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Vision of Civil Engineering Department:
The department of Civil Engineering strives to produce qualified engineers, researchers and
professionals to serve the society with sustainable development.
Mission of Civil Engineering Department:



To provide quality education and prepare competitive graduates for successful career in
Civil Engineering.
To develop research opportunities that creates competent professionals who are trained in
the design and development of environment friendly Civil Engineering system.

Programme Educational Objectives:








Graduates of Civil Engineering Program will be prepared to take the challenges in the field
of Civil Engineering
To provide Graduates with a sound Knowledge in mathematical, scientific and Civil
Engineering fundamentals required to solve engineering problems and also to pursue
higher studies.
To train students with good scientific and engineering breadth in Construction industry &
many field of Civil Engineering.
To build the confidence of students leading to professional and ethical integrity, effective
communication skill, leadership, so that they can apply engineering knowledge for
betterment of society.
To provide a good competitive learning environment so that graduates of Civil Engineering
will be ready to meet the needs of Indian and multinational construction industries.

Program specific outcomes
The students are able to demonstrate:





The knowledge of planning and designing of the system components for building planning,
transportation, water resources, estimating, costing and scheduling the construction
processes.
The fundamental knowledge of analysis and design of various structures with an
understanding of associated safety, quality and economy.
The knowledge of field data collection and material characterization to provide
constructive and creative engineering solutions that reflect social and environmental
sensitivities

i

Lab outcomes: After the completion of this course students will be able to,
CO1: estimate the friction and measure the frictional losses in fluid flow.
CO2: measure the fluid pressure using pressure measuring devices.
CO3: determine the coefficient of discharge of various flow measuring devices.

Mandatory instructions for students:
1. Students should report to the concerned labs as per the given timetable.
2. The components required pertaining to the experiment should be collected from Lab incharge well before experiment and the entry should be made in the log book.
3. When the experiment is completed, students should disconnect the setup made by them,
and should return all the components/instruments taken for the purpose and make the
counter entry in the logbook.
4. After completion of the experiment, the entries of observations should be made in the
observation table of lab book, all required calculations should be done along with result
and conclusion. student should get it assessed through concerned faculty in-charge.
5. Any damage of the equipment or burnout of components will be viewed seriously.
6. Students should not leave the lab without concerned faculty’s permission.
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1 DETERMINATION OF CENTER OF GRAVITY (PRE REQUISITE)
Aim: To determine the center of gravity of irregular objects.
Material Required: Cardboards of different shapes, thread, nail, pencil, rule/straight edge, load,
etc.
Theory:
All bodies are attracted towards the center of the earth with a force which is equal to its
weight. The point in the body at which the weight appears to be concentrated is called its ‘center
of gravity ‘.
The point where the total mass of the body seems to act is the center of gravity. The center
of gravity of all bodies can be determined by balancing the body on a knife edge or by suspension
with a plumb line from several points. In most cases, the center of gravity of a body lies in the
body itself, but in few cases such as the horse-shoe magnet, wine glass and conical flask, the center
of gravity lies outside as shown in following figure.

Figure 1.1Center of gravity

Figure 1.2 An irregular object
Figure 1.4 Intersection of lines to
indicate CG
Figure 1.3 Plumb line attached to
object
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Procedure –
1. Cut an irregular shape from cardboard.
2. Make three holes close to the edges of the irregularly shaped cardboard.
3. Suspend the object to swing freely on a needle or nail through one of the holes created.
4. Attach a plumb line to the needle or nail and mark its position on the cardboard with the help of
a ruler or a straight edge.
5. Repeat steps 3 and 4 for the remaining holes, mark the positions of the plumb-lines carefully.
6. Locate the intersection of the three lines drawn; this indicates the center of gravity of the object.
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MEASUREMENT OF VISCOSITY OF VARIOUS FLUIDS

AIM: To study the viscosity of given oil at varying temperature.
EQUIPMENTS: Redwood Viscometer, Measuring Flask, Thermometer & Stopwatch.
THEORY:
Redwood viscometer is based on principle of laminar flow through capillary tube of
standard dimension under falling head. The Viscometer consists of vertical cylinder with an orifice
at the center of base of inner cylinder. The cylinder is surrounded by water bath which can maintain
temperature of liquid to be tested at required temperature. The water bath is heated by electric
heater. The cylinder which is filled up with liquid whose viscosity is to be determined after which
it is heated by water bath to desired temperature. Then orifice is opened and time required to pass
50 cc of liquid is noted. With this arrangement variation of viscosity with temperature can be
studied. In case of Redwood viscometer kinematic viscosity and time required to pass 50 cc of
liquid are co-related by expression,
n=C*t
Where, n (Nu) = Kinematic viscosity in stoke
t = Time in seconds to collect 50 cc of oil.
C = Equipment Constant (To be found every time by using water)

PROCEDURE:
1. Level instrument with help of circular bubble and leveling foot screws.
2. Fill water bath.
3. Close orifice with ball valve and fill the cylinder upto index mark.
4. Record steady temperature of oil.
5. By lifting ball valve, collect 50 cc of liquid in measuring flask and measure time required for
collecting the liquid in measuring flask.
6. Repeat procedure for different temperatures by heating oil with water bath.
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Figure 2.1 Redwood viscometer

OBSERVATION TABLE:
Temperature (°C)

Kinematic Viscosity 𝑛 =

Time to collect 50cc of oil in
time ‘t’ (Sec)

Kinematic Viscosity ‘n’
(Stokes)

