FLOW THROUGH ORIFICE METER


EX.NO:
DATE:

FLOW THROUGH VENTURI METER

OBJECTIVES:

· To determine the coefficient of discharge Cd  for the two different venturi meters.

· To study the variation of coefficient of discharge Cd with Reynolds Number

APPARATUS REQUIRED:

Pipe line setup with an venturi meter with flow control device.

Collecting tank

Stop watch

THEORY:

Venturi meter works based on the Bernoulli’s principle that by reducing the cross-sectional area of the flow passage, a pressure difference is created between the inlet and throat and the measurement of the pressure enables the determination of the discharge through the pipe. Consider a cross section before the venturi throat as section (1) and a cross section at the venturi throat as section (2).

Assuming the flow to incompressible and inviscid between the section  (1) and the Section (2), the continuity equation can be written as:
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 are the in the section (1) and section (2)

and Bernoulli’s equation can be written as:
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Substituting the values of v1 in Bernoulli equation and rearranging the terms along with the manometer reading, discharge is obtained as:
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Where H = hm * (
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-1)  (hm is differential level of Hg in manometer measured in meters, ρm and ρ are mass density of manometer fluid (usually mercury ) and mass density of flowing fluid, respectively.)

For the known actual flow rate Qact , venturi meter  is calibrated and its 

Coefficient of discharge 
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DESCRIPTION

A venturi meter is a device used for measuring the discharge through the pipes. 
A Venturimeter consists of:

1) An inlet section followed by a convergent cone.

2) A cylindrical throat.

3) A gradually diverging cone.

The inlet section of the Venturimeter is of the same diameter as that of the pipe, which is followed by a convergent cone. The convergent cone is a short pipe, which tapers from the original size of the pipe to that of the throat of the Venturimeter. The throat of the Venturimeter is a short parallel side tube having its cross-sectional area smaller than that of the pipe. The divergent cone of the Venturimeter is gradually diverging pipe with its cross-sectional area increasing from that of the throat to the original size of the pipe. All the flow meters need calibration a priori where a known quantity of fluid is passed through the flow meter and the differential pressure across the flow meter related to the actual flow rate through a discharge coefficient given as the ratio of actual to theoretical flow rate. The apparatus consist of a flow bench that allows water flow to the orifice meter and venturi meter. A manometer is connected at two points, one at the inlet of the venturi meter and the other at the venturi throat. Manometer is filled with enough mercury to read the differential head ‘hm’. Water is colleted in the collecting tank for arriving actual discharge using stop watch and the piezometric level attached to the collecting tank. 

FORMULAE USED:

Coefficient of discharge
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Where 
[image: image11.wmf].

1

2

2

1

2

2

÷

÷

ø

ö

ç

ç

è

æ

-

=

A

A

gH

A

Q

th


A1 and A2 are area of cross section of the pipe and area of the throat respectively.

H = hm x (
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-1) (hm is differential level of manometer fluid measured in meters)

Qact = Actual discharge measured from volumetric technique.

PRECAUTIONS 

· Since the apparatus is made for conducting many experiments, make sure only required valves are opened. Close all other valves which have to be in closed condition

PROCEDURE:

1. Note the inlet pipe diameter ‘d1’ and inner throat diameter ‘d2’ of the venturi meter.

2. Note the density of the manometer fluid ‘ρm’and the flowing fluid ‘ρ’. Mostly mercury is used as manometer fluid and water as flowing fluid in this lab. So ρm. =13.6 and ρ = 1.

3. Start the pump and adjust the control valve in the line for maximum discharge.

4. Measure the pressure difference ‘hm’ across the venturi meter. 

5. Note the piezometric reading ‘z0’ in the collecting tank while switch on the stopwatch.

6. Record the time taken ‘T’ and the piezometric reading ‘z1’ in the collecting tank after allowing sufficient water quantity of water in the collecting tank.

7. Decrease the flow rate through the system by regulating the control valve and wait till flow is steady.

8. Repeat the steps 4 to 6 for 5 different flow rates.

After entering the readings in the Tabulation 7.1 and 7.2, compute the necessary values.

OBSERVATION AND COMPUTATIONS – I
Date :_______________

A) For venturi meter No. 1:

Diameter of inlet pipe ‘d1’ =                                            m 
Area of inlet ‘A1’ =                     m2

Diameter of throat ‘d2’ =                                                  m
Area of throat ‘A2’ =                      m2
Area of collecting Tank Act =                x                =                 m2       Coefficient of dynamic viscosity μ = 0.001 Pa.s

Density of the manometer liquid ρm =                                  kg/m3     
Density of the flowing fluid ρ =                     kg/m3
Tabulation 7.1 – For venturi meter No. 1.

