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DEVICES TO MEASURE RATE OF FLOW THROUGH PIPES 

1 . Quantity meter (Water Meter) 

• Water meter it is one of the most common type of quantity meter used in pipelines for the 

measurement of volume the figure shows the principle of working of a Rotary type water metre 

when the water flows across the water metre the flow takes place in a helical pattern due to the 

inclined holes and the propeller retains operating a series of a gears the quantity of water flowing 

through the metre can be directly read from the circular dial the metre reading can be crossed by 

adjusting the position of the bypass control screw provided in the in left side of the metre. 

2.Venturimeter 

• This is an instrument in which the practical application of  Bernoulli's theorem is applied. It is used 

for measuring the discharge or rate of flow of fluid . It consist of 3 parts  

• 1. A short convergent part ( inlet ) 

• 2. A throat  

• 3. A long divergent part ( outlet ) 

 Venturi meter is bolted in a pipe line by two flange at the two ends. The venturimeter may be 

connected to a U- tube manometer to read difference of pressure. As the fluid flows through the meter , 

velocity will increase at the  throat owing to the reduction  of area, consequently the pressure will be 

reduced which can be read by manometer. 
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Quantitymeter(WaterMeter) 

 

PRESSUREMEASURINGDEVICES 

PIEZOMETER 

 it is the simplest form of pressure measuring device used for measuring moderate gauge 

pressure. By using piezometer , the pressure had of the liquid contained in a vessel can be directly 

measured. One end of the piezometer is connected to the point where pressure is to be measured, and 

other end is open to atmosphere. 

U-TUBEMANOMETER 

For the measurement of large pressure U tube manometer are used. U - Tube manometer consists of 

a  U shaped glass tube which contain Mercury on one limb. And other and remain open to the 

atmosphere tube consists of Mercury which has specific gravity 13 .6 times than that of water. 

U TUBE DIFFERENTIAL MANOMETER 

• It is device to find difference of pressure between two points in a pipe, or in two different pips at the 

same level, or at different level. It consist of a u shaped tube, containing heavy liquid (mercury), 

• The two ends of this U tube are connected to the points , whose difference of pressure is to be 

measured.  
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BOURDON TUBE PRESSURE GAUGE 

 Bourdon tubes are radially formed tubes with an oval cross-section. The pressure of the measuring 

medium acts on the inside of the tube and produces a motion in the non-clamped end of the tube. This 

motion is the measure of the pressure and is indicated via the movement. The C-shaped Bourdon tubes, 

formed into an angle of approx. 250°, can be used for pressures up to 60 bar. For higher pressures, Bourdon 

tubes with several superimposed windings of the same angular diameter (helical tubes) or with a spiral coil 

in the one plane (spiral tubes) are used. 

BOURDON TUBE VACUUM GAUGE 

 The bourdon tube vacuum gauge is similar in construction of the pressure gauge here the C shaped 

tube of elliptical cross section is bent inwards when pressure inside the tube is below the atmospheric air the 
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gives an anti clockwise movement of the needle through the language the figure gives the external 

appearance of the vacuum gauge.  

 

DEVICES TO MEASURE WATER LEVEL OPEN CHANNEL 

POINTED GAUGE:  

 A pointed gauge is basically consists of a thin vertical rod pointed at its lower end the road is 

attached to a voice and find the arrangement as shown in the figure the point of the gauge is lowered until it 

just touches the surface of water by rotating knob fitted  on the pinion . The elevation of water surface can 

be read from the vernier scale attached to the rod the difference in water level in open channel usually 

measured by the point gauge. 

 

HOOK GAUGE 

A hook gauge is similar to that of pointer gauge as shown in the figure here the pointed end of the rod is 

bent into a form of hook shaped so that the level of water can be measured when the pair is just merges 

above the liquid surface the gauge is giving better accuracy than pointer gauge in  measurement. 
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ORIFICE 

An orifice is an opening having closed perimeter ,made at the side or bottom wall of Tank or a vessel 

containing fluid the shape may be either circular, rectangular triangular etc ,through which fluid may be 

discharged 

NOTCHES 

A notch may be defined as an opening which is not closed and provided in the side of the tank such as the 

liquid surface in the tank is below the bottom edge of the opening. Notches are made up of metallic plates 

provided in narrow channels in order to measure the  rate of flow of liquid ,notches are mainly rectangular 

triangular and trapezoidal 
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STANDARD PIPE FITTINGS: 

‘Pipe fittings’ are those fittings that may be attached to pipes in order to: 

-  change the direction of the pipe     

-  connecttwo or more pipes of different sizes 

-  connect a branch with a main water supply pipe 

-  close the pipe ends. 
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ELBOWS: Elbows and bends provide deviations of 90° and 45° in pipe work systems. Long radius elbows 

have a radius equal to 1½ times the bore of the pipe. Short radius elbows have a radius equal to the bore of 

the pipe.The 45° elbows allow pipe deviation of 45°. 

