.007852

2.416 ∗ 10−4
.0304

√2gh

√2 ∗ 9.8 ∗ 18.43x

𝑋 19.015√𝑥

 X = 19.92 cm
So the Deflection of mercury 19.92 cm.

Ans

13.what are the assumptions made in the derivation of bernoullis
equation?Derive bernoullis equation from Eulers equation?[2019(W),2(d])
Ans: It states, “For a perfect incompressible liquid, flowing in a continuous stream, the total 21nergy;
of a particle remains the same, while the particle moves from one point to another.” This statement
is based on the assumption that there are no “losses due to friction in the pipe. Mathematically,
p
Z + V2/2g +
= Constant
w.
where
Z = Potential energy,
V2/2g =Kinetic energy, and
B.S.E. , Balasore
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p
= Pressure energy.
w.
Proof
Consider a perfect incompressible liquid, flowing through a non-uniform pipe as shown in Fig-

Fig. 2.1
Let us consider two sections AA and BB of the pipe. Now let us assume that the pipe is running full and
there is a continuity of flow between the two sections.
Let
Z1 = Height of AA above the datum,
P1= Pressure at AA,
V1 = Velocity of liquid at AA,
A1 = Cross-sectional area of the pipe at AA, and
Z2,P2,V2,A2= Corresponding values at BB.
Let the liquid between the two sections AA and BB move to A' A' and B' B' through very small lengths
dl1 and dl2 as shown in Fig. This movement of the liquid between AA and BB is equivalent to the
movement 'of the liquid between AA and A' A' to BB and B' B', the remaining liquid between A' A' and
BB being uneffected.
Let W be the weight of the liquid between AA and A' A'. Since the flow is continuous, therefore
W = wa1dI1 = wa2dL2
W
or
a1 X dl1=
...(i)
w
W
Similarly a2dl2=
w
a1 . dL1 = a2 dL2
...(ii)
We know that work done by pressure at AA, in moving the liquid to A' A'
= Force x Distance = P1. a1 . dL1
Similarly, work done by pressure at BB, in moving the liquid to B' B'
=-P2a2dl2
...(Minus sign is taken as the direction of P 2 is opposite to that of P1)
:. Total work done by the pressure
= P1a1dl1- P2a2dl2
=P1a1dl1-p2a1dl1
…(a1dl1=a2dl2)
W
W
= a1.dl1 (P1- P2) =
(P1 - P2) …( a1.dl1 =
)
w
w
Loss of potential energy
= W (Z1-Z2)
B.S.E. , Balasore
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W
(v22-v12)
2g
We know that loss of potential energy + Work done by pressure
= Gain in kinetic energy
W
W
W (Z1-Z2)+
(P1 - P2) =
(v22-v12)
w
2g
(Z1-Z2)+(p1/w)-(p2/w)=v22/2g-v12/2g
Or Z1 + v12/2g+ (p1/w)=Z2+ v22/2g+(p2/w)
which proves the Bernoulli's equation.
and again in kinetic energy =W[(V22/2g)-( V12/2g)]=

Euler's

Equation For Motion

The "Euler's equation for steady flow of an ideal fluid along a streamline is based on the
Newton's Second Law of Motion. The integration of the equation gives Bernoulli's equation in the
form of energy per unit weight of the flowing fluid. It is based on the 'following assumptions:
1. The fluid is non-viscous (i.e., the frictional losses are zero).
2. The fluid is homogeneous and incompressible (i.e., mass density of the fluid is constant).
3. The flow is continuous, steady and along the streamline.
4. The velocity of flow is uniform over the section.
5. No energy or force (except gravity and pressure forces) is involved in the flow.
Consider a steady' flow of an ideal fluid along a streamline. Now consider a small element
AB of the flowing fluid as shown in Fig.
Let
dA = Cross-sectional area of the fluid element,
ds = Length of the fluid element,
dW = Weight of the fluid 5!1ement,
p = Pressure on the element at A,
p + dp = Pressure on the element at B, and
v = Velocity of the fluid element.
We know that the external forces tending to accelerate the fluid
element in the direction of the streamline
= p. dA - (p + dp) dA
Fig. 2.2
= -dp.dA
We also know that the weight of the fluid element,
dW =
g. dA . ds
From the geometry of the figure, we find that the component of the weight of the fluid element
,in the direction of flow
= g . dA . ds cos
= = -

g . dA . ds(
g. dA. dz

)