	No.(
	Theoretical Discharge Measurement
	Actual Discharge Measurement
	Cd
	ReD1

	
	hm
(m)
	H 
(m)
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	Theoretical Discharge, 
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	Time
T
 (sec)
	z1 (m)
	z0 (m)
	Collecting Tank
hct (m)
	Volume (m3)

Act* hct
	Discharge, Qact
(10)/(6)
	Qact
Qth
(11)/(5)
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	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
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	(12)
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Average value of Cd for venturi meter No. 1. =                               

OBSERVATION AND COMPUTATIONS – II
Date :_______________

For venturi meter No. 2:

Diameter of of inlet pipe ‘d1’ =                                            m 
Area of inlet ‘A1’ =                     m2

Diameter of of throat ‘d2’ =                                                  m
Area of inlet ‘A2’ =                      m2
Area of collecting Tank Act =                x                =                 m3
Density of the manometer liquid ρm =                                  kg/m3     
Density of the flowing fluid ρ =                     kg/m3
Tabulation 7.2 – For venturi meter No. 2.

	No.(
	Theoretical Discharge Measurement
	Actual Discharge Measurement
	Cd
	ReD1

	
	hm
(m)
	H 
(m)
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	Theoretical Discharge, 
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	Time
T
 (sec)
	z1 (m)
	z0 (m)
	Collecting Tank
hct (m)
	Volume (m3)

Act* hct
	Discharge, Qact
(10)/(6)
	Qact
Qth
(11)/(5)
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	(8)
	(9)
	(10)
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	(12)
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Average value of Cd for venturi meter No. 2.=                               

GRAPH:

1- Qact  vs. 
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are drawn in the same graph for 2 venturi meters taking H on x -axis and Qact  on  y – axis.

2- A graph is drawn between Q act and Q theo and the value of Cd is found from the graph.

RESULTS AND COMMENTS

POST EXPERIMENT ACTIVITIES

The apparatus should be drained and cleaned after use.

QUESTIONS FOR DISCUSSION

1. what is the venturi meter principle?.
2. What is your conclusion when you compare this results with those of orifice meter?

3. At what situation do you recommend orifice meter over venturi meter. Why?
EX.NO:
DATE:

MINOR LOSSES IN PIPES

OBJECTIVES:

· To measure the head loss due to different pipe fittings at different flow rates and to determine the loss coefficient for sudden enlargement and sudden contraction of pipe fitting. 

APPARATUS REQUIRED:

“Flow losses in pipes” apparatus with flow control device and manometer.
Collecting tank

Stop watch

THEORY:

Various fluids are transported through pipes. When the fluids flow through pipes, energy losses occur due to various reasons. Predominant loss is due to the pipe roughness. Also the additional components like inlet, outlet bends valves and etc. add to the overall head loss of the system. To provide adequate pumping requirements, it is necessary to add the head loss due to the pipe fittings in addition to the head loss due to friction of pipes.
A) The head loss due to sudden enlargement

Applying the Bernoulli’s equation, momentum equation and continuity eqution,

The head loss due to sudden enlargement can be calculated as:
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where 
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 Loss of head due to sudden enlargement,

Q   =  Discharge,

V1  = Q/A1 = Velocity at the inlet,

V2  =  Q/A2 = Velocity at the enlarged section,

g  =  gravity due to acceleration.

B) The head loss due to sudden contraction

Expression for head loss due to the sudden enlargement is applicable for the sudden contraction condition. In this case loss is from the vena contracta section to the outlet section (contracted section).

So, 
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where Cc is coefficient of contraction.
When 
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DESCRIPTION

The experiment is performed by using a number of long horizontal pipes of different diameters connected to water supply using a regulator valve for achieving different constant flow rates. Pressure tappings are provided on each pipe at suitable distances apart and connected to U-tube differential manometer. Manometer is filled with enough mercury to read the differential head ‘hm’. Water is colleted in the collecting tank for arriving actual discharge using stop watch and the piezometric level attached to the collecting tank. 

FORMULAE USED:

A). The head loss due to sudden enlargement can be calculated as:
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where 
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 Loss of head due to sudden enlargement,

Q   =  Discharge,

V1  = Q/A1 = Velocity at the inlet,

V2  =  Q/A2 = Velocity at the enlarged section,

g  =  gravity due to acceleration.

