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Course Overview: 

Fluid Mechanics is an inter-disciplinary course covering the basic principles and its 
applications in Civil Engineering, Mechanical Engineering and Chemical Engineering The 
students will have new problem-solving approaches like control volume concept and 
streamline patterns which are nowadays required to solve the real-life complex problems. 
The visualization of the fluid-flow problems will be demonstrated to enhance student’s 
interest on the subject 

Course Outcomes: 
 

CO.NO. Cognitive Level Course Outcome 

1 Comprehension Students will analyze and perform Bernoulli's theorem in practical 
sense. 

 
2 

 
Application 

Students will understand the concepts of Venturimeter and 
Orificemeter. 

3 Analysis Students will evaluate the use of types of notch in fluid flow 
problems. 

4 Synthesis Students will analyze the orificemeter and mouthpiece. 

5 Evaluation Students will evaluate the problems related to fluid flow. 

 
Prerequisites: 

1. Fundamentals knowledge of Mathematics. 
2. Fundamentals knowledge of physical phenomenon. 
3. Fundamentals knowledge of material science. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 



 

 

 

Course Outcome Mapping with Program Outcome: 
 

Fluid Mechanics Lab 
Course 

Outcome 
PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 PSO3 

CO239.1 3 3 3 2 1 2 1 1 1 1 1 1 1 1 1 
CO239.2 3 2 3 1 1 2 1 1 1 1 1 1 1 1 1 
CO239.3 3 2 3 2 1 1 1 1 1 1 1 1 1 1 1 
CO239.4 3 3 3 2 1 2 1 1 1 1 1 1 1 1 1 
CO239.5 3 2 3 1 1 2 1 1 1 1 1 1 1 1 1 
CO239 
(AVG) 

3 2.4 3 1.6 1 1.8 1 1 1 1 1 1 1 1 1 

 
 



  

 

 

Course Coverage Module Wise: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

Faculty Lab Manual Link: 
https://drive.google.com/file/d/15dFTQBUM-
Cu6Z_VHH9WoeeBxmXa2XXdZ/view?usp=share_link 
 

Viva QUIZ Link 
1. https://www.sanfoundry.com/1000-fluid-mechanics-questions-

answers/ 
2. https://testbook.com/objective-questions/mcq-on-fluid-mechanics--

5eea6a0c39140f30f369e136 
3. https://www.indiabix.com/mechanical-engineering/hydraulics-and-

fluid-mechanics/ 
4. https://byjus.com/gate/fluid-mechanics-mcqs/ 

 
 
 
 
 
 

 
 
 

 

 
 

Assessment Methodology: 

1. Practical exam using Surveying Lab software. 
2. Internal exams and Viva Conduct. 
3. Final Exam (practical paper) at the end of the semester. 



 

EXPERIMENT NO. 1
CALIBRATION OF VENTURIMETER

 
AIM: To determine the co-efficient of discharge   of the given Venturimeter by establishing the 

between discharge and pressure head difference. 

 
APPARATUS: 

1. Venturimeter with pressure tapings at the entrance and the throat installed in a horizontal 

pipeline. 

2. U-tube manometer to measure the difference across the tapings 

3. A constant steady supply of water with a means of varying discharge 

4. Measuring tank and stop watch to measure the actual discharge. 

 
THEORY: 
 
 A Venturimeter is a device used to measure the rate of flow of a liquid in a pipe line. It consists of a 

converging cone, throat section (cylindrical) and a diverging cone. The principle (Bernoulli's theorem) 

used is to measure the difference of head between   two sections and computing the average flow 

velocity from which the discharge is computed using discharge continuity equation. Coefficient of 

discharge (Cd) is the ratio of actual discharge to the corresponding theoretical discharge. 

 

Fig.1: Experimental setup of Venturimeter 



PROCEDURE: 

1. Select a Venturimeter set-up.

2. Note down diameter of the pipe.

3. Connect the two limbs of manometer   to inlet and throat of the Venturimeter.

4. Allow the water to flow in the pipe by opening the gate valve.

5. Vent the manometer by removing the air bubbles    in the tube.

6. Note down the manometer readings4ifference in elevation of manometric fluid in left and 

right limbs

7. Note down   the time required to collect a known height of water in collecting tank.

8. Repeat Steps 6 to 7 for various discharges by varying the gate valve for four more trails.

TABULAR COLUMN:

S. No. Manometer
reading

(m)

Equivalent
water head
h=12.6 X x

(m)

Time taken for
------ cm

Rise in collecting tank 
(s) m3/s

m3/s

1

2

3

4

5

SPECIMEN CALCULATION:

2;

  = 3/s

3/s

h= ;   m;    g = 9.81 (m/s2)

2          = diameter of the pipe

2          = diameter of the pipe



PRECAUTIONS:

1. The Venturimeter should be fixed in the pipeline such that the pipe, on both Sides, is long enough 

and does not affect the flow in Venturimeter.

2. Sufficient time should be given for the flow to become steady-uniform.

3. The air bubbles should be completely removed in the pipe connecting the Manometer. This should 

be achieved only by opening the valves provided at the top of the manometers simultaneously. If 

they are opened separately, the manometric fluid (usually mercury, which is very costly) will spill 

out of.

POSSIBLE ERRORS

1. The manometric reading (head) for the flow through the pipe before and after taking readings of 

volumetric measurements (actual discharge) should be the same. If they   are not same, take the 

average of the two readings for volumetric readings.

2. Reading errors may occur at manometer and volumetric piezometer scale by not recording the 

readings at the eye level.

3. Synchronize stopwatch operations for volumetric measurements.

Note: Typical experimental results are worked out in Excel File-Venturimeter.xis given in the   

accompanying CD.

GRAPHS:

Draw the graph of log vs log h

Where,

, at 

Hence,  

General values of Venturimeter coefficient ranges from Cd 0.95 to 0.98

CALCULATIONS:



FORMULAE:

The discharge through a Venturimeter is given by

Coefficient of discharge, 

Actual discharge, 

Where, 

a = Area of measuring tank; 

r = Rise of water level in the measuring tank, and 

t = Time for _____ cm rise in measuring.

The theoretical discharge through Venturimeter is given by 

Where,

Cross-section area of inlet of Venturimeter

Cross-section area of throat of Venturimeter

h = Equivalent water head = 

= Specific gravity of manometric fluid i.e. mercury = 13.60

s = Specific gravity of flowing fluid i.e. water =1

Difference in levels of manometric fluid in the two limbs of manometer.

RESULT

The coefficient of discharge of Orifice meter =

The coefficient of discharge of Orifice 



 

GRAPH:

 

 

 

 

Draw Qa Vs Qt , find Cd value from the graph and compare it with calculated Cd value from table. 
 

Evaluation Sheet: 

S. No Skills of Assessment Marks Score 

1 Knowledge of equipment 1  

2 Observation and recordings 2  

3 Calculations 2  

4 Graphs and interpretation 2  

5 Viva voice 3  

 Total 10  

 
PRE-LAB QUESTIONS 

1. Write continuity equation for incompressible flow? 

2. What is meant by flow rate? 

3. What is the use of Venturimeter? 

4. What is the energy equation used in Venturimeter? 

5. List out the various energy involved in pipe flow. 

POST-LAB QUESTIONS 

1. How do you find actual discharge? 

2. How do you find theoretical discharge? 

3. What do you meant by coefficient of discharge? 

4. List various components of Venturimeter. 

5.  applications. 



 

EXPERIMENT NO. 2

CALIBRATION OF ORIFICEMETER

 
 AIM: To determine the co-efficient of discharge of the given Orifice meter by establishing the 

between discharge and pressure head difference. 