0.0026 𝑡−1.175
𝑡
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SPECIMEN CALCULATIONS: First we’ve to find Equipment constant, using water,
Kinematic Viscosity 𝑛 = 𝐶 ∗ 𝑡
n for water at NTP = 0.801
Let t = 25 seconds.
Therefore,
𝑛 =𝐶∗𝑡
0.801 = 𝐶 ∗ 25
C = 0.03204 (Using Water)
Then, after taking actual readings,
For 50 °C,
𝑛1 = 𝐶 ∗ 𝑡

𝑛1 = 0.03204 ∗

178
100

(divide by 100 to convert it to Stokes or cm2/s)

n1 = 0.057 Stokes = 0.057 * 10-4 m2/s
We know that,
𝝁𝟏 = 𝝆 ∗ 𝒏𝟏 = (940 * 0.057 * 10-4) = 0.0535 Poise
𝝁𝟐 = 𝝆 ∗ 𝒏𝟐 =…………………………… =

(μOil = 940 kg/m3)
(μ = Dynamic Viscosity)

𝝁𝟑 = 𝝆 ∗ 𝒏𝟑 =………………………….... =

RESULT:
 Kinematic viscosity of given oil at 400 °C is ……….. Stokes.
CONCLUSION:
 Kinematic viscosity ………………decreases / increases with ………… increase /
decrease in temperature.
 Rate of …………decrease / increase of kinematic viscosity ………..increases / decreases
with ………….increase / decrease in temperature.
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DEMONSTRATION OF WORKING OF DIFFERENT TYPES OF VALVES AND
PIPE FITTINGS

Various types of pipe fittings are available in plumbing systems for different purposes and
functions. A pipe fitting is used in plumbing system to join multiple pipes of same size or different
sizes, to regulate the flow or to measure the flow. They are made up of different materials like
copper, iron, brass, PVC etc.
Types of Pipe Fittings in Plumbing System
Different pipe fittings and their functions are explained below.









Elbow
Reducer
Tee type
Cross type
Coupling
Unions






Adaptors
Olet
Plug
Cap
Valve

Elbow Pipe Fittings
Elbows are used to change the direction of flow between two pipes. Elbows are generally available
with an angle of 22.5o, 45o and 90o. If pipes are of same diameter, then normal elbows are used
otherwise Reducer elbows are used. Elbows are made of different materials. These are generally
coming with female threads and we can fix them by butt or socket welding also.

Figure 3.1 Elbow

Reducer Pipe Fittings
Reducer is a pipe fitting component which reduces the flow size from larger to smaller by reducing
size of pipe. Usually there are two types of reducers are available. One is concentric reducer which
is like cone shaped with gradual decreasing around the pipe but in this case accumulation of air
may possible and it results in cavitation. Other one is eccentric reducer which is having one edge
parallel to connecting pipe due to which air accumulation is not possible.
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Figure 3.2 Pipe reducer

Tee type Pipe Fitting
Tee type fitting is a component of plumbing system which is in T-shape. It is having one inlet and
two outlets, outlets are arranged at 90o to the main line connection (inlet). It can also be used to
combine the flow from two inlets to one outlet. They are also available in different materials and
different sizes. If the 3 sides of T-fitting are similar in size then it is called as Equal tee otherwise
it is called as Unequal tee.

Figure 3.3 Tee fitting

Cross type
Cross type fittings contain 4 opening in 4
directions. These are connected when there
are 4 pipes are meeting at a point. These
fittings generate more amount of stress on
pipe as the temperature changes, because
they are located at the center of four
connection points. Cross fittings are
generally used for fire sprinkler systems.

Figure 3.4 Cross

Coupling
A coupling is used to connect the pipes of same diameter. Coupling are also useful if the pipe is
broken or leakage occurs. Generally, there are two types of couplings are available. Compression
coupling and slip coupling. Compression coupling is regular coupling which is connected between
7

two pipes and it prevents leakage by the arrangement of gaskets or rubber seals on both sides,
otherwise glue is provided. Slip coupling is easier to install and it contains two pipes which are
arranged as one into other, inner pipe can slide up to some length. So, we can fix long length
damaged pipe by slip coupling.

Figure 3.5 coupling

Unions
Union is a type of fitting, which functions as
similar to coupling. But coupling cannot be
removed after fixing but in this case we can
remove the union whenever we needed.
Unions consists nut, male and female ended
threads. So, this is also useful for maintaining
purpose of pipe.

Figure 3.6 Union

Adapters
If the pipes are not having special ends or plain ends, then adaptors make them threaded either
male or female whichever is needed. Adopters are generally used for copper and PVC pipes. Male
adapters contain male threads and female adapters contains female threads. One end of adapter is
plain which is glued or welded or soldered to the plain pipe end.

Figure 3.7Adapter
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Olet
Olets are used when there are standard sizes of fittings are not suitable for our requirement.
Sometimes the inlet pipe size is larger compared to outlet pipes in t-sections then also Olets are
used. There are many types of olets are available. Some important types of olets are:







Butt-Weldolet
Socket weld Olet
Threaded olet
Elbow olet





Nipple olet
Lateral olet
Sweepolet
Flange olet

Figure 3.8 Olet

Plug
Plug is a component of plumbing component
which is generally used to close pipe opening
during inspections and repairs. Plug
generally contains male threads.

Figure 3.9 Plug

Cap
Cap is a type of pipe fitting whose function is
same as plug but the only difference is plug
contains male thread and cap contain female
threads which is screwed on the male thread
of pipe. These are available in different
materials like rubber, copper, steel, plastic
etc.