…cos

=

= .dA.ds
,We see that the acceleration of the fluid element
Now, as per Newton's Second Law of Motion, we know that
Force = Mass x Acceleration
B.S.E. , Balasore
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(- dp . dA) - (

g . dA . dz-) =

. dA . ds
…(dividing both side by -

Or
This is the required Euler's equation for motion and is in the form of a differential
Integrating the above equation,
'

)

equation.

gz+v2/2=constant
P + wZ +Wv2/2g=constant
+Z+ v2/2g=constant (Dividing by w)
or in other words,
+Z1+(v12/2g)=
+Z2+(v22/2g)
which proves the Bernoulli's equation.
Q.Describe different types of heads of liquid in motion?[2018(w)(new)]
Ans: The energy, in general, may be defined as the capacity to do work. Though the energy exits in
many forms, yet the following are important from the subject point of view:
1. Potential energy,
2. Kinetic energy, and
3. Pressure energy.
Potential Energy of a Liquid Particle in Motion:It is energy possessed by a liquid particle by virtue of its position. If a liquid particle is Z m
above the horizontal datum (arbitrarily chosen), the potential energy of the particle will be
Z metre-kilogram (briefly written as mkg) per kg of the liquid. The potential head of the liquid, at
point, will be Z metres of the liquid.
Kinetic Energy of a Liquid Particle in Motion:It is the ehergy, possessed by a liquid particle, by virtue of its motion or velocity. If a liquid particle
is flowing with a mean velocity of v metres per second; then the kinetic energy of the particle will be
V2/2g mkg per kg of the liquid. Velocity head of the liquid, at that velocity, will be V2/2g metres of
the liquid.
Pressure Energy of a Liquid Particle in Motion:It is the energy, possessed by a liquid particle, by virtue of its existing pressure. If a liquid particle
p
is under a pressure of p kN/m2 (i.e., kPa), then the pressure energy of the particle-will be
mkg
w.
per kg of the liquid, where w is the specific weight of the liquid. Pressure head of the liquid
p
under that pressure will be
metres of the liquid.
w.
Total Energy of a Liquid Particle in Motion:The total energy of a liquid, in motion, is the sum of its potential energy, kinetic energy and pressure
energy, Mathematically total energy,
p
E = Z + V2/2g +
m of Liquid.
w.
B.S.E. , Balasore
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Total Head of a Liquid Particle in Motion:The total head of a liquid particle, in motion, is the sum of its potential head, kinetic head and pressure
head. Mathematically, total head,
p
H = Z + V2/2g +
m of liquid.
w.
Q.Define notch and types of notches.write down their discharge formula?[2018(w)2,(c)]
Ans: A notch is a device used for measuring the rate of flow of a liquid through a small channel
or a tank. It may be defined as an opening in the side of a tank or a small channel in such a way
that the liquid surface in the tank or channel is below the top edge of the opening.
Classification Of Notches And Weirs:The notches are classified as :
I. According

to the shape of the opening:

(a) Rectangular notch,
(b) Triangular notch,
(c) Trapezoidal notch, and
(d) Stepped notch.
2. According to the effect of the sides on the nappe:
(a) Notch with end contraction.
lb) Notch without

end contraction

or suppressed

notch

Discharge Over A Rectangular Notch Or Weir
The expression for discharge over a rectangular notch or weir is the same.