B) The head loss due to sudden contraction
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Use the following table to find k for the given ratio of area.

	A2/A1
	0.0
	0.1
	0.2
	0.3
	0.4
	0.5
	0.6
	0.7
	0.8
	0.9
	1.0

	Cc
	0.617
	0.624
	0.632
	0.643
	0.659
	0.681
	0.712
	0.755
	0.813
	0.892
	1.0

	K
	0.385
	0.365
	0.340
	0.308
	0.266
	0.219
	0.164
	0.106
	0.055
	0.015
	0


PRECAUTIONS 

· Since the apparatus is made for conducting many experiments, make sure only required valves are opened. Close all other valves which have to be in closed condition

PROCEDURE:

1. Note the inlet and outlet diameters of the test section.
2. Make sure only required water regulator valves and required valves at tappings connected to manometer are opened.

3. Start the pump and adjust the control valve just enough to make fully developed flow (pipe full flow).
4. Measure the pressure difference ‘hm’ across the test section.
5. Record the time taken ‘T’ for the determined water level rise in the collecting tank. 

6. Increase the flow rate by regulating the control valve and wait till flow is steady.

7. Repeat the steps 4 to 6 for 10 different flow rates.

After entering the readings in the respective tables and compute the necessary values.

OBSERVATION AND COMPUTATIONS – I
Date :_______________

A) For sudden Enlargement:
Diameter of inlet ‘d1’ =                                            m 
Area of inlet ‘A1’ =                     m2

Diameter of outlet ‘d2’ =                                                  m
Area of outlet ‘A2’ =                      m2
Area of collecting Tank Act =                x                =                 m2   

Density of the manometer liquid ρm =                                  kg/m3     
Density of the flowing fluid ρ =                     kg/m3
Tabulation 8.1 – For sudden Enlargement
	No.(
	Actual Measurement
	Head loss obtained from discharge alone

(Theoretical)
	Head Loss obtained from manometer reading

	
	Time
T
 (sec)
	Water Rise hct (m)
	hm
(m)
	Volume colelcted (m3)
	Discharge

Qact
	V1
	V2
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OBSERVATION AND COMPUTATIONS – II
Date :_______________

B) For sudden contraction:

Diameter of inlet ‘d1’ =                                            m 
Area of inlet ‘A1’ =                     m2

Diameter of outlet ‘d2’ =                                                  m
Area of outlet ‘A2’ =                      m2   k =                       
Area of collecting Tank Act =                x                =                 m2   

Density of the manometer liquid ρm =                                  kg/m3     
Density of the flowing fluid ρ =                     kg/m3
Tabulation 8.2 – For sudden contraction

	No.(
	Actual Measurement
	Head loss obtained from discharge alone

(Theoretical)
	Head Loss obtained from manometer reading

	
	Time
T
 (sec)
	Water Rise hct (m)
	hm
(m)
	Volume colelcted (m3)
	Discharge

Qact
	V2
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GRAPH:

1) Head loss he  vs. Velocity V for sudden enlargement,  2)Head loss hc  vs. Velocity V for sudden contraction 3) Head losses hL vs Velocity V for both cases  are  plotted in the same graph. Velocity V is marked on the x-axis.
RESULTS AND COMMENTS

POST EXPERIMENT ACTIVITIES

The apparatus should be drained and cleaned after use.

QUESTIONS FOR DISCUSSION

1. if the same test section is used for sudden enlargement and sudden contraction, in which case head loss would be more?
2. What are basic equations required to solve the head loss due to sudden enlargement?

3. Which is experimental value out of he and hL notations used in this experiment? Did you find the difference? Why?
EX.NO:
DATE:

KAPLAN TURBINE

OBJECTIVES:

To study the operation of Kaplan turbine and to measure the power output of a Kaplan turbine.