Figure 3.10 Cap
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Valves in Pipe Fittings
Valves are components of plumbing system which are used to stop or regulate flow of fluid in its
path. Different types of valves are available depending up on their applications.

Figure 3.11 Valves

Some important types of valves and its applications are listed below.






Gate valve, plug valve and Ball valve – used for isolation only
Globe valve – used for throttling
Check valve – used for preventing reverse flow (non-return)
Butterfly valve – used for isolation as well as throttling
Diaphragm valve – used for isolation as well as throttling
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MEASUREMENT OF PRESSURE: PIEZOMETER, MANOMETER, PRESSURE
GUAGES
AIM: To study various pressure measuring devices.
APPPARATUS:
Piezometer, simple ‘U’ tube manometer, Pressure Gauge, Sump Tank, Measuring Tank, 0.5 HP
Pump.
DESCRIPTION:
Manometers are simple devices that employ liquid columns for measuring pressure difference
between two points.
1. Piezometer:
This simplest form of manometer is called a Piezometer. In case of piezometer a tube is
attached to a point where the pressure difference is to be measured and its other end left open to
the atmosphere. If the pressure at the point A is higher than the local atmospheric pressure the
liquid will rise in the tube. Since the column of the liquid in the tube is at rest, the liquid pressure
A must be balanced by the hydrostatic pressure due to the column of liquid and the superimposed
atmospheric pressure.

Figure 4.1 Piezometer

In figure 4.1
A = point at which the pressure is to be measured
h = depth of fluid in piezometer above point A
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Observation for piezometer:
pressure at point 𝐴 = 𝜌 ∗ 𝑔 ∗ ℎ
where,
ρ = density of fluid (water) = 1000 kg/m3
g = gravitational acceleration = 9.81 m/s2
h = ………… m
therefore,
A = 1000 * 9.81 * ……… = …………. N/m2
2. U - tube manometer: A manometer with two vertical limbs which forms a U-shaped measuring tube is known a U tube
manometer. A liquid of different specific gravity S2 is used as a manometric fluid. We may recall
the Pascal's law which states that the pressure on a horizontal plane in a continuous fluid at rest is
the same.
Procedure:
1. See that mercury is filled in the U - tube.
2. Now open the inlet cock slowly, observing the mercury (sudden opening of the cock may
cause mercury to be forced out of tube).
3. By operating the cock provided at the “T” remove the air between water and mercury and
note the rise of mercury level in the limb which is open to atmosphere.
4. The difference in the mercury levels in the two limbs is used to determine the pressure of
water.
5. Pressure, if measured in terms of mercury head, can be directly expressed in cm of Hg. If
it is to be measured in kg/cm2, 760 mm. of equal to one atmosphere i.e. 1.0332 kg/cm2.
(1.014 bar)

Figure 4.2 U tube manometer
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P = h (S2 – S1). W N/m2
Where,
P = Pressure to be measure.
S1= Specific gravity of water = 1.
S2 = Specific gravity of mercury = 13.6.
h = Manometer difference m = ……. m
W = Specific weight of water = 9810 N/m3
P = …... * (13.6 – 1) * 9810 = …………

N/m2

3. PRESSURE GAUGE: When the pressure is above atmospheric, bourdon tube type pressure gauge is the simplest
way of pressure measurement, because it gives direct reading of pressure. Pressure gauges are
available in various ranges, e.g. 0 to 1.05 Kg/cm2, 0 to 2.1, 10.5, 21.2 Kg/cm2 etc. and in various
dial sizes, like 65 mm,100 mm, 150 mm. etc.
For observation of pressure, close the connection to all other devices (at the back side) and
slowly go on closing the gate valve. As the gate valve is being closed, & pressure will go on
rising, which will be indicated on the pressure gauge. Observe the pressure gauge reading while
closing the valve.

Figure 4.3Pressure gauge

Pressure P = ……. kg/cm2.

CONCLUSION:
 Hence, studied the working of various pressure measuring devices
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MEASURMENT OF DISCHARGE- CALIBRATION OF MEASURING TANK, USE
OF HOOK GUAGE OR POINT GUAGE
Aim: To calibrate the measuring tank
Apparatus: Measuring tank, one-liter flask, hook gauge or point gauge, weighing balance.
Procedure:
1.
2.
3.
4.
5.
6.
7.
8.

Rinse and dry the measuring tank.
Measure its empty weight.
Take one-liter water in the measuring flask (jar) and pour it into measuring tank.
Mount the depth gauge on the top of measuring tank and adjust it, such that the pointer just
touches the surface of water.
Record the depth gauge reading and the weight of the measuring tank with water.
Add one more liter water in measuring tank in same manner and repeat the procedure.
Fit a linear equation for depth gauge reading versus the quantity of water poured into the
measuring tank.
Use this equation to find the volume of sample collected corresponding to the depth gauge
reading.

Observation table:

Sr.
No

Quantity of water
poured (lit)

1

0

2

1

3

2

4

3

5

4

6

5

Depth of water in
measuring tank (cm)

Weight of measuring
tank with water (gm)

14

Depth of water collected(cm)

Graph:

Quantity of Water collected (liters)

Calculations for linear Equation:

𝑦 = 𝑚𝑥 + 𝑐
Where,
Slope 𝑚 =

𝑦2 − 𝑦1
𝑥2 − 𝑥1

=……………..