Fig. 2.9
Rectangular notch and 'weir:Consider a rectangular notch or weir provided in a channel carrying water as shown in Fig Let
H = Head of water over the crest
L = Length of the notch or weir
B.S.E. , Balasore
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The total discharge, Q=

3/2

cd

Discharge Over A Triangular

Notch Or Weir:-

The expression for the discharge over a triangular notch or weir is the same. It is derived as : Let
H = head of water above the V- notch
= angle of notch
5/2

Total discharge, Q=
d
For a right angle V Notch ,if C d=0.6
0

, tan
5/2

Discharge, Q =
5/2

=1.417
Discharge Over A Trapezoidal

Fig. 2.11
Notch Or Weir:-

A trapezoidal notch or weir is a combination of a rectangular and triangular notch or weir. Thus the
total discharge

will be equal to the sum of discharge through a rectangular weir or notch and

discharge through a triangular notch or weir.
Let

H = Height of water over the notch
L = Length of the crest of the notch

Cd1 = Co-efficient or discharge. for rectangular portioo ABCD of Fig.
Cd2 = Co-efficient of discharge for triangular portion [FAD and BCE]
The-discharge through rectangular portion ABCD is given by

or

Q1=

3/2

d1

The discharge through two triangular notches FDA and BCE is equal to the discharge through a
single triangular notch of angle e and it is given by equation
5/2
Q2=
d2
Discharge through trapezoldal notch or weir FDCEF = Q1 + Q2

=

d1L

B.S.E. , Balasore
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Long type
1. A horizontal pipe line 40m long is connected to a water tank at its one end &
discharge freely in to the atmosphere at other end. For the first 25m of its
length from the tank the pipe is 150mm diameter & its diameter is suddenly
enlarged to 300mm. The height of water level in tank is 8m above the center of
pipe. Considering all losses of head which occur, determine the rate of flow. Take
f= .01 for both section of pipe. [2013(W) 5/c]

Ans :- length of pipe in 1st part l1 = 25m
length of pipe in 2nd part l2 = 40-25 = 15m
d1 = 150mm = 0.15m , d2 = 300mm = 0.3m
H = 8m , f = 0.01
Using continuity equation a1v1 = a2v2

B.S.E. , Balasore
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 v1 = a2v2 / a1

=

π/4 x (0.3)

2

π/4 x (0.15)

= 4 v2

V2

2

Head losses
0.5 V12

(i) at entrance , h1 =

2g

(ii) Loss due to friction for 1st part h2 =

4flvV1 2
2gd1

(iii) loss due to sudden enlargement h3 =

(V1 – V2 )2
2g

(iv) loss due to friction for second part h4 =

4flV22
2gd2

V2 2

(v) los at exit h5 =

2g

Total loss H = h1 + h2 + h3 + h4 +h5

8=
8=
 8=
 8=

0.5 V1 2
2g

+

4flV1 2
2gd1

0.5 x 16V2 2
2g
V2

+

V2 2
2g

(V1 – V2)2
2g

4fl x 4V2 2

2

2g

+

( 0.5 x 16 +

2gd1

+

4flV2 2

+

2gd2

(4V2 – V2 )2
2g

16 x 0.01 x25

+

0.15

9

+

+

V2 2
2g

4flV2 2

+

2gd2

4 x 0.01 x15
0.3

+

V2 2
2g

)

x 46.67

 V22 = 8x2x9.81 / 46.67 = 3.36
 V2 = √3.36 = 1.83 m/s
Rate of flow Q = a2 v2 = π/4 x (0.3)2 x 1.83 = 0.12935 m3 /sec
= 129.35 lit / sec
2. State & derive Bernoulli’s equation, mention clearly assumption underlying it.
[2019(W) 2/d]
It states that in a steady, ideal flow of an incompressible fluid, the total energy at any
point of the fluid is constant. The total energy consists of pressure Energy, kinetic
energy & potential energy, or datum energy
Bernoulli’s equation is obtained by integrating the Euler’s equation of motion
dp

∫ ρ + ∫ gdz + ∫ vdv
Or
B.S.E. , Balasore
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2

=
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p

Or
p

ρg

+z+

V2
2g

=

constant

= Pressure energy per unit wt. of fluid or pressure head

ρg

Z = Potential energy per unit wt or potential head
V2

= Kinetic energy per unit wt. or kinetic head

2g

Assumption taken are





The
The
The
The

fluid is ideal ,that is viscosity is zero
flow is steady
flow is incompressible
flow is irrotational