 
EQUIPMENTS REQUIRED: Orifice meter test rig, Stopwatch 

 
THEORY: 

An orifice plate is a device used for measuring the volumetric flow rate. It uses the same principle as 

a Venturi nozzle, namely Bernoulli's principle which states that there is a relationship between the 

pressure of the fluid and the velocity of the fluid. When the velocity increases, the pressure decreases 

and vice versa. An orifice plate is a thin plate with a hole in the middle. It is usually placed in a pipe 

in which fluid flows. When the fluid reaches the orifice plate, with the hole in the middle, the fluid is 

forced to converge to go through the small hole; the point of maximum convergence actually occurs 

shortly downstream of the physical orifice, at the so-called vena contracta point. As it does so, the 

velocity and the pressure changes. Beyond the vena contracta, the fluid expands and the velocity and 

pressure change once again. By measuring the difference in fluid pressure between the normal pipe 

section and at the vena contracta, the volumetric and mass flow rates can be obtained from 

Bernoulli's equation. Orifice plates are most commonly used for continuous measurement of fluid 

flow in pipes. This experiment is process of calibration of the given orifice meter. 

 

 
 

 

 

 

 

 

 

 

 

         Fig. 2: Experimental setup for Orificemeter



PROCEDURE:
1. Keep the delivery valve open while start and stop of the pump power supply.

2. Switch on the power supply to the pump. 

3. Adjust the delivery flow control valve and note down manometer heads (h1, h2) and time taken for 

collecting 10 cm rise of water in collecting tank (t). 

4. Initially the delivery side flow control valve to be kept fully open and then gradually closing.)

Repeat it for different flow rates.

5. Switch off the pump after completely opening the delivery valve.

TABULAR COLUMN:

S. No. Manometer Reading   
(cm)

Manometer 
Head H

Time for
10 cm rise t

Actual
Discharge Qa

Theoretical
Discharge Qt

Co-eff. of
discharge Cd

h1 h2 hm = h1 - h2 m sec m3/sec m3/sec

1

2

3

4

5

Average Cd value

OBSERVATIONS

The actual rate of flow, Qa = A x h / t (m3/sec)

Where A = Area of the collecting tank = length x breadth (m2) = 0.5 X 0.5 = 0.25 m2

h = Height of water (10 cm) in collecting tank ( m),

t = Time taken for 10 cm rise of water (sec)

The Theoretical discharge through orifice meter, 

H = Differential head of manometer in m of water = 12.6 x hm x 10 -2 (m)

g = Acceleration due to gravity (9.81m/sec2) 

Inlet Area of orifice meter in m2, a1 = d1
2/ 4  

Area of the throat or orifice in m2, a2 = d2
2/ 4

Take inlet diameter of pipe = d1 = 40 mm and Orifice diameter = d2 = 25 mm

The co-efficient of discharge, Cd = Actual discharge / Theoretical discharge = Qa/Qt



 

 
 RESULT 

The co-efficient of discharge 

The co-  

       GRAPH: 
 
 
 
 
 
 
 
 

Draw Qa Vs Qt . 

Find Cd value from the graph and compare it with calculated Cd value from table 
 
 

PRE-LAB QUESTIONS 

1. Write continuity equation for incompressible flow? 

2. What is meant by flow rate? 

3. What is the use of orifice meter? 

4. What is the energy equation used in orifice meter? 

5. List out the various energy involved in pipe flow. 
      

POST-LAB QUESTIONS 

1. How do you find actual discharge? 

2. How do you find theoretical discharge? 

3. What do you meant by co-efficient of discharge? 

4. Define vena-contracta? 

5.  

  
 

 

 

 

 

 

 

 



EXPERIMENT No.: 4
CALIBRATION OF CONTRACTED RECTANGULAR AND TRIANGULAR NOTCH 

NOTCHES
AIM:

To calibrate notches, and thereby establish the relationship between the head over weir and discharge 

APPARATUS:

1.   Approach channel fitted with the notch or weir
2.  A point gauge to measure head over the weir
3.   A constant steady supply of water with a means of varying discharge
4.   Measuring tank and stop watch to measure the actual discharge

THEORY:

A notch or sharp crested weir is  a device used   to measure the discharge flowing through the 
open channel.   The general types of notches according to their geometric shapes are 
rectangular, triangular and trapezoidal.

                      
End contraction: Due to the constriction of flow as it flows through the weir, the actual flow    
decreases.   In case of rectangular weir, the flow through the weir including end contraction is 
given by

As can be seen reduction in flow is triangular portion

   Coefficient of discharge 

   
   Half-

  h= difference between crest reading to gauge reading (head of water over the notch)
   g= 9.81 m/s2

    1/4



Rectangular Notch

S. No. Head over Notch Time for____mm 
rise in tank

M S m3/s m3/s

1

2

3

4

5

SPECIMEN CALCULATION: 

2

    m3/s

g=9.81 m/s2

Hence the triangular portion by the side of rectangular weir with crest width L is having slopes as   
1H: 4V.then the additional flow in the triangular portion of trapezoidal weir will be compensating  
for the end contraction and the flow through Cippoletti weir will be same as rectangular weir.

Coefficient if discharge is the ratio of actual discharge to the corresponding theoretical discharge 
to the weir crest is the point about which the flow is just about to begin.



 

 

                                                           Fig.1 Rectangular Notch 
 
           Procedure: 

1) Select the given notch set-up. 
2) Note down the type of notch by using point gauge. 
3) Note down the crest reading of the notch by using pint gauge. 
4) Allow the water by opening the gate valves. 
5) Note down the final reading by using point gauge. 
6) Note down the time required to fill the particular height of water in the collecting tank  
7) Repeat steps 5to 6 for various discharge by varying the gate valve for four more trails. 

  
         Precautions: 

1. The weir / notch should be fixed exactly in the vertical plane perpendicular to the flow axis. 
2. The weir should be fixed in a position such that it is symmetrical over vertical axis. 
3. Sufficient time should be given foe the flow to become steady-uniform. 
4. Gauge readings should be measured only in peizometre attached to the channel and not on the 

free surface. 
 

         Possible Errors: 
1. Head should be constant in the head tank and the point gauge measurements before and after 

taking the readings of volumetric measurements (actual discharge) should be the same. If the 
measurements are not the same, take the average of the two readings. 

2. Reading error may occur at gauge and volumetric peizometre scale by not recording the 
readings at the eye level. 

3. Synchronize the stop watch operations for volumetric measurement 
 

 
      NOTE:  
 

Typical experimental results are worked out in Excel File-Rectangle.xls, triangle.xls, 
trapezoidal.xls, Broad   crested.xlsa, ogeeweir.xls, given in the accompanying CD. 

 
 
 

 
 
 
 
 
 
 



Triangular Notch:

SPECIMEN CALCULATION: 

2

  m3/s

        g=9.81 m/s2          300 or 450

       

       

S. No. Head over Notch Time for____mm 
rise in tank

M S m3/s m3/s

1

2

3

4

5



Graphs:

Draw the graph of  log vs log h

Rectangular weir and Cipoletti weir

  

       

Where,
Log = log K + n log h                  at   h=1;   

Hence   and n is the slope of the line 

Triangular weir

  

K  = 

Where,

Log log K + n log h          at  h =1; 

Hence,

         And n is the slope of the line 

General values of the varies in between 0.60 to 0.62 depending on the type of notch

Calculations:



 

Results 
 
 
 
 
 
 
 
 

Normal graph 
 
 
 
 
 
 
 
 

       PRE LAB QUESTIONS 

1.Derive expression for theoretical discharge? 

2.Sketch and explain flow through notch apparatus? 