To obtain the performance characteristics

APPARATUS REQUIRED:

Kaplan turbine unit 
Water supply pump
Venturi meter with pressure gauges

Tachometer
Pressure gauge at the inlet to the turbine
Brake drum with spring balance and loading setup.
THEORY:

Hydraulic Turbines are machines which convert Hydro energy to mechanical energy. Kaplan Turbine is an axial flow reaction turbine with adjustable vanes. This turbine is suitable where large quantity of water at low head is available. Water under pressure from pump enters, through the volute casing and the guide vanes, into the runner. While passing through the spiral casing and guide vanes, a portion of the potential energy is converted into the kinetic energy. Water thus enters the runner at a high velocity and as it passes through the runner vanes, the remaining potential energy is converted into kinetic energy. Due to the curvature of the vanes, kinetic energy is transformed into the mechanical energy and hence the runner rotates. The water from the runner is then discharged into the draft tube.
The flow through the pipe is measured with the venturi meter fitted in the pipe line. Two pressure gauges are provided to measure the pressure difference between inlet and throat of the venturi meter. The net pressure difference across the turbine inlet and exit is measured with a pressure gauge and a vacuum gauge. These readings are sufficient to calculate the Power available to the turbine. The turbine output is determined with the brake drum setup and tachometer.
DESCRIPTION

Schematic of the Kaplan turbine experimental setup is shown in Figure 12.1. The apparatus consists of a casing with a runner. Guide vanes situated inside the casing directs the water to the Runner. Provision has been made such that the runner blades can be adjusted depending on the loading condition. The water exits through an elbow type horizontal draft tube placed in the collecting tank. Transparent window is provided on the casing for a clear view of the runner blades and its functioning. Pressure tappings at appropriate positions are provided to measure delivery and vacuum head. An extension shaft with housing is provided for connecting the Rotor to the loading arrangement. The setup includes a centrifugal pump of required capacity to deliver the water. Water from the sump tank is delivered through pipeline to the turbine casing. The discharge from the casing passes through the draft tube. Flow measurement is done by Venturi meter. Pressure gauges are fitted at the inlet and throat of the Venturi meter for flow measurement. The head is controlled by means of a delivery control valve. Power is measured from the turbine using rope brake arrangement with spring balance system.
FORMULAE USED:

1). Power Available to the turbine Pinput = ρ.g.Q.H
where 

ρ is the density of water,

g is the acceleration due to gravity,
Q can be calculated using venurimeter pressure reading as:
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where Cd is the coefficient of discharge venturi meter
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d1, d2 are inner diameters of the venturi inlet and the throat respectively


p1, p2 are pressure readings at the inlet and the throat of venturi meter respectively


H is the available head which can be computed from the pressure at inlet of the turbine Pi  and vacuum gauge reading Pv .



H = 10 * (Pi+ Pv). (in m),  if Pi and  Pv  are measured in kg/cm2.

2). The power developed by the turbine on the shaft of brake drum can be written as:
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where 
T is the torque on the rotor (shaft),

ω is the rotational speed of the rotor (shaft),

W is the mass in kg.

g is the acceleration due to gravity, (m/sec2)

r is the radius of the brake drum + half thickness of rope. 
N is rpm of the brake drum shaft.

PRECAUTIONS 

· Ensure all the gauges read zero under no load, no flow conditions.

· Allow the cooling water to flow along the brake drum when the turbine runs under load.

· Load the turbine gradually.

· Let the speed of the turbine stabilize after each change in the load before taking the readings.

· Remove the load on the brake drum before switching off the supply.

PROCEDURE:

1. Note the venturi meter specifications. Measure brake drum diameter and the rope diameter.
2. Keep the rotor vanes in half opening position.

3. Close the delivery valve and start the pump. 
4. Gradually open the delivery valve so that the turbine rotor picks up the speed to the maximum.
5. Load the turbine by adding weights on the brake drum weight hanger.

6. Note the venturi meter pressure gauge readings ‘p1’ and ‘p2’ for measuring the discharge ‘Q’.

7. Note the turbine inlet pressure gauge reading Pi and vacuum gauge reading Pv.

8. Note the spring balance reading and weight (S and W) and measure the shaft speed (N).

9. Take 8 readings of ‘N’, in the allowable range of speed by varying the load (S and W) on the brake drum.

10. Repeat steps 3 to 9 for other rotor position (for full opening angle).

11. For main characteristic curves, constant head is to be maintained. So the main valve has to be adjusted to keep the total head constant when vary the loads.

After entering the readings in the Tabulation 9.1 to 9.2, compute the necessary values.
OBSERVATION AND COMPUTATIONS – I
Date :_______________

Density of water ρ = 1000 kg/m3
Brake drum radius r1 =   .  .  .  .  .   m    Rope radius r2 =   .  .  .  .  .  .  .  .  . m         r=(r1+r2) =.  .  .  .  .  .  .  . m

Mass of hanger Mh =  .  .  .  .  .  .  .  Kg

Acceleration due to gravity g = 9.81 m/s2 m

Venurimeter constants Cd =.  .  .  .  .  .  .  .     d1=.  .  .  .  .  .  .  m        d2= .  .  .  .  .  .  .  m    K = .  .  .  .  .  .  .  . 