Therefore, intersection constant

𝑐 = 𝑦 − 𝑚𝑥 = …………

Result:
The linear equation for depth gauge reading versus the quantity of water poured into the
measuring tank is …………….
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VERIFICATION OF BERNOULLI'S THEOREM

AIM: To verify Bernoulli’s theorem.
DESCRIPTION:
The equipment is designed as Recirculation type set-up. It has a Sump tank, measuring
tank and a pump for water circulation. The apparatus consists of a Supply tank and Delivery tank,
which are connected to a flow channel. The channel tapers for a length of 25 cm. And then
gradually enlarges for the remaining length. Piezometer tubes are fixed at a distance of 5 cm.
center to center for measurement of pressure head.
THEORY:
The Bernoulli’s theorem states that “In an ideal incompressible fluid when the flow is
steady and continuous, the sum of pressure energy, kinetic energy and potential (or datum) energy
is constant along a stream line.”.
It can be noted as,
P1 +

Where P is the pressure head,

𝑉2
2𝑔

𝑉1 2
2𝑔

+ z1 = P2 +

𝑉2 2
2𝑔

+ z2 = Constant

is the velocity head and z is the datum of the point.

In this equipment the z is constant and is not taken for calculations.

PROCEDURE:
1. Keep the bye-pass valve fully open and start the pump and slowly start closing the bye-pass

valve.
2. The water will start flowing through the flow channel and the level in the piezometer tubes shall

go on increasing.
3. Open the valve on the delivery tank side and adjust the head in the piezometer tubes to get a

steady position.
4. Measure the heads at all the points and also discharge in the measuring tank by keeping the

drain valve of measuring tank closed. Measure the time taken for collecting 5 cm / 10 cm of
water by Stop watch.
5. Change the discharge / flow rate and repeat the procedure as above.
6. Prime the pump, if required. This will happen in case the unit is started after a gap of long

period (say after few months).
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Figure 6.1 Bernoulli’s Theorem Apparats

OBSERVATION:
1. Area of measuring tank ‘A’: 0.3 m x 0.4 m = 0.12 m2
2. Time to collect 5 cm of water ‘t” = ………. Sec
3. Discharge 𝑄 =

𝐴 𝑋 0.05
𝑡

=…………… m3/sec

4. Datum ‘z’ = ……….m (Assume)
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OBSERVATION TABLE:
Tube No

c/s area of Pressure
Velocity ‘V’ Velocity
Total
2
2
𝑉
tube ‘a’ (m ) head ‘P’ (m) in (m/s)
head 2𝑔 in m ‘H’ m

1

3.97 X 10-4

2

3.14 X 10-4

3

2.40 X 10-4

4

1.77 X 10-4

5

1.227 X 10-4

6

1.77 X 10-4

7

2.40 X 10-4

8

3.14 X 10-4

9

3.97 X 10-4

head

CALCULATIONS:


𝑄

Velocity ‘V’ =

𝑎

= …..

=

m/sec.

Where a = area of tube in m2


Velocity head
Where,



𝑉2
2𝑔

= ……

=

m

g = 9.81 m/sec2

Total head ‘H’ = P +

𝑉2
2𝑔

+z=

RESULT:
 The average total head: _______________m

CONCLUSION:
 The total head for the given apparatus remains / does not remain constant due to
____________________
18
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DETERMINATION OF METACENTRIC HEIGHT

AIM: - To determine the Metacentric Height of a Cargo / War Ship
INTRODUCTION: Metacenter is defined as, the point about which the body starts oscillating when it is tilted
(inclined) by a small angle.
Metacenter may also be defined as, the point at which the line of action of force of buoyancy will
meet the normal axis of the body when the body is given a small angular displacement.
Metacentric Height is defined as, the distance between the Metacenter of a floating body & center
of gravity.
DESCRIPTION: The ship model is approximately 37 cm size square in plan and is about 23 cm high. The
model is floated on water. The ship is tilted by moving a small weight at the level of the deck of
the ship. To note down the tilt of the ship, a plumb is provided which records the tilt on a graduated
arc of a circle. An arrangement is made to load the ship as a War ship or Cargo ship.
PROCEDURE: 1. Place suitable symmetrical weights at the bottom or deck level of the ship to load it as a
Cargo Ship or war ship respectively.
2. Float the ship on the water.
3. Adjust the balancing weights on both the sides of the ship so that the Plumb indicates zero
reading on the graduated arc.
4. Keep the moving (Hanging) Load/Weight at a distance of 5 cm off the center on left side.
5. Note down the tilt of the ship in degrees.
6. Go on shifting the hanging Load towards left & note down the distance of the center & tilt
of the ship.
7. Repeat the procedure by shifting the load on the right hand side of the center.

19

Figure 7.1 Ship Model
OBSERVATION
W1 = Weight of the ship including balancing weight in grams = 6500 gm
W2 = Total weight added to make it as a Cargo / War Ship = 835 * 2 = 1670 gm
W3 = Weight of the Hanging Load in grams. = 535 gm
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OBSERVATION TABLE: Cargo Ship

Sr.
No.

Distance
of the
center to
the left
‘X1’ in
cm

1

5

5

2

7.5

7.5

3

10

10

4

12.5

12.5

Tilt of
the Ship
‘θ1’ in
degrees

Distance
of the
center to
the Right
‘X2’ in cm

Metacentric
Height=MG1
in cm

Tilt of
the Ship
‘θ2’ in
degrees

Metacentric
Height=MG2
in cm

Average
MG in
cm

SPECIMEN CALCULATIONS: W = (w1 + w2) gm = 6500 + 1670 = 8170 gm
MG1 or MG2 = Metacentric Heights in centimeters.
MG1 =

𝑊3 ∗ 𝑋1
𝑊 tan 𝛉1

=

MG2 =

=

Average MG =

𝑊3 ∗ 𝑋2
𝑊 tan 𝛉2

=

=

𝑀𝐺1 +𝑀𝐺2
2

=

=
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War Ship:

Sr.
No.