3.What are the applications of square notch? 

4.What is the application of flow through notch? 

5.What are the units of discharge? 

       PRE LAB QUESTIONS 

1. How do understand by theoretical discharge 

2. Explain different types notches 

3. Which one is maximum discharge in all Notches 

4. How do you calculate the Co-efficient of Discharge 

Evaluation Sheet 
 

S.No Skills of Assessment Marks Score 

1 
 

Knowledge of equipment 1  

2 Observation and recordings 2  

3 Calculations 2  

4 Graphs and interpretation 2  

5 Viva voice 3  

 Total 10  

 



EXPERIMENT: 3

    COEFFICIENT OF DISCHARGE FOR A SMALL ORIFICE BY CONSTANT HEAD 
METHOD

AIM: To determine the.coefficient of discharge for a small orifice by constant head method

APPARATUS:
1. Orifice
2. Stop clock
3. Collecting Tank
PROCEDURE

1. Open the valve and let the water in to the balancing tank
2. Adjust the inlet valve such that the water remains constant at particular head.
3. Record the head orifice (H cm) i.e. the height of water surface from the center of orifice
4. At a particular head collect water flowing through the orifice in a collecting tank and note the   

time taken for collection of water
5. Repeat the experiment for six different heads.

CALCULATIONS
Theoretical discharge through an orifice 

                 

Where a= Area of cross section of orifice

H= Head of the orifice

g= acceleration due to gravity

Actual discharge through orifice is given by Ca=Cd   ×Qth

Determination of coefficient of discharge by constant head method for an orifice

Diameter of an orifice= 3.0 cm

Size of collecting tank 50*50 cm2



OBSEVATIONS

   RESULTS: 

              

               

S.NO. Head (H cm) Rise of water 

in collecting 

Tank (R cm)

Volume of 

collecting 

Tank(cm3)

Actual 

discharge

Qa =V/T

Theoretical 

discharge

Qth =

Coefficient of discharge

K= Qa/Qth

S.No Skills of Assessment Marks Score

1 Knowledge of equipment 1

2 Observation and recordings 2

3 Calculations 2

4 Graphs and interpretation 2

5 Viva voice 3

Total 10



 

EXPERIMENT.5 

DETERMINATION OF FRICTION FACTOR IN PIPES 

      AIM: To determine Darcy friction co-efficient. 
 
      APPARATUS:  
 

1. A small diameter pipe line  
2. U-tube manometer to measure the difference across the tapings 
3. A constant steady supply of water with a means of varying discharge 
4. Measuring tank and stop watch to measure the actual discharge 

 
      THEORY:  

Due to the viscous resistance between the layers of flowing fluid and the layer and boundary, 
friction is developed, which opposes the motion. This co-efficient of friction can be obtained 
from Darcy  Weisbach equation. 

 
     PROCEDURE:  
 

1. Note down diameter of the pipe. 
2. Connect the two limbs of manometer to the two gauge pints. 
3. Allow the water to flow into the pipe by opening the gate valve. 
4. Vent the manometer by removing the air bubbles in the tube. 
5. Note down the difference in the level of manometric fluid in the left and right limb. 
6. Note down the time required to fill particular height of water in the collecting tank. 
7. Repeat Steps 3 to 5 for various discharges by varying the gate valve for four more trials. 

 
      
 
 
 
 
      



PRECAUTIONS: 

1. The pipeline should be long enough such that the sufficient head loss is recorded in the 
manometer.

2. Sufficient time should be given for the flow to become steady uniform.
3. The air bubbles should be completely removed in the pipe connecting the manometer. This 

should be achieved only by opening the valves provided at the top of the manometers 
simultaneously. If they are opened separately, the manometric fluid (usually mercury, which 
is very costly) will spill out of manometer.

CALCULATIONS:

FORMULAE:

Where,

Head loss due to friction = 

m = Specific gravity of manometric fluid, i.e. water = 13.60
s = Specific gravity of flowing fluid, i.e. water = 1.00

Difference in levels of the manometric fluid in the two limbs of manometer

f = Coefficient of friction.
Length of the pipe; d = Diameter of the pipe.

V = velocity of water in the pipe =  

= Actual discharge

a = Cross section area of the pipe
g = Acceleration due to gravity = 9.81m/s2

Actual discharge, 

A = Area of measuring tank
r = Rise of water level in the measuring tank
t = Time for r cm rise in measuring

SPECIMEN CALCULATION:
2;



2; d = diameter of the pipe

  for < 2000

for 2000 < < 106

POSSIBLE ERRORS: 

1. The manometric reading (head) for the flow through the pipe before and after taking readings 
of volumetric measurements (actual discharge) should be the same. If not, take the average of 
the two readings for volumetric readings.

2. Reading errors at manometer and volumetric piezometer scale may occur by not recording the 
readings at the eye level.

3. Synchronize the stopwatch operations for volumetric measurements.
4. U-tube mercury manometer records very low head difference by showing small readings. 

Using inverted U-tube manometer will have better sensitivity.

GRAPH: Draw vs f graph

CALCULATIONS:

TABULAR COLUMN:

S. 
No.

Manometer

reading

Equivalent

water head

h=12.6x

Time for

------mm

Rise in tank 
(t)

Velocity of 

Water

F

M M S m3/s m/s

1

2

3

4

5



 

      
 
 
     
 
 
   CALCULATIONS: 
 
 
 
        RESULTS 
 
 
       NORMAL GRAPH 
 

       Evaluation Sheet 
 

S.No Skills of Assessment Marks Score 

1 
 

Knowledge of equipment 1  

2 Observation and recordings 2  

3 Calculations 2  

4 Graphs and interpretation 2  

5 Viva voice 3  

 Total 10  

 

   PRE-LAB QUESTIONS 

 
1. List out the various types of pipe fittings? 

2. What do you meant by minor losses? 

3. What are the types of losses in pipe flow? 

4. What do you meant by entry loss? 

5. What do you meant by exit loss? 

 
POST-LAB QUESTIONS 

 
1. What is the equation for head loss due to sudden enlargement? 

2. What is the equation for head loss due to sudden contraction? 

3. What is the equation for head loss due to bend? 

4. What is the equation for head loss at entry of pipe? 

5. What is the equation for head loss at exit of pipe? 

6. Which  turbine? 



 

 

                                                             EXPERIMENT.6 

DETERMINATION OF COEFFICIENT FOR MINOR LOSSES  
 
    AIM: 
 
    Determination of coefficients due to sudden enlargement and sudden contraction 
 
     APPARATUS:  
 

A small diameter pipe line consisting of sudden expansion and sudden contraction sections 
1. U-tube manometer to measure the difference across the tapings 
2. A constant steady supply of water with a means of varying discharge 
3. Measuring tank and stop watch to measure the actual discharge 

 
     THEORY: 
  

Head losses in flow through pipes are classified into major and minor losses. Minor losses include 
head loss due to sudden enlargement and sudden contraction. As the stream line leaves the boundary, 
due to sudden expansion, lot of eddy currents and flow reversals are generated and head loss occurs in 
the pipe. Even in head loss due to sudden contraction, mainly loss is due to the sudden expansion from 
Veena- contracta to the pipe diameter. 
Veena- contracta: It is the minimum cross-sectional area of flow attained by the contracting fluid jet 
before it starts to expand again. 
 

 
     
 
 
 
 
 



PROCEDURE:

1. Note down the diameter of the pipe.
2. Connect the manometer to the gauge points of the apparatus.
3. Allow the water by opening the gate valve.
4. Note down the difference in the level of manometric fluid in the left and right limb.
5. Note down the time required to fill particular height of water in the collecting tank.
6. Repeat steps 4 and 5 for various discharges by varying the gate valve for four more trials.