TEEJOINTS: A tee joint helps the pipe line to branch off at 90
0
. The branches may be equal in diameter or 

there may be one reducing branch. The dimensions of a branch are always quoted as A x B x C. Reducers 

are fitted where a change in pipe diameter is required. 

CROSS:Cross is also known as four-way pipe fitting. A cross has one inlet and three outlets (or vice versa). 

Generally, crosses are not used in process piping to transport fluid. But forged crosses are common in the 

fire water sprinkler line. 

LATERAL45
0
: It is a type of Tee which has the branch at a 45° angle, or an angle other than 90°. Wye tee 

allows one pipe to be joined to another at a 45° angle. This type of tee reduces friction and turbulence that 

could hamper the flow. Wye tee is also known as a lateral. 

EXPANSIONJOINT: It is a connector of two pipes. It provides stress relief in a piping system due to 

thermal and mechanical vibration or movements 

UNION: A device used to connect pipes. Unions are inserted in a pipe-line to permit connections with little 

change to the position of the pipe. When unions are used in pipe lines, it is easy to dismantle and repair. 

PLUG: A plug is used for closing a pipeline which has an internal thread. 

DEADEND:  Used to close an ending on a pipe fitting normally used for inspection or cleanout. 

COUPLING: A coupling is used to connect two pipes. Couplings have internal threads at both ends to fit 

the external threads on pipes. 

REDUCER: A reducer coupling is used to connect two pipes with different diameters. 

PIPENIPPLES: Pipe nipples are tubular pipe fittings used to connect two or more pipes of different sizes. 

 

           900 ELBOW  450 ELBOW  TEE                         
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               REDUCING TEE                        CROSS                           LATERAL 450 

 

EXPANSION JOINT                    UNION PLUG

 

         DEAD ENDCOUPLINGREDUCER   

 

 LONG NIPPLE  SHORT NIPPLE                      CLOSE NIPPLE 
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EXPERIMENTS 
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EXPERIMENT:1 

CLOSED CIRCUIT BERNOULLI'S THEOREM APPARATUS  

 

AIM - 

     To prove the Bernoulli’s theorem using closed circuit Bernoulli’s theorem apparatus.  

APPARATUS REQUIRED - 

(1) Supply tank  

(2) Measuring tank  

(3) Sump tank  

(4) Duct  

(5) Supply pump set 

PRINCIPLE -  

     According to Bernoulli’s theorem, in steady continuous liquid flow, the total head along 

the flow is the same at all points. ie the sum of datum head (z)  pressure head (p/w) and 

velocity head (v2/2g) is constant at different points.  

P1/ w + V1²/2g + Z1 = P2/w + V2²/2g + Z2 

 

FORMULAS- 

Velocity = Qa / A 

Actual discharge, Qa =  
𝑎ℎ

𝑡
 

Where,  

a = Area of measuring tank in meter² 

h = Rise of water level (say 5cm) in meter 

t = Time for rise of water level in seconds  

A = Area of cross section of duct in meter² 
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PROCEDURE  

1. Start the pump  

2. Open the inlet valve and maintain the head constant.  

3. Adjust the outlet gate valve and fix the piezometer head at duct.  

4. Measure the time for rise of water level and note down the pressure head.  

5. Adjust the head and repeat the procedure. 

6.Find the time required to rise the level of water in the collecting tank upto a height of 5cm. 

6. Calculate the actual discharge. 

7. Find out the velocities and velocity head at all sections. 

8. Calculate the pressure head and datum head at all sections. 

9. Find the total head. 

 

 

RESULT: 

 

Prove the Bernoulli’s theorem using closed circuit Bernoulli’s theorem apparatus.  