Distance
of the
center to
the left
‘X1’ in
cm

1

5

5

2

7.5

7.5

3

10

10

4

12.5

12.5

Tilt of
the Ship
‘θ1’ in
degrees

Distance
of the
center to
the Right
‘X2’ in cm

Metacentric
Height=MG1
in cm

Tilt of
the Ship
‘θ2’ in
degrees

Metacentric
Height=MG2
in cm

Average
MG in
cm

SPECIMEN CALCULATIONS: W = (w1 + w2) gm = 6500 + 1670 = 8170 gm
MG1 or MG2 = Metacentric Heights in centimeters.
MG1 =

𝑊3 ∗ 𝑋1

=

𝑊 tan 𝛉1

MG2 =

=

Average MG =

𝑊3 ∗ 𝑋2
𝑊 tan 𝛉2

=

=

𝑀𝐺1 +𝑀𝐺2
2

=

=

RESULTS: 


Metacentric Height of a Cargo Ship (MGc ) = …………..cm.
Metacentric Height of a War Ship (MGw ) = …………..cm.

CONCLUSION: As the angle of tilt (θ0) increases, Metacentric Height (MG) also ……………increases /
decreases.
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8 CALIBRATION OF AN ORIFICE
AIM: To determine coefficient of discharge of an orifice.
APPARATUS:
Orifice apparatus and measuring tanks with a stopwatch for measuring the actual flow rate.
The orifice apparatus has a sliding hook gauge with it to measure the co-ordinates of the moving
jet.
DISCRIPTION:
Orifice is a sharp edged small circular hole fitted in one side of a reservoir containing fluid.
It may be classified on the basis of their size, shape, upstream edge and the discharge conditions.
Most commonly used are circular and rectangular orifices. It is used to determine the discharge
through a tank.

Figure 8.1 Orifice

PROCEDURE:
1. Note the dimensions of the discharge measuring tank, orifice.
2. Check that the zero of the scale of the inlet tank is the same level as the center line of the orifice.
If not, measure the difference in elevation and take it as zero error.
3. Adjust the opening of the inlet valve till the water level in the supply tank become steady.
4. Note down the head.
5. Using the hook gauge arrangement measure the co-ordinates of the jet in a convenient point.
6. Using collecting tank and stop watch setup measure the actual discharge.
7. Repeat the experiment for different inlet valve openings and tabulate the readings.
8. Plot the characteristics Cd vs h, Cc vs h and Cv vs h.
OBSERVATIONS
1. Diameter of orifice ‘d’ = 0.8 cm
2. Area of measuring tank ‘A’ = 30 cm X 40 cm = 1200 cm2
3. Depth of water collected in measuring tank ‘z’ = ……. cm
5.Area of orifice ‘a’= ……… cm2
23

5

4

3

2

1

No

Sr.

(m)

‘h’

Head

Actual
Discharg
collect h
e
cm water
‘Qac’
‘t’ (sec)
(m3/s)

Time to

X (m)

Y (m)

Actual
velocity
Coordinates of
‘Vac’
the jet
(m/s)

Theoreti
cal
velocity
‘Vth’
(m/s)
Theoreti
cal
nt
of
Discharg
velocity
e ‘Qth’
(m3/s)
‘Cv’

Coefficie
Coefficie
nt of
discharg
e
‘Cd’

Coefficient
of
contraction
‘Cc’

OBSERVATION TABLE:
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CALCULATIONS:
A∗ z



Actual discharge 𝑄𝑎𝑐 =



Actual velocity 𝑉𝑎𝑐 = √ 2𝑦



Theoretical Velocity 𝑉𝑡ℎ = √2𝑔ℎ =



Coefficient of Velocity 𝐶𝑣 =



Theoretical discharge 𝑄𝑡ℎ = 𝑎 𝑉𝑡ℎ =



Coefficient of discharge 𝐶𝑑 =



Coefficient of contraction 𝐶𝑐 =

=

t

𝑔 𝑥2

=

𝑉𝑎𝑐
𝑉𝑡ℎ

𝑄𝑎𝑐
𝑄𝑡ℎ
𝐶𝑑
𝐶𝑣

=

=
=

RESULT:
 The average coefficient of discharge 𝐶𝑑 =


The average coefficient of velocity 𝐶𝑣 =



The average coefficient of contraction 𝐶𝑐 =
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9

CALIBRATION OF MOUTHPIECE

AIM: To find out Coefficient of discharge of given mouthpiece.

APPARATUS: mouthpiece apparatus and measuring tanks with a stopwatch for measuring the
actual flow rate.
DISCRIPTION:
A mouthpiece is a short pipe of length not more than two or three times its diameter, connected
to an orifice of same size provided in the wall of a reservoir containing fluid. It is an extension of
the orifice and through which the fluid is discharged
PROCEDURE:
1. Note the dimensions of the discharge measuring tank, mouthpiece.
2. Check that the zero of the scale of the inlet tank is the same level as the center line of the
mouthpiece. If not, measure the difference in elevation and take it as zero error.
3. Adjust the opening of the inlet valve till the water level in the supply tank become steady.
4. Note down the head.
5. Using collecting tank and stop watch setup measure the actual discharge.
7. Repeat the experiment for different inlet valve openings and tabulate the readings.