PRECAUTIONS:

1. The pipeline should be long enough before and after the device (bends expanded and contracted 
pipes such that the head loss recorded in the manometer is not affected due to the other losses.

2. Sufficient time should be given for the flow to become steady- uniform.
3. The air bubbles should be completely removed in the pipe connecting the manometer. This should 

be achieved only by opening the valves provided at the top of the manometers simultaneously. If 
they are opened separately, the manometric fluid (usually mercury, which is very costly) will spill 
out of manometer.

Tabular column:

S.No
.

Head 
loss due 
to

Manom
eter 
reading

x

Equivalent 
water 
head

h = 12.6

Time for 

____ mm 
rise in 
tank(t)

Velocity 
of water

Velocity 
of water

or 

Sudden

Enlarge
ment

m M S m3/s m/s m/s

1

2

3

4

5

1

Sudden 

contract
ion

2

3

4

5



CALCULATIONS:

FORMULAE:

And

Where,

= Head loss due to sudden contraction =  

= Specific gravity of manometric fluid i.e. mercury = 13.60

s = Specific gravity of flowing fluid i.e. water = 1.00
= Difference in levels of the manometric fluid in the two limbs of manometer

V, V1 = Velocity of water in the pipe (smaller diameter) = 

= Velocity of water in the pipe (larger diameter) = 

= Actual discharge in m3/s

= Cross- sectional areas of the pipe (larger and smaller diameter respectively)

g = Acceleration due to gravity = 9.81 m/s2

= Diameter of the pipe (larger and smaller diameter, respectively)

Actual discharge,   

A = Area of measuring tank.
r = Rise of water level in the measuring tank.
t = Time for r mm rise in measuring tank

POSSIBLE ERRORS:

1. The manometric readings (head) for the flow through the pipe before and after taking readings of     
volumetric measurements (actual discharge) should be the same. If they are not same, take the average 
of the two readings for volumetric readings.
2. Reading errors may occur at manometric piezometer scale by not recording the readings at the eye 
level.
3. Synchronize the stopwatch operations for volumetric measurements.

U-tube mercury manometer records very low head difference by showing small readings. Using   
inverted U-tube manometer will have better sensitivity.

NOTE: Typical experimental results are worked out in Excel File-Minorlosses.xls given in the 
accompanying CD.

SPECIMEN CALCULATION:

2;

= 3/s



SUDDEN ENLARGEMENT:

= ;            g = 9.81 (m/s2)

V1 = = 2          = diameter of the pipe

V2 = = 2          = diameter of the pipe

SUDDEN CONTRACTION:

= 2)

V = 2;  = diameter of the pipe (Smaller diameter)

RESULTS

Normal graph:

Evaluation Sheet

S.No. Skills of Assessment Marks Score

1 Knowledge of equipment 1

2 Observation and recordings 2

3 Calculations 2

4 Graphs and interpretation 2

5 Viva voice 3

Total 10

      



 

 
 
                 PRE-LAB QUESTIONS 

 
1. List out the various types of pipe fittings? 

2. What do you meant by minor losses? 

3. What are the types of losses in pipe flow? 

4. What do you meant by entry loss? 

5. What do you meant by exit loss? 

 
POST-LAB QUESTIONS 

 
1. What is the equation for head loss due to sudden enlargement? 

2. What is the equation for head loss due to sudden contraction? 

3. What is the equation for head loss due to bend? 

4. What is the equation for head loss at entry of pipe? 

5. What is the equation for head loss at exit of pipe? 

6. Which  turbine? 
 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



EXPERIMENT.7

THEROM

AIM:
Theorem

APPARATUS:

1. paratus
2. Collecting tank
3. Stop watch to measure the time of collection 
4. Meter scale to measure the internal dimensions of the collecting tank

THEORY:

   
fluid, the total energy unit weight or total head of each particle remains same along a stream line 
provided no energy is gained or lost.

above principle experimentally helps in better understanding of the principles of hydraulics.

Total head (or) total energy per unit weight,

Where,
Z = datum head =position of conduit with respect to datum 

Velocity head

V= Velocity of flow =

g = Acceleration due to gravity 

piezometric head or pressure head 

W= Specific weight i.e., weight per unit volume = 

Mass density is the mass per unit volume of water.



Observations and Tabulations

Cross 
section

Time 
for H 
mm 
rise 
't'in 

Avg 
time 

't'  

Discharge  
Q= AH/t

Velocity 
V= Q/a

Velocity 
head 

V^2/2g

Pressure 
head      

h= P/W

Datum 
head z

Total 
head H

s S mm^3/s mm^3/s mm/s mm mm

No. Area Trail
1 a1 1 2
2 a2
3 a3
4 a4
5 a5
6 a6
7 a7

Note:  
The head in S.I units is meters or m. however, in this experimental setup , since the dimensions are 

peizometer tube. In case pressure gauges are used the head is calculated as 



Specimen calculations:

Area of collecting tank A= L B = mm2

Discharge Q= = mm3

Velocity V=                                 =                        mm/s

Velocity head                                     =                        mm

Pressure head                               =                        mm

Datum head                    z                                =                         mm

Therefore total head at each station                    mm

Description of Equipment:

The experimental setup consists of a convergent- divergent passage of rectangular cross section made 
out of clear transparent sheet to facilitate visual observation of the flow. The passage walls are so 
made that the top of the wall is horizontal and the side walls are vertical and mutually parallel to each 
other. The lower wall is so constructed that it gives passage to the required convergence and 
divergence. The total length of test section of the passage is divided into number of equal lengths, 
where the peizometric tubes are fitted. Each of these peizometric tubes is provide with scale to 
measure the pressure energy or pressure heads.

At both the ends of the passage tanks are provided, which help to stabilize the flow. The calibrated 
scale is provided to measure the volume of water in the measuring tank based on the water level in the 
gauge glass.

The setup is provided with an arrangement for injecting a dye into the passage at its entrance through 
a fine nozzle with the help of which usual observation of the flow can be made.

Procedure: 

The experiment is conducted with datum line taken at the center line of the rectangular channel of   

1. Open the inlet valve to allow the flow from sully tank through the conduit. Also admit the dye into 
the passage.



 

2. Adjust the outlet valve of the apparatus, so that a constant head is maintained in the supply tank of 
apparatus. 

3. Remove air bubbles in the peizometer tubes. Measure the pressure heads of various sections of the 
conduit with peizometers placed at each section. 

4.  
5. Calculate the velocity and hence velocity head. 
6. Tabulate the observations and calculate the total heads. 

 
   

Graphs: 
The graphs of pressure head, velocity head, and total head are drawn at various cross sections taking 
the cross section areas on x-axis. 

 
 
 
 

 
 
 

Calculations: 
 
 
 
 
Results: 
 

 
 

Normal Graph: 
 
 

  
PRE-LAB QUESTIONS 

         1. State  theorem? 

         2. What is continuity equation? 

         3. What do you meant by potential head? 

         4. What do you meant by pressure head? 

         5. What do you meant by kinetic head? 

         



 

       POST-LAB QUESTIONS 
1. What do you meant by velocity head? 

2. What do you meant by HGL? 

3. What do you meant by datum head? 

4. What is the use of piezometer? 
 

 
 
         Evaluation Sheet 

 
 

 
 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

S.No Skills of Assessment Marks Score 

1 Knowledge of equipment 1  

2 Observation and recordings 2  

3 Calculations 2  

4 Graphs and interpretation 2  

5 Viva voice 3  

 Total 10  



 

 
EXPERIMENT.8 

IMPACT ON JET VANES  
AIM:  To determine the coefficient of impact of jet by comparing the momentum in a fluid jet with 
the force generated when it strikes a fixed surface/vane. 