Average pressure head= 
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TABULATION COLUMN 

Sl 

no 

Area of cross 

section(mm
2
) 

Time(sec) Actual 

discharge(m
3
/s) 

Velocity(m/s) Velocity 

head(v
2
/2g) 

Pressure 

head(p/w) 

Total 

head 

        

        

        

        

        

        

        

 

  

MA'DIN POLYTECHNIC COLLEGE



REVISION-2015 HYDRAULICS LAB- (4018) 

 

17 MA’DIN POLITECHNIC COLLEGE, MALAPPURAM 

 

EXPERIMENT:2 

VENTURIMETER TEST RIG 

AIM-  

To determine the co-efficient of discharge using venturimeter test rig and also plot the graph 

between Cd vs H. 

APPARATUS REQUIRED- 

1) Venturimeter 

2) Piping system 

3) Measuring tank 

4) Differential manometer 

FLOW METERS 

Sl. No Venturimeter size Throat diameter 

1. 20mm 11.83 

2. 25mm 14.79 

 

FORMULAS- 

1) Co-efficient of discharge, Cd = Actual discharge (Qa) / Theoretical discharge (Qt) 

2) Actual discharge , Qa = 
𝐴ℎ

𝑡
   m³/sec 

Where, 

     A = Area of measuring tank in meters. 

     h = Rise of water level in meters (say 5cm) 

     t = Time in seconds for raise of water level (say 10 cm) 

3) Theoretical discharge , Qt = Kx 𝐻 
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Where , 

  K =     
𝑎1.𝑎2. 2𝑔 13.6−1 /1000

 (a12− a22)
 

     H = Differential head of manometer in mm 

     a1 = Area of the pipe 

     a2 = Area of the venture throat  

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

PROCEDURE- 

1. Close all the valves ( venturimeter pipeline & Manometer) 

2. Select the venturimeter pipeline in which you wanted to conduct the experiment and keep 

the valve open. 

3. Open the inlet valve. 

4. Open the needle valves of the manometer and venturimeter( make sure while taking 

readings , that the manometer is properly primed .Priming is filling the the manometer upper 

part and the connecting pipes with water venting the air from the pipes.) 

5. Adjust the control valves kept at the exit side of the venture to a desired flow rate and 

maintain the flow steadily. 

6. Note down the readings of manometer and time for 5cm rise in measuring tank. 

7. Adjust the gate valve and repeat the experiment. 

 

RESULT : 

 

Determined the co-efficient of discharge using venturimeter test rig and also plot the graph 

between Cd vs H. 

Average Coefficient of discharge Cd= 
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TABULATION COLUMN 

Sl . 

No 

Differential head 

in mm of 

mercury 

Time for 

10cm raise 

of water 

level 

Actual 

discharge , 

Qa 

Theoretical 

discharge , 

Qt 

Co-efficient 

of discharge 

, Cd 

 h 1 

in 

mm 

h 2 in 

mm 

H in mm sec m³/sec m³/sec  
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EXPERIMENT:3 

    PIPE FRICTION APPARATUS 
 

 

AIM-  

To determine the Frictional losses in pipes of different size using the given pipe friction 

apparatus. 

APPARATUS REQUIRED: 

Piping system 

Measuring tank 

Differential manometer 

Stop watch  

 

FORMULAS : 

 

Head loss due to  friction, hf =( 4FLV2 ) /2gd 
 

 Frictional coefficient,F =hf 2gd/ ( 4LV2 )   

 

  hf = head loss due to  friction in , meters of water= H*(13.6-1)/1000 

  F = coefficient of friction for the pipe  

  L = head loss between section (2m) 

  V
2  

= average velocity of flow in ,m/s 

g = acceleration due to gravity ,9.81 m/s
2
 

 

d =diameter of pipe in , m 

 

a = area of pipe in ,m
2 
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  Actual discharge, Qa =  
𝐴ℎ

𝑡
  

Where, 

 A = Area of measuring tank in (m
2 
) 

  h = Rise of water level in meters (say 5cm) 

  t = Time in seconds for raise of water level (say 5 cm) 

 

PROCEDURE: 

 

1. Close all the valves (pipe line and manometer) 

2. Select the pipe line in which we have to conduct the experiment and keep the gate 

valve open 

3. Open the inlet valve 

4. Open the needle valve of the manometer and pressure tapping 

5. Adjust the control valve kept the exit side of the apparatus to a desired flow rate and 

maintain the flow steady. 