3. The height of water on the upstream & downstream side of submerged weir
4m length are 350 & 200 mm respectively. If Cd for free & downed portion are .6
& .8 respectively. Find the discharge over weir.
[2017(W) 4/c]
Ans :Height of water on upstream side H = 350mm = .35m
Height of water on downstream side h = 200mm = .20m
Length of weir ,L = 4m
Cd1 = 0.6 , Cd2 = 0.8
Q=

2

=

2

3

3

Cd1 x L √2𝑔 ( H - h)3/2 +

2
3

Cd2 x L √2g ( H − h)

0.6 x 4 √2 ∗ 9.81 (.35 - .20)3/2 +

2
3

0.8 x 4 √√(2 ∗ 9.81) (.35 − .20)

= 1.509m3 /sec
4. An irrigation canal 1.5 horizontal and 1 vertical to carry 12 𝐦𝟑 /sec with a bed
slope of 1 in 4800. The co-efficient of friction in Manning formula is n= .012.
Find the dimension of most economical canal section. [2015(W) 2/g]
Ans :- Side slope (n) = 1:1.5
Q = 12 m3/sec
i = 1/4800
N = 0.012
For most economical one


b +2 x 0.66 d
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b +2n d

=

2

=

d √n2 + 1

d √0.662 + 1
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b +1.32 d

=

2
 b = 1.07d

1.12 d

Area A = d(b+nd)
= d( 1.07d +0.66d) = 1.73d2
M = d/2
Discharge Q = A x 1/N x m2/3 i1/2





12 = 1.73 d2 x 1/0.012 x (d2/3 / 22/3 )x (1/4800)1/2
12 = 1.73 d2 + 0.76 d2/3
12 = 2.49 d8/3
d = (4.81)3/8 = 1.8m

b = 1.07d = 1.07 x 1.8 = 1.93m

B.S.E. , Balasore
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Chapter – 3
Short type
1. In what condition negative slip occur in reciprocating pump? [2012)W) 1/k]
The difference between theoretical discharge and actual discharge is called the slip of
the pump. If actual discharge is more than the theoretical discharge the slip of pump
will become –ve. In this case the slip of pump is known as negative slip
Negative slip occurs when delivery pipe is short, suction pipe is long and pump is
running at high speed.
2. What do you mean by slip of pump? [2011, 2010 (W)]
The difference between theoretical discharge and actual discharge is called the slip of
the pump.
Slip = Qthe. - Qact
% of slip = (Qthe. - Qact ) x 100 / Qthe.
3. How does the reciprocating pump differs from centrifugal pump? [2009(w) 1/f]
B.S.E. , Balasore
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 While centrifugal pumps make use of fast rotating impellers, reciprocating
pumps use cylinders that have back and forth moving plungers inside.
 Centrifugal pumps are better suited for liquids having high viscosity whereas
reciprocating pumps are ideal for liquids having low viscosity
 There is a problem of priming whenever there is a leakage in centrifugal pumps
whereas there is no such problem in reciprocating pumps.
 Reciprocating pumps have a constant flow and head whereas centrifugal pumps
have variable flow and head.
4.What is a centrifugal pump?[2019(w)(old),1(h)]
Ans: The hydraulic machines which convert the mechanical energy to hydraulic energy are called
pumps. The hydraulic energy is in the form of pressure energy. If the mechanical energy is
converted, into pressure energy by means of centrifugal force acting on the fluid, the hydraulic
machine is called centrifugal pump.

Medium type
1. A single acting reciprocating pump runs 50 rpm discharge 3.5 liter of liquid
per second. The dia of bore is 15 cm & stroke length 30 cm raises water from a
sump. Find the theoretical average discharge & slip.
Ans : Speed of the pump (N) = 50 rpm
Acutal discharge Qact = 3.f lit/ sec = 0.0035 m3 /sec
Dia of piston = 15 cm = 0.15m
Area A =

π
4

x 0.152 = 0.017m2

Stoke L = 30 cm = 0.3m
Theoritical discharge for single acting reciprocating pump is given by
Qth =