 
       APPARATUS: 
 

1. A nozzle of known diameter 
2. A flat plate/vane of which the water jet can impinge 
3. Weighing pan, weights and lever arm to measure the force of the jet on the flat plate 
4. A constant steady supply of water with a means of varying discharge 
5. Measuring tank and stop watch to measure the actual discharge 

     THEORY:  
 

The apparatus consists of a water jet issuing from a nozzle with a high velocity, which is connected to 
a high head pump main or an over head tank. All the pressure head of water is converted in to velocity 
head by the nozzle, which discharges the water in to the atmosphere. The jet then strikes the vane. The 
kinetic energy of the jet is transmitted to the vanes which lifts the vane upwards. 

 
Fig.No.1 Experimental setup of Impact of jet  

 
 

 
      
 



PROCEDURE:

1. Fit the flat vane into slot and weighing pan to the lever arm.
2. Measure the differential lever arms l1 and l2 from pivot to the weighing pan and pivot to the vane, 

respectively.
3. Note down diameter of the jet/nozzle.
4. Balance the lever arm system by means of counter weight for no load.
5. Open the gate valve by 1 or 2 rotations.
6. Place the weight on the hanger.
7. Start the pump.
8. Adjust the jet so that the weight applied on hanger is balanced.
9. Note down the following readings:

(i) Weight on the hanger (w)
(ii) Time for 50 mm rise of water level in the measuring tank (t)

10. Repeat steps 6, 8 and 9 for different weights on hanger for four more trials.

CALCULATIONS:

FORMULAE:

Actual force lifted, 

Theoretical force lifted, 

Efficiency of the vane,  

Tabular Column:

S.

No.

Weight 
on 

hanger

(w)

Time for ---
----------mm

rise in 
tank(t)

Velocity 
of water 

jet Ft Efficiency

( )

gm kN S m3/s m/s kN

1

2

3

4

5

OBSERVATIONS:

Area of measuring tank 2



Angle of the vane =
Lever arm lengths, 

Diameter of the jet = d

SPECIMEN CALCULATION:

Actual discharge,  

Actual force lifted,   

Where

and = Lever arm lengths

Theoretical force lifted, 

= Specific weight of water 9.81 kN/m3

a = Cross section area of the jet
V = Velocity of water

= Angle of the vane

     Efficiency of the vane, 

Results:

GRAPHS:

Draw the graph of vs .The slope of the straight line fit gives the efficiency

PRECAUTIONS:

1. Fix the vane exactly symmetrical with the jet axis except for inclined vane. In the case of inclined 
vane, the fixed vane angle should match with the angle specified on the vane.

2. Sufficient time should be given for the flow to become steady-uniform.
3. The balancing arm should be made near frictionless by proper oiling at the pivot.
4. The balancing drum should be properly placed such that the balancing arm should be horizontal 

after fixing the vane and weight hanger in position.
5. The weights are too small and should be properly calibrated periodically.
6. Volumetric measurements can be preferred to pressure gauge readings to avoid errors in the 

computation of the jet velocity.



 

        POSSIBLE ERRORS:  
 

1. Sensitivity of the pressure gauge may affect the computation of velocity of the jet. 
2. The horizontal level of the balancing arm should be properly adjusted. 
3. The head for the flow through the pipe for the jet before and after taking readings of volumetric 

measurements (actual discharge) should be the same. If not, take the average of the two readings 
for volumetric readings. 

4. Reading errors at volumetric piezometer scale by not recording the readings at the eye level. 
5. Synchronize the stopwatch operations for volumetric measurements. 
6.  

NOTE: Typical experimental results are worked out in Excel File-Impact.xls given in the 
accompanying CD.  

 

      CALCULATIONS: 

 

        Results: 

 

 

          NORMAL GRAPH  

         Evaluation Sheet 
 

S.No Skills of Assessment Marks Score 

1 

 
Knowledge of equipment 1  

2 Observation and recordings 2  

3 Calculations 2  

4 Graphs and interpretation 2  

5 Viva voice 3  

 Total 10  

 
 

PRE-LAB QUESTIONS 

1. What is the water jet? 

2. What is the effect of water jet on vanes? 

3. What do you meant by impact? 

4. List out different types of vanes? 

 



 

 

 

 

 

 

POST-LAB QUESTIONS 

1. How do you compare different vanes? 

2. What do you meant by co-efficient of impact? 

3. How do you measure the force of the jet? 

4. How do you measure actual flow rate? 

5. How do you measure theoretical flow rate? 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

EXPERIMENT.9 

PERFORMANCE TEST ON PELTON WHEEL TURBINE 

       AIM: 
        Performance test on Pelton Wheel (Turbine) (a) at constant head and (b) at constant Speed  
 
       APPARATUS: 
 

1. Centrifugal pump to supply water at required head 
2. Peloton Wheel 
3. Pipe network system with necessary control valves 
4. Pressure gauge  
5. Tachometer to measure the speed of the shaft.  
6. Venturimeter along with manometer to measure the discharge 
7. Rope brake with spring balance and weighing pan to measure torque 

 
THEORY: 

 
Peloton turbine is a high head, impulse turbine, which is used to generate electricity at high heads of 
water. All the available head is converted into velocity head by means a nozzle which is controlled by 
spear and nozzle arrangement. 
A Venturimeter with a U-tube manometer is provided to calculate the amount of water (discharge) 
supplied to the turbine. Pressure gauge is fixed to measure the head of water. Using the tachometer the 
speed of the turbine is measured. 

 
Experimental Setup of PELTON WHEEL 

 
 
 



PROCEDURE:

1. Prime the pump with water. 
2. Keep the nozzle opening to the required position.

Open the gate valve 1 or 2 rotations.
3. Start the motor
4. Allow the water into the turbine and the turbine will start rotating.
5. Fix the weight hanger to the rope of the brake drum with no load on weight hanger.
6. By varying the gate valve, keep the head constant using the pressure gauge to the required head in 

case of experiment on constant head or keeps the speed constant using the tachometer to the 
required speed in case of experiment on constant speed.

7. Note down the following readings :
(a) Pressure gauge reading, G
(b) Vacuum gauge reading, V
(c) Speed of the turbine, N
(d) Manometer readings, 

(e) Load on weight hanger, 

(f) Spring balance reading indicating the frictional loss between the brake drum and rope 

(g) Repeat step 8 for different load conditions by varying the load on the weight hanger either to 
constant head or for constant speed.

(h) Note down the above readings G, V, N, 

(i) Take at least 5 sets of readings by varying the load.
(j) Calculate the efficiency of the turbine.

FORMULAE:

Where,     

Diameter of the inlet of Venturimeter and  = diameter of the throat of Venturimeter

h = =       m           g = 9.81 m/ 

h = Equivalent water head
= Specific gravity of manometric   fluid,   i.e. mercury = 13.60

S = Specific gravity of flowing fluid, i.e. water = 1.00
= Difference in levels of the manometric   fluid in the two limbs of manometer 



Q = Discharge
H = Head (G × 10)          m(pressure gauge reading)

Output of the turbine = O.P = 

T = (

Load on brake drum in kg

Spring balance reading in kg

Weight of the hanger in kg

Efficiency of the

Tabular Column

PRECAUTIONS
1. Check for the priming of the pump so that air bubbles are not developed.
2. Check for the possible leakages at delivery and suction pipes.
3. Sufficient time should be given for the flow to become steady uniform.

S.N
o.