6. Note down the reading of manometer and time for 5 cm raise of water in measuring 

tank 

7. Adjust the gate valve and repeat the experiment. 

 

RESULT : 

 

Determined the Frictional losses in pipes of different size using (size mention)the given pipe 

friction apparatus= 
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TABULATION COLUMN 

  

sl no 

Dia of 

the pipe 

in, m 

Area of 

pipe in m 

Time for 5 

cm raise of 

water level 

Manometer reading 
head loss 

in ,m of 

water 

coefficient 

of friction 
H1(mm of 

Hg) 

H2(mm of 

Hg) 

H(m

m of 

Hg) 

1                 

2                 

3                 

4                 

5                 

6                 
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EXPERIMENT:4 

APPARATUS FOR DETERMINATION OF CO-EFFICIENT OF DISCHARGE OF 

NOTCHES 

AIM - 

    To determine the co-efficient of discharge of notches (termed as notch tank apparatus) and 

calibrate the notches.  

APPARATUS REQUIRED - 

1) Notch tank 

2) Notch plates 

3) Hook gauge 

4) Measuring tank 

5) Stop watch 

FORMULAS - 

1) Co-efficient of discharge, Cd = 
𝑄𝑎

𝑄𝑡
 

2) Actual discharge , Qa = 
𝐴ℎ

𝑡
in m³/sec 

Where,  

A = Area of measuring tank = 30*30=900 cm²= 0.09 m
2
 

h = Raise of water level in meter = 5cm =0.05m 

t = Time for rise of water level in seconds  
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3) The theoretical discharge is calculated by noting the 'head' (H) over the notch plate, 

measured with the help of hook gauge. For different types of notch plates , different 

formulas should be used to calculate the theoretical principles of flow. 

 

a) For a rectangular notch,  

Qt =  
2

3
  2𝑔 BH3/2 

  Where,  

Qt = Theoretical discharge in m
3
/sec 

B   = Breadth of the notch in meter 

H  = Head of water over the notch in meter 

g   = Acceleration due to gravity = 9.81 m/s2 

b) For a 'V' notch,  

Qt = 
8

15
  2𝑔  tan 

∅

2
  H5/2

 

Where,  

Qt = Theoretical discharge in m3/sec 

H   = Head of water over the notch in meter  

g   = Acceleration due to gravity = 9.81 m/sec
2
 

  ∅= Angle of the notch = 60 degree 

c) For a Trapezoidal notch,  
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Qt =   
2

3
  2𝑔 BH3/2 +  

8
15

  2𝑔  tan 
∅

2
  H5/2

 

 

 

 

PROCEDURE - 

(1) Select the notch plate and fix it with water tight at the notch holder.  

(2) Open the inlet valve to the desired value of flow.  

(3) Measure the height over the notch with hook gauge.  

(4) Note the time for raise of water level in measuring tank.  

(5) Repeat the experiment at different flow rate by adjusting the inlet gate valve.  

(6) Also repeat the experiment with other notches. 

 

RESULT : 

Determined the co-efficient of discharge of notche, Cd = 

  

MA'DIN POLYTECHNIC COLLEGE



REVISION-2015 HYDRAULICS LAB- (4018) 

 

27 MA’DIN POLITECHNIC COLLEGE, MALAPPURAM 

 

TABULATION COLUMN 

Sl. 

No 

Hook gauge reading in 

(mm)  

Actual 

discharge, Qa 

in m³/sec 

Time for 

raise of 

water level,  t 

in sec  

Theoretical 

discharge, Qt in 

m³/sec 

Co-efficient of 

discharge, Cd = 

Qa / Qt  

 Initial Final Depth      Qa     t       Qt       Cd  

 

1 

       

2        

3          
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STUDY OF PUMPS 
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WORKING OF CENTRIFUGAL PUMP 

 

As the electric motor starts rotating, it also rotates the impeller. The rotation of the impeller 

creates suction at the suction pipe. Due to suction created the water from the sump starts 

coming to the casing through the eye of the impeller. From the eye of the impeller, due to the 

centrifugal force acting on the water, the water starts moving radially outward and towards 

the outer of casing. Since the impeller is rotating at high velocity it also rotates the water 

around it in the casing. The area of the casing increasing gradually in the direction of 

rotation, so the velocity of the water keeps on decreasing and the pressure increases, at the 

outlet of the pump, the pressure is maximum. Now form the outlet of the pump, the water 

goes to its desired location through delivery pipe. 