Figure 9.1 Mouthpiece
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OBSERVATIONS
1. Diameter of mouthpiece ‘d’ = 2.5 cm
2. Area of measuring tank ‘A’ = 30 cm X 40 cm = 1200 cm2
3. Depth of water collected in measuring tank ‘z’ = …… cm
5.Area of mouthpiece ‘a’= ……… cm2

OBSERVATION TABLE:

Sr. No.

Head ‘h’
(m)

Time to
collect h
cm water
‘t’ sec

Actual
Discharge
‘Qac’ (m3/s)

Theoretical
Discharge ‘Qth’
(m3/s)

Coefficient of
discharge
‘Cd’

1
2
3
4
5

CALCULATIONS:
A∗ z



Actual discharge 𝑄𝑎𝑐 =



Theoretical Velocity 𝑉𝑡ℎ = √2𝑔ℎ =



Theoretical discharge 𝑄𝑡ℎ = 𝑎 𝑉𝑡ℎ =



Coefficient of discharge 𝐶𝑑 =

t

=

𝑄𝑎𝑐
𝑄𝑡ℎ

=

RESULT:


The average coefficient of discharge 𝐶𝑑 =
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10 CALIBRATION OF AN VENTURIMETER

AIM: - To find out Coefficient of discharge of given Venturimeter.
DESCRIPTION: This equipment is designed as Re-circulation type set-up with a standard Venturimeter
fitted in a pipeline. A Sump Tank is provided on which the Measuring Tank, pump & piping
assembly with Venturimeter are fitted, making the system recirculation set-up. A Venturimeter of
d/D ratio 0.5 – 1” diameter is provided in the line. Connections of pressure tapings are given to
the differential manometer. Control valve is provided to vary the flow rate of the discharge.

Figure 10.1 Venturimeter and Orificemeter apparatus

PROCEDURE
1. Fill the Sump tank with clean water (preferably non salty) up to 3/4th level of the tank.
Ensure that bye-pass control valve is fully open.
2. Before starting the unit first time or after a long period follow the given steps…
3. Open the back cover of the Mono-block Pump.
4. Ensure whether the fan shaft is rotating freely. If not, then make it free by rotating the shaft
till it becomes free.
5. After making the shaft free then fix the back cover.
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6. Keep the bye-pass valve, the downstream valve of the pipe line open.
7. Now switch on the pump. If discharge is not there, then stop the pump and prime the pump
by opening the overflow valve of the pump (Brass valve on the pump).
8. Close the bye-pass valve slowly after water starts flowing through the piping to adjust
suitable discharge.
9. Take readings of the manometer connected after closing the tapings.
10. Also measure discharge in the measuring tank.
11. By varying the discharge, take 5 to 6 readings.
OBSERVATIONS
d1 = diameter of inlet of Venturimeter
= 26 mm.
d2 = diameter of throat of Venturimeter
= 13 mm.
S = Specific gravity of manometric fluid mercury = 13.6
OBSERVATION TABLE
Sr.No

h՛ in cm of
mercury

h in m of water
=

ℎ′ (𝑆−1)
100

Time in
secs for 5

Qa in
m3/sec.

Qt in
m3/sec

K or
Cd

cm rise ‘T’

1
2
3
4
5

CALCULATIONS:
Tank Area ∗ z

Qa

=

𝑇

=

0.4∗0.3 ∗ z
𝑇

=

m3/sec

Where T = time in seconds required for 5 cm. height.
z = Ht. of water column = 5cm = 0.05mtr.
ᴨ

a1 = 4 d12 in m2

ᴨ

= 4 x 0.0262

= 5.32 x 10 - 4 m2
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ᴨ

ᴨ

a2 = 4 d22 in m2
𝑄𝑡 =

= 4 x 0.0132

𝑎1 𝑋 𝑎2
√𝑎1 2 − 𝑎2 2

= 1.32 x 10 - 4 m2

√2 𝑔ℎ =

Where
d1 =

Dia. of inlet of the Venturimeter = 26 mm.

d2 =

Dia. of throat of the Venturimeter. = 13 mm

Qa=

actual discharge. = …………m3/sec

a1=

area at inlet of the Venturimeter = …….m2.

a2 =

area at throat of the Venturimeter = ……m2.

Qt = theoretical discharge =……. m3/sec.
g = 9.81 m/sec2
h = Manometer reading in m x (13.6 – 1) =

𝐶=

𝑎1 𝑋 𝑎2

√2 𝑔 = 6.05 X 10 -4

√𝑎1 2 −𝑎2 2

𝑄𝑡 = 𝐶 𝑋 √ℎ =
Where g = 9.81 m/sec2

ℎ=

ℎ′ (𝑆−1)
100

𝐾 𝑜𝑟 𝐶𝑑 =

𝑄𝑎
𝑄𝑡

=

ℎ′ (12.6 −1)
100

=

m

=

RESULT:


The average coefficient of discharge 𝐶𝑑 for Venturimeter is =
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11 CALIBRATION OF AN ORIFICEMETER

EXPERIMENTATION: To find out Coefficient of discharge of Orificemeter.
DESCRIPTION:
This equipment is designed as Re-circulation type set-up with a standard orifice meter fitted
in a pipeline. A Sump Tank, Measuring Tank, pump & piping is provided as a basic set-up.
Orificemeter of d/D ratio of 0.5 is provided in the line. Connections of pressure tapping are given
to the differential manometer.

PROCEDURE
1.
2.
3.
4.
5.