Pressur
e

gauge

read 
(G)

Total

Head

(H)

Mano

Meter

readin
g

Equivale
nt water

head

Actual

dischar
ge

Speed

(N)

Load

T = 

In

put

Out

put

Effi
cie
ncy

X h = 12.6x T

Kg / m M m /s rpm Kg Kg N kW kW %

1

2

3

4

5



4. Voltage and current input to the pump motor should be maintained near readings, average 
values are to be considered. 

5. Gauge readings should be maintained constant and if varying during the readings, average values 
are to be considered.

6. Tachometer used to measure speed of the shaft should be periodically calibrated and for constant 
speed characteristics, the speed should be checked both at the beginning and end of the trial, and 
if found to be different, average should be considered.

7. The air bubbles should be completely removed in the pipe connecting the manometer. This 
should be achieved only by opening the valves provided at the top of the manometers 
simultaneously. If they are opened separately, the man metric  fluid (usually mercury, which is 
very costly) will spill out of manometer.

8. Diameter of the break drum and the rope should be properly measured and recorded.
9. Weights and spring balance used should be periodically calibrated.

SPECIMEN CALCULATION
/s

O.P. =  

Calculations:

Results:

Normal graph

Evaluation Sheet



 

S.No Skills of Assessment Marks Score 

1 

 
Knowledge of equipment 1  

2 Observation and recordings 2  

3 Calculations 2  

4 Graphs and interpretation 2  

5 Viva voice 3  

 Total 10  

 
 
 
 

PRE-LAB QUESTIONS 
 

1. Classify turbines. 
2. Peloton wheel is which type of turbine. 
3. What is input energy given to turbine? What are main components of Pelton turbine? 
4. Draw velocity diagrams (at inlet and outlet) for Pelton blade 
 5. Why is Pelton turbine suitable for high heads? 
 
 

POST-LAB QUESTIONS 
 
 

1. How do you Classify turbines 
2. How do you Pelton wheel is which type of turbine 
3. How do you classified by inlet and outlet 
4. What do you understand by specific speed? 

 
 
 
 
 
 
 
 

 

 

 

 

 



 

 

EXPERIMENT.10 

HYDRAULIC JUMP 

AIM: - To study the hydraulic jump. 

APPARATUS    

1. Hydraulic jump apparatus 

2. Manometer 

3. Scale 

4. Pump 

 

THEORY 

  The dynamics of hydraulic jump is governed by the flow continuity and the momentum equation. As 
we shall see, one of the major characteristic of a hydraulic jump is its large energy dissipation. Therefore, 
energy equation cannot be used at this point because the head loss is unknown (and not negligible). Using 
a control volume enclosing the jump as shown in Figure 1, 

 The continuity equation is expressed as  = 1 1 = 2 2 

 

Where Q is the discharge, V represents the averaged velocity and h is the water depth.  

respectively. The momentum equation which takes into account the hydrostatic forces and the momentum 
fluxes, but ignores the friction at the channel bottom and at the side walls, can be shown as 

 

  is the fluid density and g is the gravitational acceleration. If we define a momentum in which  function 
as 



 

  

Then, using equation (1) we can show that equation (2) suggest  

 

From equation (1) and (2), it can be shown that the upstream and downstream flow depths are related by 

 

Where Fr1 is the Froude number of the upstream flow and is defined as  

 

 

For a hydraulic jump, the upstream flow is supercritical and Fr1>1.  

On the other hand, the Froude number Fr2 of the downstream subcritical flow needs to satisfy  

 

You can further apply conservation of energy for this open channel flow problem as 

 

 

 

 

 

PROCEDURE 

A hydraulic jump has been established in the elevated flume of the Hydraulics Laboratory.  

The experimental procedure is as follows: 

 1. Start the pump and turn the flow control valve open. 



 

 2. Allow the flow to become established and a jet to be developed under the sluice gate (the water level in 
the reservoir behind the gate should be steady at this point).  

3. Place the weir at the downstream end and adjust the weir carefully to create a hydraulic jump which is 
fixed at about the midsection of the flume. 

 4. Measure water depths before and after the jump using a point gage.  

5. Record the discharge Q (l/sec) from the flow meter reading. 

 6. Repeat steps 2 through 5 for a total of five different values of Q. The value of Q can be changed by 
adjusting the flow control valve. The downstream weir is used to position the jump in the midsection of 
the flume. 

RESULTS 

 

 

 

EVALUATION 

S.No Skills of Assessment Marks Score 

1 

 
Knowledge of equipment 1  

2 Observation and recordings 2  

3 Calculations 2  

4 Graphs and interpretation 2  

5 Viva voice 3  

 Total 10  

 

 

 

 

 

 

                                                

 



 

 

                                                 EXPERIMENT: 11 

PERFORMANCE TEST ON FRANCIS TURBINE 

        AIM: Performance test on Francis Turbine (a) at head (b) at constant speed 
 
       APPAPATUS:  

1. Centrifugal pump to supply water at required head 
2. Francis Turbine  
 3. Pipe network system with necessary control valves 
4. Pressure Gauge and Vacuum Gauge 
5. Tachometer to measure the speed of the shaft 
6. Venturimeter along with manometer to measure the discharge 
7. Rope brake with spring balance and weighing pan to measure torque 
 

      THEORY: 
Francis turbine is a hydraulic machine used to convert hydraulic energy into mechanical energy which 
in turn is converted to electrical by coupling a generator to turbine. 
Francis turbine is medium head, medium discharge, radially inward flow reaction turbine. 

 A Venturimeter with the manometer is provided to calculate the amount of water (discharge) supplied    
to the turbine. Pressure gauge is fixed to measure the head of water. Using the tachometer, measure the  
speed of the turbine. 

 

Fig.No.1 Experimental setup of Francis turbine 

 
 

 



    
PROCEDURE:

1. Prime the pump with water.
2. Keeps the gate opening to the required position.
3. Open the gate valve 1 or 2 rotations.
4. Start the motor. 
5. Allow the water into the turbine and the turbine starts to rotate.
6. Fix the weight hanger to the rope of the brake drum with no load on weight hanger.
7. By varying the gate valve, keep the head constant using the tachometer to the required speed in 

case of experiment on constant speed.
8. Note down the following readings :
(a) Pressure gauge reading, G
(b) Vacuum gauge reading, V
(c) Speed of the turbine, N
(d) Manometer readings, 

(e) Load on weight hanger, 

(f) Spring balance reading indicate the frictional loss between the brake drum and rope, 

9. Repeat the step 8 for different load conditions by varying the load on the weight hanger either to 
constant head or for constant speed.

10. Note down the above readings G, V, N, 

11. Take at least 5 sets of readings by varying the load. 
12. Calculate the efficiency of the turbine.

FORMULAE

Where,    

Diameter of the inlet of Venturimeter and  = diameter of the throat of Venturimeter

  h = x       m           g = 9.81 m/ 

               h = Equivalent water head
                  = Specific gravity of manometric   fluid,   i.e. mercury = 13.60

               S = Specific gravity of flowing fluid, i.e. water = 1.00
              X = Difference in levels of the manometric   fluid in the two limbs of manometer 
Input to the tu
                   

                 Q = Discharge
                 H = Head (G + V) × 10
                 Z = Vertical difference between pressure gauges

Output of the turbine = O.P. =  

T = (

Load on brake drum in kg

Spring balance reading in kg



Weight of the hanger in kg

Efficiency o

TABULAR COLUMN

PRECAUTIONS
1. Check for priming of the pump so that air bubbles are not developed.
2. Check for the possible leakages at delivery and suction pipes.
3. Sufficient time should be given for the flow to become steady uniform.
4. Voltage and current input to the pump motor should be maintained near constant during values 

are to be considered. 
5. Gauge readings should be maintained constant, and if varying during the readings, average values 

are to be considered. Tachometer used to measure speed of the shaft should be periodically 
calibrated and for constant speed characteristics, the speed should be checked both at the beginning 
and in the end of the trial, and if found to be different, average should be considered.