 

 

MA'DIN POLYTECHNIC COLLEGE



REVISION-2015 HYDRAULICS LAB- (4018) 

 

30 MA’DIN POLITECHNIC COLLEGE, MALAPPURAM 

 

 

 

 

APPLICATION 

The centrifugal pump is used in almost every field to raise the liquid from low level to high 

level. They are mostly 

used at home for filling water tanks, almost in every industry such as chemical, automobile, 

marine, manufacturing, for 

irrigation etc. 

 

WORKING OF RECIPROCATING PUMP 

Operation of reciprocating motion is done by the power source (i.e. electric motor or i.c 

engine, etc). Power source gives rotary motion to crank; with the help of connecting rod we 

translate reciprocating motion to piston in the cylinder (i.e. intermediate link between 

connecting rod and piston). When crank moves from inner dead centre to outer dead centre 

vacuum will create in the cylinder. When piston moves outer dead centre to inner dead 

centre and piston force the water at outlet or delivery value. 
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APPLICATION 

Reciprocating pumps are used in some of the most abrasive and corrosive applications. Fluid 

ends and fluid end par ts can be made in many different materials such as stainless steel, 

aluminum bronze, tungsten carbide, ceramic, and more. A wide selection of valve types are 

used in abrasive applications such as pumping cement, sand slurry, mud, etc. 

WORKING OF GEAR PUMPS 

 

external gear pumps are similar in pumping action to internal gear pumps in that two gears 

come into and out of mesh to produce flow. However, the external gear pump uses two 

identical gears rotating against each other -- one gear is driven by a motor and it in turn 

drives the other gear. Each gear is supported by a shaft with bearings on both sides of the 

gear. 

1. As the gears come out of mesh, they create expanding volume on the inlet side of the 

pump. Liquid flows into the cavity and is trapped by the gear teeth as they rotate. 

2. Liquid travels around the interior of the casing in the pockets between the teeth and the 

casing -- it does not pass between the gears. 

3. Finally, the meshing of the gears forces liquid through the outlet port under pressure. 

Because the gears are supported on both sides, external gear pumps are quiet-running and 

are routinely used for highpressure applications such as hydraulic applications. With no 

overhung bearing loads, the rotor shaft can't deflect and cause premature wear. 
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APPLICATIONS 

 Petrochemicals: Pure or filled bitumen, pitch, diesel oil, crude oil, lube oil etc. 

 Chemicals: Sodium silicate, acids, plastics, mixed chemicals, isocyanates etc. 

 Paint and ink. 

 Resins and adhesives. 

 Pulp and paper: acid, soap, lye, black liquor, kaolin, lime, latex, sludge etc. 

 Food: Chocolate, cacao butter, fillers, sugar, vegetable fats and oils, molasses, animal 

food etc. 

  

MA'DIN POLYTECHNIC COLLEGE



REVISION-2015 HYDRAULICS LAB- (4018) 

 

33 MA’DIN POLITECHNIC COLLEGE, MALAPPURAM 

 

EXPERIMENT:5 

EFFICIENCY TEST ON RECIPROCATING PUMP 

 

AIM:  

 To determine the efficiency of a given reciprocating pump and plot the following graphs. 

(i) Head vs Discharge (ii) Head vs power (iii) Head vs efficiency 

 

APPARATUS REQUIRED: 

Centifugal pump,Pessuegauge&Vacuumgauge,Energymeter,Stop watch 

 

PRINCIPLE: 

Output Power Po = ρgQH Watts 

Where;    

ρ = Density of water in kg/m
3
 

                  g = Acceleration due to gravity (9.81) I m/s
2
 

                  Q = Actual Discharge in m
3
/s 

                  H = Total head in meters of water 

 

Total head = Suction head + Delivery head 

Suction head = Vacuum gauge reading x 
(13.6−1)

1000
in meters of water 

Delivery head = Pressure gauge reading x 10.33m of water 

Actual discharge Q = 
𝐴𝑋ℎ

𝑡
m

3
/s 

A = Area of collecting tank m
2 

h = Rise of water in collecting tank in meters  

t = Time for 5 cm rise of water in seconds  
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Input power pi = X/t  x3600 x 
1

3200 
in KW 

where;   

             X = Number of blinking of energy meter  

             t = Time for 5 blink of energy meter in seconds   

 