Keep the bye-pass valve open and start the pump. Keep the downstream valve of the
pipe line open
Close the bye-pass valve after water starts flowing through the piping to adjust suitable
discharge.
Take readings of the manometer connected after closing the tapings,
Also measure discharge in the measuring tank.
Change the discharge and take same more readings.

Figure 11.1Venturimeter and Orificemeter apparatus
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OBSERVATIONS
D1 = diameter of inlet of Orificemeter

= 26 mm.

D2 = diameter of throat of Orificemeter = 13mm.
S = Specific gravity of manometric fluid mercury = 13.6

OBSERVATION TABLE:
Sr.No

h՛ in cm of
mercury

h in m of water
=

ℎ′

(𝑆−1)
100

Time in
secs for 5

Qa in
m3/sec.

Qt in
m3/sec

K or
Cd

cm rise ‘T’

1
2
3
4
5

SPECIMEN CALCULATIONS: Qa

Tank Area ∗ z

=

𝑇

=

0.4∗0.3 ∗ z
𝑇

m3/sec

=

Where, T = time in seconds required for 5 cm. height.
z = Ht. of water column = 5cm = 0.05mtr.

ᴨ

a1 = d12
4

a2 =
𝑄𝑡 =

𝑎1 𝑋 𝑎2
√𝑎1 2 − 𝑎2 2

ᴨ
4

d22

ᴨ

= x 0.0262
4

ᴨ

= x 0.0132
4

= 5.32 x 10 - 4 m2
= 1.32 x 10 - 4 m2

√2 𝑔ℎ

32

Where
d1 =

Dia. of inlet of the Orificemeter = 26mm.

d2 =

Dia. of throat of the Orificemeter = 13 mm

Qa=

actual discharge. = …………m3/sec

a1=

area at inlet of the Orificemeter = …….m2.

a2 =

area at throat of the Orificemeter = ……m2.

Qt =

theoretical discharge =……... m3/sec.

g = 9.81 m/sec2
h = Manometer reading in m x (13.6 – 1) =
𝑎1 𝑋 𝑎2

𝐶=

√𝑎1 2 −𝑎2 2

√2 𝑔 = 6.05 X 10 -4

𝑄𝑡 = 𝐶 𝑋 √ℎ =…………. m3/sec
Where g = 9.81 m/sec2
ℎ=

ℎ′ (𝑆−1)
100

=

𝐾 𝑜𝑟 𝐶𝑑 =

ℎ′ (12.6 −1)
100

𝑄𝑎
𝑄𝑡

= ……….

= ……….

Result:


The average coefficient of discharge 𝐶𝑑 for Orificemeter is =
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12 STUDY OF FACTORS AFFECTING COEFFICIENT OF FRICTION FOR PIPE
FLOW
AIM: To determine Co-efficient of Friction of Pipes.
DESCRIPTION:
When a fluid is flowing through the pipe, it is subjected to resistant flow due to shear forces
between the pipe wall and fluid particles also. This resistance is generally called frictional resistance.
This resistance depends upon the velocity of flow and area of surface contact. It also depends upon
the type of flow i.e. laminar or turbulent. Frictional resistances cause loss of pressure in the direction
of flow.
APPARATUS:
The apparatus consists of three pipes with different identifications of G. I. (Galvanized iron)
Pipes and M. S. (mild steel) pipes. so the head can be compared for different diameters. Control valve
is provided at the outlet of pipes which enables to conduct the experiments at different flow rates i.e.
at different velocities.
Tapping’s are provided along the length of pipes so that drop of the head can be observed
along the length of pipe. Each pipe is provided with valve for controlling the heads.
SPECIFICATIONS:
A)

Pipe Friction Circuit :

1.

½” G.I.Pipe

2.

¾”G.I.Pipe

3.

½”M.S. Pipe

( I.D.) internal diameter = 15mm.
(O.D.) outer diameter = 21mm.
( I.D.) = 21mm.
(O.D.)= 27mm.

( I.D.) =17 mm.
(O.D.) = 23 mm.
4. Pipe circuit : Made from G.I. piping.
5. Measuring Tank: Size - 400 x 300 x 300mm.
Material- Made up of 1.22 mm M.S.sheet with F.R.P. (fibre reinforced
polymer) lining from inside.
6. Sump Tank : Size - 900mm x 400 x 400mm.
Material -Made up of 1.22 mm M.S.sheet with F.R.P. lining from inside.
7. Diff. Manometer: For measuring pressure head.
8. Stop Watch.
9. Mono block pump : 0.5 HP, Single phase, 230 V.A.C. with bye-pass valve and suction
piping Kirloskar Make.
10.Basic Frame & stand made from MS hollow square pipe and M.S. angles
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PROCEDURE:
1. Fill up the clean water in the Sump Tank.
2. Open all the outlet valves and start the pump.
3. Check for leakage by closing three of outlet valves, for each pipe. Correct the leakages if any.
4. Open the outlet valves of the pipe to be tested.
5. Remove all the air bubbles from manometer and connecting pipe.
6. Reduce the flow. Adjust outlet valves so that water heads in the manometer will be at readable
height.
7. Note down the heads and flow rate.
8. Now, increase the flow and accordingly adjust the outlet valve so that water will not overflow.
Note down heads and flow.
9. Repeat the procedure for other pipes.
(Note : During measuring the heads, slight variation may occur due to voltage change, valves
etc. In such cases, average readings may be taken.)

Figure 12.1 Pipe friction apparatus
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OBSERVATION TABLE: For Pipe Friction Set-up.
Head Drop‘ h’ in m.

Pipe Dia.

Flow rate ‘ t’ sec( time for 5 cm. rise in sec.)