6. The air bubbles should be completely removed in the pipe connecting the manometer. This should 
be achieved only by opening the valves provided at the top of the manometers simultaneously. If 
they are opened separately, the manometeric fluid (usually mercury, which is very costly) will spill 
out of manometer.

7. Diameter of the break drum and the rope should be properly measured and recorded.
8. Weights and spring balance used should be periodically calibrated.

POSSIBLE ERRORS
1. Sensitivity of the pressure gauge may affect the computation of the efficiency and analysis of 

performance of the pump.

S.

No.

Pressur
e

Gauge

Read

(G)

Vacuum

gauge

reading

(V)

Tot
al

hea
d

(H)

Mano
-

meter

readi
ng

Equival
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water

head

Actual

dischar
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Spee
d

(N)

Load

T = 

Input Output Efficie
ncy

x H = 
12.6x

T

Kg/ M m M /s rpm kg kg N kW kW %

1

2
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4
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2. The manometeric reading (head) for the flow through the pipe before and after taking readings 
should be the same. If not, take the average of the two readings.

3. Reading errors at manometer and spring balance by not recordings at the eye level.

Note: Typical experimental results are worked out in Excel File Francis. Xls given in the 
accompanying CD. 

SPECIMAN CALCULATION

       /S

      

Q

        O.P.  =   

Calculations

Results:

Graph normal

Normal graph 



 

        Evaluation Sheet 
 

 

S.No Skills of Assessment Marks Score 

1 

 
Knowledge of equipment 1  

2 Observation and recordings 2  

3 Calculations 2  

4 Graphs and interpretation 2  

5 Viva voice 3  

 Total 10  

 
 

PRE LAB QUESTIONS: 
 

1. What is a reaction turbine? 

2. What is difference between impulse and reaction turbine?  

3. Specify the flow of the Francis turbine. 
4. What head Francis turbine used? 

5. What is purpose of draft tube in reaction turbine?  

6. What is cavitation? 
 POST LAB QUESTIONS: 
 

1. How do you Francis wheel is which type of turbine 

2. How do you differentiate between impulse and reaction turbine? 

3. What is the use of draft tube? 

4. What is the use of draft tube? 

 
 
 



 

 

EXPERIMENT: 12 

PERFORMANCE TEST ON CENTRIFUGAL PUMP 
 

      AIM  
 
       To conduct the performance test on single stage centrifugal pump 
 
      APPARATUS: 
 

1. Single stage Centrifugal pump with an electric motor device (constant speed) 
2. Pipe network system with necessary control valves 
3. Vacuum and pressure gauges 
4. An energy meter to measure the input power to the motor 
5. Measuring tank and stop watch to measure the actual discharge 

 
     THEORY: 
 

A centrifugal pump is a Hydraulic machine which converts mechanical energy to hydraulic energy, 
used to lift water from lower level to higher level. A centrifugal pump consists of essentially an 
impeller rotating inside a casing. The impeller has a number of curved vanes. Due to centrifugal head 
impressed by the rotation of the impeller, the water enters at the centre and flows outwards to the 
periphery. There, it is collected in a gradually increasing passage in the casing, known as volute 
chamber, which serves to convert a part of the velocity head into pressure head. For higher heads, 
multi stage centrifugal pumps having two or more impellers in series will have to be used. 
 
A single/multistage centrifugal pump is coupled to a motor. In this experiment, the efficiency of the 
centrifugal pump at constant speed is computed. 
 
An energy meter is provided to measure the input to the motor and a collecting tank is provided to 
calculate the discharge from the pump. Pressure and vacuum gauges are provided in the delivery and 
suction sides of the pump to measure the heads, respectively. 

 
 



Tabular Column:

CALCULATIONS:

FORMULAE:

H = G + V + z + m

G = Pressure head, V = Vacuum head
z = Vertical difference in level between pressure and vacuum gauges
Vd = Velocity of water in delivery pipe 
Vs = Velocity of water in suction pipe 
g = Specific gravity = 9.81 m/sec2

3; Q is the discharge through the pump in m3/s, 
and H is the total head in m

motor × 

motor  = Efficiency of the motor = 85% (assumed)

N = Energy meter constant revolutions / kWh
T = Time for 10 revolutions of the disk in energy meter Efficiency

S.
No

Pressure 
gauge 
reading 
(G)

Vacuum
gauge
reading
(V)

Total 
head 
(H)

Time for
________ mm
rise in tank (t)

Actual 
discharge
(Q)

Time for 10
Revolutions 
in energy 
meter (T)

Input Output Efficiency

kg/cm2 Kg/cm2 m S m3/s S kW kW %

1

2

3

4

5



PROCEDURE:

1. Prime the pump with water
2. Open the gate valve 1 or 2 rotations
3. Start the motor and set the vacuum gauge reading to the required head.
4. Note down the following reading:

(i) Pressure gauge reading, G
(ii) Vacuum gauge reading , V
(iii) Time taken  for 10 revolutions in the energy meter, T
(iv) Time taken to fill up 200 cm rise in the collecting tank, t
(v) The difference in the levels of the pressure and vacuum gauges, 

5. And then set the vacuum gauge reading to the other heads.
6. Note down the above readings  G, V, T and t
7. Take at least 5 sets of readings by varying the head through delivery valve and note down the 

readings.
PRECAUTIONS:

1. Check for the priming of the pump so that air bubbles are not developed.
2. Check for the possible leakages at delivery and suction pipes.
3. Sufficient time should be given for the flow to become steady- uniform.
4. Voltage and current input to the pump-motor should be maintained near constant during the 

recording of readings.
5. Both delivery and suction gauge readings should be maintained constant, and if varying during the 

readings, average values are to be considered.

POSSIBLE ERRORS:
1. Sensitivity of the pressure gauge may effect the computation of the efficiency and analysis of 

performance of the pump.
2. Ignoring the vertical difference between the delivery and suction gauges.
3. The head for the flow through the pipe for the jet before and after taking readings of volumetric 

measurements (actual discharge) should be the same. If not, take the average of the two readings 
for volumetric readings.

4. Reading errors at volumetric piezometer scale may occur by not recording the readings at the eye 
level.

5. Synchronize the stopwatch operations for volumetric measurements.

SPECIMEN CALCULATION:

Actual discharge,  

2

t = Time f

Total head, H = G + V + z + 

2

2



3

Q = Discharge from the pump
H = Total head

motor × 

×100%

GRAPHS:
Draw the graph of output vs input. The slope of the straight line fit gives the efficiency

Calculations:

Results:

Normal graph 

Evaluation Sheet

S.No Skills of Assessment Marks Score

1
Knowledge of equipment 1

2 Observation and recordings 2

3 Calculations 2

4 Graphs and interpretation 2

5 Viva voice 3

Total 10

PRELAB QUESTIONS

1. What is a pump?

2. What is a centrifugal pump?

3. What are forces involved in impeller? 

4. What is priming



 

 

      PRELAB QUESTIONS  

1. How do you classify the pumps? 

2. What is the difference between centrifugal pump and reciprocating pump? 

3. Which one is delivers maximum discharge 

4. What is the use of priming? 

 



 

PERFORMANCE TEST ON CENTRIFUGAL PUMP 

MULTI  STAGE.13 

AIM:   

To conduct the performance test and to plot the operating characteristics of multi stage centrifugal pump 

APPARATUS: 

        1. Multi stage Centrifugal pump test setup. 

        2. Stopwatch 

THEORY: 

         Multi stage centrifugal pumps are used in applications where high delivery pressure is required. 