Efficiency = Po/Pi x 100 

 

PROCEDURE 

1.Note down the internal dimensions of collecting tank, energy meter constant  

2. The valve is opened fully before starting the pump. 

3. The pump is started by starting the electric motor. 

4. The head of the pump is noted from the pressure gauge reading. 

5. Find the discharge by volumetric method. 

6. Find the input energy by observing the energy meter. 

7. Repeat the experiment for various flow rates. 

8. Find the efficiency and slip of the pump. 

9. Plot the required characteristics graphs. 

 

 

 

 

RESULT: 

      Determined the efficiency of reciprocating pump and following graphs are plotted  

(i)Head vs Discharge (ii) Head vs power (iii) Head vs efficiency 

 

Average input power   =  
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Average output power = 

Average efficiency = 
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EXPERIMENT:6 

EFFICIENCY TEST ON CENTRIFUGAL PUMP 

 

AIM:  

 To determine the efficiency of a given centrifugal pump and plot the following graphs. 

(i) I/P vs Discharge (ii) Total head vs Discharge (iii) Efficiency vs Discharge  

 

APPARATUS REQUIRED: 

Centrifugal pump, Pressuregauge Vacuumgauge, Energymeter, Stop watch 

 

PRINCIPLE: 

Output Power Po= ρgQHWatts 

Where;    

ρ = Density of water in kg/m
3
 

g =Acceleration due to gravity (9.81) in  m/s
2
 

          Q = Actual Discharge in m
3
/s 

          H = Total head in meters of water 

 

Total head = Suction head + Delivery head 

Suction head = Vacuum gauge reading x 
(13.6−1)

1000
in meters of water 

Delivery head = Pressure gauge reading x 10.33m of water 

Actual discharge Q = 
𝐴𝑋ℎ

𝑡
m

3
/s 

A = Area of collecting tank m
2 

h = Rise of water in collecting tank in meters  

t = Time for 5 cm rise of water in seconds  
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Input power pi = X/t x3600 x 
1

3200 
in KW 

where;   

             X = Number of blinking of energy meter 

             t = Time for 5 blink of energy meter in seconds   

 

Efficiency =Po/Pi x 100 

 

PROCEDURE 

1.Note down the internal dimensions of collecting tank, energy meter constant  

2.The valve is closed fully before starting the pump. 

3. The pump is started by starting the electric motor. 

4. Pressure gauge, vacuum gauge reading, energy meter reading, time taken for 5 cm rise in 

collecting tank and 5 blink are noted from the pressure gauge reading. 

5. Find the discharge by volumetric method. 

6. Find the input energy by observing the energy meter. 

7. Repeat the experiment for various flow rates. 

8. Find the efficiency of the pump. 

9. Plot the required characteristics graphs. 

 

 

RESULT: 

      Determined the efficiency of reciprocating pump and following graphs are plotted  

(i) Pi vs Q        (ii) H vs Q     (iii) ɳ vs Q                               

Average input power= 

Average output power = 

Average efficiency = 
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STUDY OF TURBINE 
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WORKING PRINCIPLE OF PELTON TURBINE 

 

The high speed water jets emerging form the nozzles strike the buckets at splitters, placed at 

the middle of a bucket, from where jets are divided into two equal streams. These stream 

flow along the inner curve of the bucket and leave it in the direction opposite to that of 

incoming jet. The high speed water jets running the Pelton Wheel Turbine are obtained by 

expanding the high pressure water through nozzles to the atmospheric pressure. The high 

pressure water can be obtained from any water body situated at some height or streams of 

water flowing down the hills. The change in momentum (direction as well as speed) of water 

stream produces an impulse on the blades of the wheel of Pelton Turbine. This impulse 

generates the torque and rotation in the shaft of Pelton Turbine. To obtain the optimum 

output from the Pelton Turbine the impulse received by the blades should be maximum. For 

that, change in momentum of the water stream should be maximum possible. That is 

obtained when the water stream is deflected in the direction opposite to which it strikes the 

buckets and with the same speed relative to the buckets. MA'DIN POLYTECHNIC COLLEGE
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APPLICATIONS 

Pelton wheels are the preferred turbine for hydro-power, when the available water source has 

relatively high hydraulic head at low flow rates. Pelton wheels are made in all sizes. There 

exist multi-ton Pelton wheels mounted on vertical oil pad bearings in hydroelectric plants. 