½” G.I. Pipe
¾” G.I. Pipe
½” S.S. Pipe
CALCULATIONS:
1)

½” Dia. G.I.Pipe
ᴨ

Area of Pipe =

𝐷𝑙 2 m2

4

ᴨ

= 4 (__________)2 m2
Discharge 𝑄 =

0.40 𝑋 0.30 𝑋 0.05
𝑇

Velocity of Water 𝑉 =

𝑄
𝐴

=

=

m3/sec

𝑚/𝑠

Let ‘f’ be the coefficient of friction. Test length of pipe is 1 meter.
For 1 m length, drop of head hf
 hf = Manometer difference.
According to Darcy’s-Welsh batch equation, head loss due to friction

𝑓 𝐿 𝑉2
ℎ𝑓 =
2𝑔𝑑
Where,

f
L
V
g
d

=
=
=
=
=

co-efficient of friction.
Length of pipe = 1 m
Velocity of water m/sec.
Gravitational acceleration = 9.81 m/s2
Inside diameter of pipe, m
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Then,
𝑓=

ℎ𝑓 𝑔 𝑑
2 𝐿 𝑉2

The value of coefficient of friction is not constant and depends upon roughness of inner surface of the
pipe and Reynolds’s number. Any oil content also affects value of ‘f ‘

(Repeat the same procedure for other pipes)
Result:
1) Loss of head due to friction is proportional to length of pipe and square velocity.
2) Loss of head is inversely proportional to inner diameter of the pipe.
3) Average value of ‘f’ for:
a) ½” G.I. Pipe. =
b) ¾” G.I. Pipe =
c) ½” M.S. Pipe=
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13 DETERMINATION OF LOSS OF HEAD DUE TO PIPE FITTINGS

AIM : To determine loss of head in the fittings at various water flow rates.
DESCRIPTION
This equipment is designed as Recirculation type set-up. The apparatus consists of circuit of pipes
with bend and elbow, a sudden expansion and sudden contraction fitting from to 1 diameter.
Pressure tapings are provided at inlet and outlet of these fittings under test. A differential
manometer with manifolds, provided with the unit measures the pressure loss of individual fittings.
This circuit of pipes with the fittings is mounted on the Sump tank and Measuring tank. A mono
block pump fitted on the Sump tank re-circulates the water.
SPECIFICATIONS :for Losses in Pipe Fittings Set-up.
1. Pipe circuit
: Made from GI piping.
2.
Pipe fittings :
Sudden enlargement, contraction, bend, elbow,
control valve and suction piping.
4.
Pipe circuit : Made from GI piping.
5.
Measuring Tank: Size-400 x 300 x 300mm.
Material-Made up of 1.22 mm M.S. sheet with
F.R.P. lining from inside.
6. Sump Tank

: Size- 900mm x 400 x 400mm.
Material - Made up of 1.22 mm M.S. sheet with
F.R.P. lining from inside.

7. Diff. Manometer : For measuring pressure head.
8. Stop Watch.
9.Mono block pump :0.5 HP, Single phase, 230 V.A.C. with bye-pass
valve and suction piping.
10.Basic Frame & stand made from MS hollow square pipe and MS angles
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PROCEDURE
1.Connect all pressure tapings to the common manometer, through block.
2. Allow steady flow of water through the test specimen. Flow can be varied by a
provided in the line.

valve

3.The pressure loss of a particular fitting be noted down on manometer by opening respective
cocks on the manometer board. Make sure that other cocks are in closed position.
4.Collect the water in Measuring Tank by closing the drain valve and note down the time required
for collection of 5cm of water.
5.Now vary the discharge by opening or closing the delivery valve on the bye-pass and carry out
above mentioned procedure.
OBSERVATION TABLE
Sr.
No.

Specimen under test

01.

Sudden contraction

02.

Bend

03.

Elbow

04.

Sudden expansion

h’ ‘cm’
of Hg.

h ‘cm’ of
water

t
time
in sec for 5
or 10 cm.

Result Table:
Q
ccs/sec

VL
cm/sec

VS
cm/sec

H = theoretical loss of head in
cms of water
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OBSERVATIONS
1. d1
2. d2
3. h

= Dia. of larger pipe = 2.54 cm.
= Dia. of smaller pipe = 1.25 cm.
= h’ (13.6 -1) = 12.6 h’ =
in cm of Hg.
Sp. Gravity of Hg = 13.6

h=

in cm of water

4.

𝑎1 =

5.

𝑎2 =

6. 𝑄 =

 𝑑12
4
 𝑑22

= …….m2
= …….m2

4
0.4 𝑋 0.4 𝑋 𝑧
𝑡

𝑚3 /𝑠𝑒𝑐

=

z = height of water in glass tube (5 or 10 cm.)
7. 𝑉𝐿 =
8. 𝑉𝑠 =

𝑄
𝑎1
𝑄
𝑎2

=

m/sec

=

m/sec

Therefore,
theoretical loss for sudden enlargement
(𝑉𝑆 −𝑉𝐿 )2

He =

2𝑔

=

m

theoretical loss for bend and elbow.
𝐾 −𝑉𝑆2

Hb =

2𝑔

=

m

(Assume K = 0.6& 1.5)

theoretical loss for contraction
Hc = (

1
𝐶𝑐

− 1)2 ∗

𝑉𝑠2
2𝑔

=

cm

(Assuming Cc = 0.62)
RESULT:




The theoretical loss for sudden enlargement =……….m
Loss of head in case of bend and elbow = ……… m
theoretical loss for contraction =……….m
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