A) For half opened runner position.

Tabulation 9.1 

	No
	W 
(kg)
	S 
(kg)
	Speed
N(rpm)
	Venturimeter
	Turbine

Pressure
	Q
	H


	Torque
T
	Pinput

	Poutput

	Efficiency
η
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OBSERVATION AND COMPUTATIONS – II
Date :_______________

B) For full half opened runner position.

Tabulation 9.2 

	No
	W 
(kg)
	S 
(kg)
	Speed
N(rpm)
	Venturimeter
	Turbine

Pressure
	Q
	H


	Torque
T
	Pinput

	Poutput

	Efficiency
η
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GRAPH:

1- Plotted Power output vs. Shaft speed N taking  N on x -axis and Power output on  y– axis (2 curves)
2- Plotted efficiency η vs. Shaft speed N taking  N on x -axis and η on  y – axis (2 curves)
RESULTS AND COMMENTS

POST EXPERIMENT ACTIVITIES

The apparatus should be drained and cleaned after use.

QUESTIONS FOR DISCUSSION

1. What is the difference between pelton wheel turbine and Kaplan turbine?
2. Differentiate the reaction, propeller, axial flow, radial flow turbines.
3. What is draft tube? Why is it used?
4. What are the assumptions made in this experiment? 

EX.NO:
DATE:

FRANCIS TURBINE

OBJECTIVES:

To study the operation of Francis turbine and to measure the power output of a Francis turbine.

To obtain the performance characteristic curves.
APPARATUS REQUIRED:

Francis turbine unit 

Water supply pump

Venturi meter with pressure gauges

Tachometer

Pressure gauge at the inlet to the turbine

Brake drum with spring balance and loading setup.

THEORY:

Hydraulic Turbines are machines which convert hydro energy to mechanical energy. Francis Turbine is a radial flow reaction turbine with adjustable guiding vanes. Francis turbines are used for medium heads and medium flow rates. Water is delivered into a volute casing which completely surrounds the runner and is under pressure as well as velocity. The water is guided through both fixed and adjustable vanes in the casing and glides onto the runner blades at an angle. The water then turns in the runner to exit parallel with the axis of rotation. Finally the water from the runner is discharged into the draft tube.

The flow through the pipe is measured with the venturi meter fitted in the pipe line. Two pressure gauges are provided to measure the pressure difference between inlet and throat of the venturi meter. The net pressure difference across the turbine inlet and exit is measured with a pressure gauge and a vacuum gauge. These readings are sufficient to calculate the Power available to the turbine. The turbine output is determined with the brake drum setup and tachometer.
DESCRIPTION

Schematic of the Francis turbine experimental setup is shown in Figure 12.1. The turbine consists of a spiral casing, adjustable guide blade arrangement and break drum arrangement. Guide blades are controlled manually for which a hand wheel is provided. 

The water exits through a elbow type horizontal draft tube placed in the collecting tank. Transparent window is provided on the casing for a clear view of the runner blades and its functioning. Pressure tappings at appropriate positions are provided to measure delivery and vacuum head. An extension shaft with housing is provided for connecting the rotor to the loading arrangement. The setup includes a centrifugal pump of required capacity to deliver the water. Water from the sump tank is delivered through pipeline to the turbine casing. The discharge from the casing passes through the draft tube. Flow measurement is done by Venturi meter. Pressure gauges are fitted at the inlet and throat of the Venturi meter for flow measurement. The head is controlled by means of a delivery control valve. Power is measured from the turbine using rope brake arrangement with spring balance system.
FORMULAE USED:

1). Power Available to the turbine Pinput = ρ.g.Q.H
where 

ρ is the density of water,

g is the acceleration due to gravity,
Q can be calculated using venurimeter pressure reading as:
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where Cd is the coefficient of discharge venturi meter
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d1, d2 are inner diameters of the venturi inlet and the throat respectively


p1, p2 are pressure readings at the inlet and the throat of venturi meter respectively


H is the available head which can be computed from the pressure at inlet of the turbine Pi  and vacuum gauge reading Pv .



H = 10 * (Pi+ Pv). (in m),  if Pi and  Pv  are measured in kg/cm2.