The largest units can be up to 200 megawatts. The smallest Pelton wheels are only a few 

inches across, and can be used to tap power from mountain streams having flows of a few 

gallons per minute. Some of these systems utilize household plumbing fixtures for water 

delivery. These small units are recommended for use with thirty meters or more of head, in 

order to generate significant power levels. Depending on water flow and design, Pelton 

wheels operate best with heads from 15 meters to 1,800 meters, although there is no 

theoretical limit. 
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WORKING OF FRANCIS TURBINE 

 

Francis Turbines are generally installed with their axis vertical. Water with high head 

(pressure) enters the turbine through the spiral casing surrounding the guide vanes. The 

water looses a part of its pressure in the volute (spiral casing) to maintain its speed. Then 

water passes through guide vanes where it is directed to strike the blades on the runner at 

optimum angles. As the water flows through the runner its pressure and angular momentum 

reduces. This reduction imparts reaction on the runner and power is transferred to the turbine 

shaft. If the turbine is operating at the design conditions the water leaves the runner in axial 

direction. Water exits the turbine through the draft tube, which acts as a diffuser and reduces 

the exit velocity of the flow to recover maximum energy from the flowing water. 

 

 

APPLICATIONS 

Francis turbines may be designed for a wide range of heads and flows. This, along with their 

high efficiency, has made them the most widely used turbine in the world. Francis type units 
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cover a head range from 40 to 600 m, and their connected generator output power varies 

from just a few kilowatts up to 800 MW. In addition to electrical production, they may also 

be used for pumped storage 

 

WORKING OF THE KAPLAN TURBINE 

 

The working head of water is low so large flow rates are allowed in the Kaplan Turbine. The 

water enters the turbine through the guide vanes which are aligned such as to give the flow a 

suitable degree of swirl determined according to the rotor of the turbine. The flow from 

guide vanes pass through the curved passage which forces the radial flow to axial direction 

with the initial swirl imparted by the inlet guide vanes which is now in the form of free 

vortex. The axial flow of water with a component of swirl applies force on the blades of the 

rotor and looses its momentum, both linear and angular, producing torque and rotation (their 

product is power) in the shaft. The scheme for production of hydroelectricity by Kaplan 

Turbine is same as that for Francis Turbine. 
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APPLICATION 

Kaplan turbines are widely used throughout the world for electrical power production. They 

cover the lowest head hydro sites and are especially suited for high flow conditions. 

Inexpensive micro turbines on the Kaplan turbine model are manufactured for individual 

power production designed for 3 m of head which can work with as little as 0.3 m of head at 

a highly reduced performance provided sufficient water flow 
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EXPERIMENT:7 

PELTON WHEEL TURBINE TEST RING 

 

AIM: 

To find out the efficiency of the Pelton turbine using given Pelton test rig. 

APPARATUS REQUIRED: 

         Pelton turbine test rig, Stop watch, Tacho meter 

TECHNICAL SPECIFICATION: 

Pelton turbine 

 Output power            5HP 

 Speed                         1000rpm 

 No of buckets             18 No’s              

 Brake diameter          30mm 

 Rope diameter           10mm 

Single pump set                   

 Size of venture meter    65mm 

 Diameter of inlet (T1)    65mm=0.065m 

 Diameter of throat         38.45mm=0.038m 

 Venture meter constant 5.496*10^-3 

      Q=K*√H 

                                            H=Meter of water 

PRINCIPLE 

 An impulse turbine is a turbo machine in which KE from one or more fast moving jet 

converted to rotational mechanical energy converted to shaft of machine. 

 Nozzle transform water a high head in to power fall jet. The motion of the jet is 

destroyed by striking the runner which is absorbed by resulting force on the pressure 

change occurs at the turbine blade.  
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 The medium bring high pressure water to the impulse wheel is called the penstock. 

 

1. Efficiency  =( break power/ Input power)*100 

2. Break power = 2*3.14*NT/60   in KW 

 Where,  

T   = Torque in nm 

     = (w1-w2)*Re 

Re = Effective radius of the break drum with rope in water  

W1= Applied load in newton Kg=9.81N 

W2= Balance reading in newton 1Kg=9.81N 

W = Net load in N 

D   = Diameter of the drum in meter (.30m) 

N   = Speed of the turbine in rpm 

3. Input power = WQH      in  KW  

Where, 

W   = Specific weight of water     in    9.81KN/m
3
 

Q    = Discharge    in    m
3
/sec 

H    = Head in m of water 

Q     = a1a2√2ghw / √(a1
2
-a2

2
) 

1. Minimum opening position of the turbine at no load. Note down the manometer 

and the pressure gauge reading. 