ALN
60

=

0.017 x 0.3 x 50
60

=

0.00425 m3 / sec

Slip = Qthe. - Qact = 0.00425 – 0.0035 = 0.00075 m3 / sec
B.S.E. , Balasore
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2. A double acting reciprocating pump having piston area .1 𝐦𝟐 has stoke length
.35m long. The pump is discharging 2.5 𝐦𝟑 / min at 50 rpm through height of
9.8m. Find slip of pump & the power required to drive the pump. [2011(W) 2/h]
Ans :- Area A = 0.1m2
Stoke length L = 0.35 m
Actual discharge Q = 2.5 m3 / min = 2.5 / 60 = 0.0416
Spped of pump = N =50 rpm
Height or head = 9.8 m
Theoritical discharge for double acting pump
Qth =

2ALN
60

=

2 x 0.1 x 0.35 x 50
60

= 0.0583 m3 / sec

Slip = Qthe. - Qact = 0.0583 -0.0416 = 0.0167 m3 / sec

(Ans)

Power required to drive the double acting pump
P=

2ρg x ALN x ( hs + hd)
60000

= 16.023 KW

B.S.E. , Balasore

=

2 x 1000 x 9.8 x50x0.1x9.8
60000

(Ans)
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Long type
1. with the neat sketch describe the working of single acting reciprocating
pump. [2013 (w) 1/ c]

B.S.E. , Balasore
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Reciprocating pump consists of following parts.
1.
2.
3.
4.

A cylinder with a piston
piston rod
connecting rod
crank

5. suction pipe
6. delivery pipe
7. suction valve
8. Delivery valve

Working of a reciprocating pump:A single acting reciprocating pump, which consists of a piston which moves forwards
and backwards in a close fitting cylinder. The movement of the piston is obtained by
connecting the piston rod to crank by means of a connecting rod. The crank is rotated
by means of an electric motor. Suction and delivery pipes with suction valve and
delivery valve are connected to the cylinder. The suction and delivery valves are one
way valves or non-return valves, which allow the water to flow in one direction only.
Suction valve allows water from suction pipe to the cylinder which delivery valve
allows water from cylinder to delivery pipe.
The rotation of the crank brings about an outward and inward movement of the piston
‘P’ in the cylinder ‘C’. During the suction stroke the piston is moving towards right in
the cylinder, this movement of piston causes vacuum in the cylinder. The pressure of
the atmosphere acting on the sump water surface forces the water up in the suction
pipe ‘S’. The forced water opens the suction valve V1 and the water enters the cylinder.
The piston from its extreme right position starts moving towards left in the cylinder.
The movement of the piston towards left increases the pressure of the liquid inside the
cylinder more than atmospheric pressure. Hence suction valve closes and delivery
valve V2 opens. The liquid is forced into the delivery pipe and is raised to a required
height.
For one revolution of the crank, the quantity of water raised up in the delivery pipe is
equal to the stroke volume in the cylinder in the single acting pump and twice this
volume in the double acting pump.

2. Describe the various parts of a centrifugal pump with neat diagram.
[2019(w) 2/f ]

Centrifugal pumps are used to transport fluids by the conversion of rotational kinetic
energy to the hydrodynamic energy of the fluid flow. The rotational energy typically
comes from an engine or electric motor.

B.S.E. , Balasore
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Main part
 Impeller – the rotating part of a centrifugal pump called impeller. It consists of
series of backward curved vanes.
 Casing – casing is an air tight passage surrounded the impeller in such a way
that the kinetic energy of the water discharged at the outlet of the impeller.
 Suction pipe with a foot valve & a strainer – A pipe whose one end is connected
to the inlet of the pump 7 other end dips into the water in sump is known as a
suction pipe.
 Delivery valve – A pipe whose one end is connected to the outlet of the pump &
other end delivers the water at a required height is known as delivery pipe.
The followings are the main parts of a centrifugal pump:
1.
2.

Impeller
Casing

3.

Suction pipe with a foot valve & a strainer

4.