2). The power developed by the turbine on the shaft of brake drum can be written as:
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where 
T is the torque on the rotor (shaft),

ω is the rotational speed of the rotor (shaft),

W is the mass in kg.

g is the acceleration due to gravity, (m/sec2)

r is the radius of the brake drum + half thickness of rope. 
N is rpm of the brake drum shaft.

PRECAUTIONS 

· Ensure all the gauges read zero under no load, no flow conditions.

· Allow the cooling water to flow along the brake drum when the turbine runs under load.

· Load the turbine gradually.

· Let the speed of the turbine stabilize after each change in the load before taking the readings.

· Remove the load on the brake drum before switching off the supply.

PROCEDURE:

1. Note the venturi meter specifications. Measure brake drum diameter and the rope diameter.

2. Keep the guiding vane at suitable angle.

3. Close the delivery valve and start the pump. 

4. Gradually open the delivery valve so that the turbine rotor picks up the speed to the maximum.

5. Load the turbine by adding weights on the brake drum weight hanger.

6. Note the venturi meter pressure gauge readings ‘p1’ and ‘p2’ for measuring the discharge ‘Q’.

7. Note the turbine inlet pressure gauge reading Pi and vacuum gauge reading Pv.

8. Note the spring balance reading and weight (S and W) and measure the shaft speed (N).

9. Take 8 readings of ‘N’, in the allowable range of speed by varying the load (S and W) on the brake drum.

10. Repeat steps 3 to 9 for other rotor position (for full opening angle).

11. For main characteristic curves, constant head is to be maintained. So the main valve has to be adjusted to keep the total head constant when vary the loads.

After entering the readings in the respective tables and compute the necessary values.

OBSERVATION AND COMPUTATIONS – I
Date :_______________

Density of water ρ = 1000 kg/m3
Brake drum radius r1 =   .  .  .  .  .   m    Rope radius r2 =   .  .  .  .  .  .  .  .  . m         r=(r1+r2) =.  .  .  .  .  .  .  . m

Mass of hanger Mh =  .  .  .  .  .  .  .  Kg

Acceleration due to gravity g = 9.81 m/s2 m

Venurimeter constants Cd =.  .  .  .  .  .  .  .     d1=.  .  .  .  .  .  .  m        d2= .  .  .  .  .  .  .  m    K = .  .  .  .  .  .  .  . 

A) For half opened guide blade position.

Tabulation 10.1 

	No
	W 
(kg)
	S 
(kg)
	Speed
N(rpm)
	Venturimeter
	Turbine

Pressure
	Q
	H


	Torque
T
	Pinput

	Poutput

	Efficiency
η
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OBSERVATION AND COMPUTATIONS – II
Date :_______________

B) For fully opened guide blade position
Tabulation 10.2 

	No
	W 
(kg)
	S 
(kg)
	Speed
N(rpm)
	Venturimeter
	Turbine

Pressure
	Q
	H


	Torque
T
	Pinput

	Poutput

	Efficiency
η
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GRAPH:

1- Plotted Power output vs. Shaft speed N taking  N on x -axis and Power output on  y– axis (2 curves)

2- Plotted efficiency η vs. Shaft speed N taking  N on x -axis and η on  y – axis (2 curves)

RESULTS AND COMMENTS

POST EXPERIMENT ACTIVITIES

The apparatus should be drained and cleaned after use.

QUESTIONS FOR DISCUSSION

1. What is the difference between Francis turbine and Kaplan turbine?
2. Differentiate the reaction, propeller, axial flow, radial flow turbines.

3. What is draft tube? Why is it used?

4. What are the assumptions made in this experiment? 

EX.NO:
DATE:

PERFORMANCE TEST ON CENTRIFUGAL PUMP

OBJECTIVES:

To study the operation of centrifugal pump and to obtain the performance characteristic curves.

APPARATUS REQUIRED:

Centrifugal pump with pressure gauge and vacuum gauge setup.
Stop Watch 

Collecting tank

Scale

Tachometer
Energy meter

THEORY:

A centrifugal pump is a rotodynamic pump that uses a rotating impeller to increase the pressure of a fluid. The pump works by the conversion of the rotational kinetic energy, typically from an electric motor or turbine, to an increased static fluid pressure. This action is described by Bernoulli's principle. The rotation of the pump impeller imparts kinetic energy to the fluid as it is drawn in from the impeller eye and is forced outward through the impeller vanes to the periphery. As the fluid exits the impeller, the fluid kinetic energy is then converted to pressure due to the change in area the fluid experiences in the volute section. The energy conversion, results in an increased pressure on the delivery side of the pump, causes the flow.
DESCRIPTION

The test pump is a single stage centrifugal pump. It is coupled with an electric motor by means cone pulley belt drive system. An energy meter is permanently connected to measure the energy consumed by the electric motor for driving the pump. A stop watch is provided to measure the input power to the pump. A pressure gauge and a vacuum gauge are fitted it the delivery and suction pipes, respectively, to measure the pressure. 