2. Regulate the valve to reach the related speed at rated head of the turbine check the 

rpm using tachometer note down the reading. 

3. Load the turbine by putting weight on the loading. 

4. Regulate the speed noted by adjusting the valve note, down the reading of the 

manometer, the gauge and spring balance. Repeat the above by increasing the 

weight the on the hanger gradually up to the load. 

5. Remove the head close the gate valve slowly and stop the centrifugal pump. 
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RESULT: 

Calculated the efficiency of the Pelton turbine by using the given Pelton test rig 

The maximum efficiency of the turbine =  

 

TABULATION COLUMN 
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EXPERIMENT:8 

TEST ON HYDRAULIC RAM 

 

AIM: 

    To determine the working characteristics of hydraulic ram at constant valve lift and 

constant supply head and piolt the following curves. 

1. Pumped water v/s Delivery head 

2. waste water v/s Delivery head 

3.  D' aubussioneffivirncy v/s Delivery head 

4. Rankines's efficiency v/s Delivery head 

5. Number of heats/sec v/s Delivery head 

 
    To determine lift magnification factor and discharge at maximum efficiency point. 

APPARATUS:  

    The given hydraulic ram connect to the supply tank using supply pipes the pressure gauge 

fitted in the delivery line or measure the delivery pressure arrangement for measuring the 

waste water , arrangement for measuring the perfect water, stop watch,Graph.    

PRINCIPLE 

The ram is running at constant supply head and constant valve lift ,the delivery head (Hd)is 

varied from a minimum value to maximum possible by adjusting the delivery and to the 

corresponding rate of waste water flow and the number of beats per  minute are noted.The 

efficiency of ram is calculated as 
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D’Aubussion’s  efficiencyȠd = 
 𝑞∗𝐻𝑑 ∗100

 𝑄+𝑞 ∗𝐻𝑠
 

D’ Rankine’s  efficiency Ƞr = 
𝑞∗ 𝐻𝑑−𝐻𝑠 ∗100

𝑄∗𝐻𝑠
 

Where, 

q= Rate of pumping    in  m
3
/s 

v= Volume of measuring vessel   in  m
3 

T
= 

Mean time for filling delivery tank in seconds 

Q = Rate of waste water flow in m
3
/s 

Hd= Delivery head in meters 

Hs= Suction head in meters 

Number or  beats of value Nb= N/T3 

T3= Mean time in seconds required for N beats 

The magnification factor is calculated corresponding to the best efficiency point from graph. 

Lift magnification factor =Hd/Hs 

PROCEDURE: 

1. Admit water to the supply reservoir and keep the head constant by controlling the 

valve on the delivery pipe to centrifugal pump. 

2. open the ball valve on the supply pipe from the reservoir in order to admit water and 

to the ram and allow water to follow through the water valve which is open initially. 

3. As the flow in increased to certain level the valve close readily due to the dynamic 

pressure, This effect the pumping through delivery pipe , if this is not happening 

automatically help by hand to close the valve one or twice ,so that the ram start and 

continuous pumping automatically. 

4. Open the control valve on the delivery pipe from maximum discharge and note the 

pressure gauge reading from the lowest valve or the delivery head. 

5. Note the time to in second for the rise or 5cm rise in the waste water measuring tank if 

the difference exceed 10% take a third which comes with in this raise. 

6. Note that time t2 in second for collecting 2 liters of delivery water in flow meter. 

7. Note the time b in seconds for N number of heats of waste valve. 

8. Repeat the experiment for different delivery heads from the lowest to the highest 

possible value by adjusting the delivery control valve. 

9. After taking the observation close the supply pipe to the ram as well as the inlet or the 
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reservoir, In order to stop the process. 

 

RESULT 

 

The working characteristics of hydraulic ram at constant value lift and constant supply head 

was determined.And the following graphs are plotted 

- Pumped water v/s Delivery head 

- Waste water v/s Delivery head 

- D' Aubussion efficiency v/s Delivery head 

- Rankines's efficiency v/s Delivery head 

        - The maximum efficiency point = 

        - The lift magnification point = 
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