Delivery Pipe

All the main parts of the centrifugal pump are shown in Fig 19.1
1. Impeller: The rotating part of a centrifugal pump is called ‘impeller’. It consists of a series of
backward curved vanes. The impeller is mounted on a shaft which is connected to the shaft of an
electric motor.
2. Casing: The casing of a centrifugal pump is similar to the casing of a reaction turbine. It is an airtight passage surrounding the impeller & is designed in such a way that the kinetic energy of the water
B.S.E. , Balasore
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discharged at the outlet of the impeller is converted into pressure energy before the water leaves the
casing & enters the delivery pipe. The following three types of the casings are commonly adopted:
a.

Volute casing as shown in Fig.19.1

b.

Vortex casing as shown in Fig.19.2(a)

c.

Casing with guide blades as shown in Fig.19.2(b)

a) Volute casing as shown in Fig.3.1the Volute casing, which is surrounding the impeller. It is of
spiral type in which area of flow increases gradually. The increase in area of flow decrease
velocity of flow. Decrease in velocity increases the pressure of water flowing through casing. it
has been observed that in case of volute casing, the efficiency of pump increases.
b) b) Vortex casing. if a circular chamber is introduced between the casing and impeller as shown in
fig.3.1,the casing is known as vortex casing .by introducing the circular chamber, loss of energy
due to formation of eddies is reduced to a considerable extent. thus efficiency of pump is more
than the efficiency when only volute casing is provided.
c) c) Casing with guide blades. This casing is shown in fig.3.1 in which the impeller is surrounded
by a series of guide blades mounted on a ring which is known as diffuser. the guide vanes are
designed in which a way that the water from the impeller enters the guide vanes without stock.
Also the area of guide vanes increases, thus reducing the velocity of flow through guide vanes and
consequently increasing the pressure of water. the water from guide vanes then passes through the
surrounding casing which is in most of cases concentric with the impeller as shown in fig.3.1.

d) 3. suction pipe with foot-valve and a strainer: A pipe whose one end is connected to the inlet of
pump and other end

dips into water in a sump is known as suction pipe. A foot valve which is

a non-return valve or one –way type valve is fitted at lower end of suction pipe. Foot valve opens
only in upward direction. A strainer is also fitted at lower end of suction pipe.
e) 4. Delivery pipe: a pipe whose one end is connected to outlet of pump and other end delivers
water at a required height is known as delivery pipe.
General working principle: Like most pumps, a centrifugal pump converts rotational
energy, often from a motor, to energy in a moving fluid. A portion of the energy goes
into kinetic energy of the fluid. Fluid enters axially through eye of the casing, is caught
up in the impeller blades, and is whirled tangentially and radially outward until it
leaves through all circumferential parts of the impeller into the diffuser part of the
casing. The fluid gains both velocity and pressure while passing through the impeller.
B.S.E. , Balasore
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The doughnut-shaped diffuser, or scroll, section of the casing decelerates the flow and
further increases the pressure.
Common uses include water, sewage, petroleum and petrochemical pumping. The
reverse function of the centrifugal pump is a water turbine converting potential energy
of water pressure into mechanical rotational energy.
3. A double acting reciprocating pump running at 50 rpm, is dischargeing 900 l
of watre per min. The pump has stoke of 400mm. The dia of piston is 250 mm.
The delivery & suction head are 25m & 4m respectively. Find the slip of the
pump & power required to drive the pump. [2013(w)]
Ans:- Speed of the pump (N) = 50 rpm
Acutal discharge Qact = 900 Lt/ min = 0.0015 m3 /sec
Dia of piston = 250 cm = 0.25 m
Area A =

π
4

x 0.252 = 0.049m2

Stoke L = 400 cm = 0.4m
Suction head hs = 4m
Delivery head hd = 25m
Theoritical discharge for single acting reciprocating pump is given by
Qth =

2ALN
60

=

2 x 0.049 x 0.4 x 50
60

=

0.03 m3 / sec

Slip = Qthe. - Qact = 0.03 – 0.015 = 0.017 m3 / sec

(Ans)

Power required to drive the double acting pump
P=

2ρg x ALN x ( hs + hd)
60000

= 9.29 KW

B.S.E. , Balasore
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2 x 1000 x 9.8 x .049 x.4x50 (4+25)
60000

(Ans)
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