FORMULAE USED:

1) TOTAL HEAD 
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Where pd is the pressure gauge reading at delivery section in kg/cm2


pv is the vacuum gauge reading at suction section in kg/cm2


h is the vertical distance between the vacuum gauge and pressure gauge.

2) Discharge Q = 
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Where Act  is collecting tank area



R is the height of water rise in the collecting tank



Tc is the time taken
3) Power output of the pump
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4) Power input to the motor = 
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Where Ne  is the energy meter constant ie. Ne  revolution for 1KWh.



T is the time in sec for NR  revolution in energy meter

5) Power input to the pump 
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Where Ne  is the energy meter constant ie. Ne  revolution for 1KWh.



T is the time in sec for NR  revolution in energy meter

0.8 and 0.9 are assumed values for the efficiency of the motor and the belt transmission efficiency, respectively 

6) % Efficiency = 
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PRECAUTIONS 

· Ensure zero reading in pressure gauge and vacuum gauge before starting the experiment

PROCEDURE:

1. Note the collecting tank measurements, energy meter constant Ne and vertical distance ‘h’ from the vacuum gauge and pressure gauge.

2. Keep the delivery valve fully closed and suction valve fully open, after initially priming the pump.

3. Start the motor 

4. Adjust the gate value for a required flow rate. For this flow note the following readings:

i) Pressure gauge reading pd
ii) Vacuum gauge reading pv
iii) Speed of the pump using tachometer reading (N) rpm
iv) Time T in seconds for NR  revolutions in energy meter.

v) Time taken in seconds for determined height rise in the collecting tank.

5. Repeat the step 4 for the 10  different flow rates.

6. Repeat the same test by changing belt to the other pulley.
OBSERVATION AND COMPUTATIONS – I
Date :_______________

Density of water ρ = 1000 kg/m3
Acceleration due to gravity g = 9.81 m/s2 m

Energy meter Constant Ne =   .  .  .  .  .   h between pressure gauge and vacuum gauge=   .  .  .  .  .  .  .  .  . m  

Area of collecting tank = 



Table 11.1 For belt connected to the pulley No:

	No
	Pump Speed

N
	Pressure gauge

Pd
	Vacuum gauge

Pv
	Total Head

H
	R

(m)
	Tc

(sec)
	Q


	NR
	T
	Power

input
PI
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Output

PO

	Efficiency
η %
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Table 11.2 For belt connected to the pulley No:

	No
	Pump Speed

N
	Pressure gauge

Pd
	Vacuum gauge

Pv
	Total Head

H
	R

(m)
	Tc

(sec)
	Q


	NR
	T
	Pinput
PI

	Poutput
PO

	Efficiency
η %
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GRAPH:

Readings observed during the falling head experiments were used in this graph.

1. H vs Q , PI vs. Q,  PO vs. Q  and η vs. Q,  drawn taking Q on x -axis and others on y – axis (Table 9.1 and Table 9.2) 2 curves in each graph. 4 graphs.

RESULTS AND COMMENTS

The performance test on centrifugal pump was conducted and the characteristic curves were drawn.

Maximum efficiency is found as                             % and 

corresponding discharge is                        m3/s

corresponding power output is                  KW

corresponding head is                               m

POST EXPERIMENT ACTIVITIES

The apparatus should be drained and cleaned after use.

QUESTIONS FOR DISCUSSION

· What is priming? Why is it necessary?

· Where do you recommend centrifugal pumps over reciprocating pumps?

· What is cavitation? What is the effect of cavitation?

EX.NO:
DATE:

PERFORMANCE TEST ON RECIPROCATING PUMP

OBJECTIVES:

To conduct the performance test and there by study the characteristics of the reciprocating pump.