Water coming from out of the first stage is spread into the inlet of the second stage and thus results in 

higher delivery pressure at the second stage outlet. An energy meter and a stopwatch are provided to 

measure the input to the motor, a collecting tank to measure the actual discharge, a pressure gauge and a 

vacuum gauge are fitted in the delivery and suction pipe lines to measure the pressure. 

PROCEDURE: 

1. Prime the pump with water. 

2. Open the delivery gate valve completely.   

3. Start and adjust the gate valve to required pressure and delivery. 

 4. Note the following readings. 

a) Pressure gauge reading  

b) Vacuum gauge reading 

c) Time for 3 revolutions of energy meter 

5. Close the drain valve and note the time for 10cm rise of water level in the collecting tank. 

6. Repeat the experiment for3 or 4 sets by varying the head for a minimum to maximum of about 3kg/cm2. 

 

 

 

 

 

 

 



TABULAR FORM:

S.No. Manometric 
pressure

Pressure 
Gauge 
Reading 
(Pd) 
kg/cm2

Vacuum 
Gauge 
Reading 
(Ps) mm 

Time 
taken for 3 
revolution 
of energy 
meter 
(te)sec

Discharge 
(Q)m3/sec

Input 
power 
Pi  

kW

Output 
power 
Po

kW

Efficiency

cm

cm

1

2

3

CALCULATIONS: 

Coefficient of discharge, Cd =

Diameter of venturi inlet,        m

Diameter of venturi throat,      m

Difference in manometric levels,

                                     

  Flow rate  of water,

Hd = Delivery head = Pd/

= 

Z  = datum head = 

Total head, H m



Work done, Po

      KN

Input power,  

         KN

Efficiency =

GRAPHS:

Actual discharge   vs    Total head

Actual discharge   vs    Efficiency

Actual discharge   vs    Input power

Actual discharge   vs    Output power

RESULT: 

The percentage efficiency of multi stage centrifugal pump is = %

PRELAB QUESTIONS

1. What is a pump?

2. What is a centrifugal pump?

3. What are forces involved in impeller? 

4. What is priming

PRELAB QUESTIONS

1. How do you classify the pumps?

2. What is the difference between centrifugal pump and reciprocating pump?

3. Which one is delivers maximum discharge

4. What is the use of priming?



 

 

EXPERIMENT.14 

PERFORMANCE TEST ON RECIPROCATING PUMP 

 
     AIM: To conduct the performance test on single stage Reciprocating pump. 
 
     APPARATUS: 
 

1. Double acting Reciprocating pump with an electric motor device (constant speed) 
2. Pipe network system with necessary control valves 
3. Vacuum and pressure gauges 
4. An energy meter to measure the input power to the motor 
5. Measuring tank and stop watch to measure the actual discharge 
6.  

   THEORY 
 

A Reciprocating pump is a Hydraulic machine which converts mechanical energy into hydraulic 
energy, used to lift water from lower level to higher level. A Reciprocating pump consists of 
essentially a plunger or piston and a cylinder. The rotation of the crank connected to the plunger causes 
the plunger moves to the right during suction stroke. This causes the atmospheric pressure on the water 
surface to force the water up the suction pipe or water is sucked through the suction pipe and the 
suction valve is opened which pushes the water into the cylinder. On the return stroke of the plunger 
(plunger moving to the left) called delivery stroke, the water pressure closes the suction valve and 
opens the delivery valve forcing the water up the delivery pipe. Again, in the suction stroke,  the water 
is sucked from the sump and the cycle repeats. 
 An energy meter is provided to measure the input to the motor and a collecting tank is provided to 
calculate the discharge from the pump. Pressure and vacuum gauges are provided in the delivery and 
suction sides of the pump to measure the heads, respectively. 

 
 

  Experimental setup 
 
 
 
 



PROCEDURE 
1. Prime the pump with water.
2. Open the gate valve 1 or 2 rotations
3. Start the motor and set the vacuum gauge to the required head.
4. Note down the following readings :

(a) Pressure gauge reading, G
(b) Vacuum Gauge reading, V
(c) Time taken for 10 revolutions in the energy meter, T
(d) Time taken to fill up of 20 cm  rise in the collecting tank, t
(e) The difference in the levels of the pressure and vacuum gauges, 

5. Then set the vacuum gauge reading to the other heads.
6. Note down the above readings G, V, T and t.
7. Take at least 5 sets of readings by varying the head through delivery valve, and note down the 

readings

FORMULAE:

Qa = /s

H = G + V + Z + m

G = Pressure head
V = Vacuum head
Z = Vertical difference in level between pressure and vacuum gauges
Vd = Velocity of water in delivery pipe
Vs = Velocity of water in suction pipe
g = Specific gravity = 9.81 m/ sec2

Output from the pump = QH kW
Where, is the specific weight of water = 9.81 kN/m3 Q is the discharge through the pump in m3/s and 
H is the total head in m

pump × 

pump = Efficiency of the pump = 85% (assumed)
N = Energy meter constant-
T = Time for 10 revolutions of the disk in energy meter 

Efficiency = h = 

Percentage slip = 

L is stroke length of the plunger, N is the Speed of motor, A is the area of piston (or cylinder) and a is 
area of piston rod.



TABULAR COLUMAN

S.

No.

Pressure

gauge 
reading 
(G)

Vacuum 
gauge 
reading

(V)

Total 
head

(H)

Time for 

____ mm

rise in 
tank(t)

Actual

discharge

(Q)

Time for 10 
revolutions in 
energy 
meter(T)

Input Output Efficiency

kg/cm2 kg/cm2 m s m3/s S kW kW %

1

2

3

4

5

PRECAUTIONS:

1. Check for the possible leakages at delivery and suction pipes.
2. Sufficient time should be given for the flow to become steady uniform.
3. Voltage and current input to the pump-motor should be maintained near constant during the 

recording of readings.
4. Both delivery and suction gauge readings should be maintained constant, and if vary during the 

readings, average values are to be considered.

POSSIBLE ERRORS:

1. Sensitivity of the pressure gauge may affect the computation of the efficiency and analysis of 
performance of the pump.

2. Ignoring the vertical difference between the delivery and suction gauges.
3. The head for the flow through the pipe for the jet before and after taking readings of volumetric 

measurements (actual discharge) should be the same. If they are not same, take the average of the 
two readings for volumetric readings. 

4. Reading errors at volumetric piezometer scale by not reading the readings at the eye level.
5. Synchronize the stopwatch operations for volumetric measurements.

SPECIMEN CALCULATION 

Actual discharge, Qa = 

2

Total head, H + G + Z + 

2



2 

Output from th
3

Q = Discharge from the pump 
H = Total head

motor × 

Theoretical discharge = Qt = 

Percentage slip = 

Calculations  

Results:

Normal graph

Evaluation Sheet

S.No Skills of Assessment Marks Score

1
Knowledge of equipment 1

2 Observation and recordings 2

3 Calculations 2

4 Graphs and interpretation 2

5 Viva voice 3

Total 10



 

  PRELAB QUESTIONS  

1. What is a pump? 

2. What is a reciprocating pump? 

3. What are forces involved 
 
4. What is priming 
 
5. Explain the slip 

 
       PRELAB QUESTIONS  

1. How do you classify the pumps? 

2. What is the difference between centrifugal pump and reciprocating pump? 

3. Which one is delivers maximum discharge 

4. What is the use of priming? 

5. How do you calculate negative slip and positive slip? 
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