APPARATUS REQUIRED:

Reciprocating pump with pressure gauge and vacuum gauge setup.
Stop Watch 

Collecting tank

Scale

Tachometer
Energy meter

THEORY:

A reciprocating pump is a positive displacement type pump, because of the liquid is sucked and displaced due to the thrust exerted on it by a moving piston inside the cylinder. The cylinder has two one-way valves, one for allowing water into the cylinder from the suction pipe and the other for discharging water from the cylinder to the delivery pipe. The pump operates in two strokes. During suction stroke, the suction valve opens and delivery valve closes while the piston move away from the valve. This movement creates low pressure/partial vacuum inside the cylinder hence water enters through suction valve. During delivery stroke, the piston moves towards the valves. Due to this, the suction valve closes and the delivery valve opens, hence liquid is delivered through delivery valve to the delivery pipe.

DESCRIPTION

The reciprocating pipe consists of a pump cylinder, piston, piston rod, crank, connecting rod, suction pipe, delivery pipe, suction valve and delivery valve. It is coupled with an electric motor by means cone pulley belt drive system. An energy meter is permanently connected to measure the energy consumed by the electric motor for driving the pump. A stop watch is provided to measure the input power to the pump. A pressure gauge and a vacuum gauge are fitted it the delivery and suction pipes, respectively, to measure the pressure. 

FORMULAE USED:

1) TOTAL HEAD 
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Where pd is the pressure gauge reading at delivery section in kg/cm2


pv is the vacuum gauge reading at suction section in kg/cm2


h is the vertical distance between the vacuum gauge and pressure gauge.

2) Discharge Q = 
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Where Act  is collecting tank area



R is the height of water rise in the collecting tank



Tc is the time taken
3) Power output of the pump
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4) Power input to the motor = 
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Where Ne  is the energy meter constant ie. Ne  revolution for 1KWh.



T is the time in sec for NR  revolution in energy meter

5) Power input to the pump 
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Where Ne  is the energy meter constant ie. Ne  revolution for 1KWh.



T is the time in sec for NR  revolution in energy meter

0.8 and 0.9 are assumed values for the efficiency of the motor and the belt transmission efficiency, respectively 

6) % Efficiency = 
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PRECAUTIONS 

· Ensure zero reading in pressure gauge and vacuum gauge before starting the experiment

PROCEDURE:

1. Note the collecting tank measurements, energy meter constant Ne and vertical distance ‘h’ from the vacuum gauge and pressure gauge.

2. Keep the delivery valve fully closed and suction valve fully open, after initially priming the pump.

3. Start the motor 

4. Adjust the gate value for a required flow rate. For this flow note the following readings:

i) Pressure gauge reading pd
ii) Vacuum gauge reading pv
iii) Speed of the pump using tachometer reading (N) rpm
iv) Time T in seconds for NR  revolutions in energy meter.

v) Time taken in seconds for determined height rise in the collecting tank.

5. Repeat the step 4 for the 10  different flow rates.

6. Repeat the same test by changing belt to the other pulley.
OBSERVATION AND COMPUTATIONS – I
Date :_______________

Density of water ρ = 1000 kg/m3
Acceleration due to gravity g = 9.81 m/s2 m

Energy meter Constant Ne =   .  .  .  .  .   h between pressure gauge and vacuum gauge=   .  .  .  .  .  .  .  .  . m  

Area of collecting tank = 



Table 12.1 For belt connected to the pulley No:

	No
	Pump Speed

N
	Pressure gauge

Pd
	Vacuum gauge

Pv
	Total Head

H
	R

(m)
	Tc

(sec)
	Q


	NR
	T
	Power

input
PI

	Power 

Output

PO

	Efficiency
η %
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Table 12.2 For belt connected to the pulley No:

	No
	Pump Speed

N
	Pressure gauge

Pd
	Vacuum gauge

Pv
	Total Head

H
	R

(m)
	Tc

(sec)
	Q


	NR
	T
	Pinput
PI

	Poutput
PO

	Efficiency
η %
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GRAPH:

1. Readings observed during the falling head experiments were used in this graph.

2. H vs Q , PI vs. Q,  PO vs. Q  and η vs. Q,  drawn taking Q on x -axis and others on y – axis (Table 9.1 and Table 9.2) 2 curves in each graph. 4 graphs.

RESULTS AND COMMENTS

The performance test on reciprocating pump was conducted and the characteristic curves were drawn.

Maximum efficiency is found as                             % and 

corresponding discharge is                        m3/s

corresponding power output is                  KW

corresponding head is                               m

POST EXPERIMENT ACTIVITIES

The apparatus should be drained and cleaned after use.

QUESTIONS FOR DISCUSSION

· What is an air vessel? Describe its functions.

· Where do you recommend reciprocating pumps over centrifugal pumps?

· What are the difficulties you had while taking measurements?
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