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Object: Experimental determination of coefficient of discharge for rectangular notch.

Theory: 
[image: ]

Classification of Notches 
Notches are classified according to the shape of opening as
1. Rectangular Notch
2. Triangular Notch
3. Trapezoidal Notch
4. Stepped Notch


Theoretical discharge over Rectangular Notch 
	[image: ]
[image: ]
  The discharge dQ, through the strip is 
				

The total discharge Q for whole notch is determine by integerating between the limit 0 to H.
Therfore;
				
				

Actual discharge over Rectangular Notch 
	The actual coefficient of discharge (Qact) is determine experimentally and the the expression for this is 

Where 
w = length of water collecting tank			= 600 mm
b = width of collecting tank at the bottom		= 105 mm
c = width of collecting tank at the top		= 380 mm
d = depth of tank from top to bottom			= 360 mm







Coefficient of Discharge (Cd)
	
	It is the ratio of actual discharge to theoretical discharge over the notch.


Experiment’s procedures 
1. The rectangular notch is clamped to the weir carrier by thumb nuts. 
2. The vernier hook is calibrated so that its zero starts from the edge of the notch. 
3. Several readings of time, volume and water level up stream is taken, with the flow rate increased each time. 
4. Replace the rectangular notch by the notch and repeat the procedures 2 & 3 again. 

Result Table
	S.No.
	h (cm)
	Time (sec)
	Height of water rise over the notch (H) (cm)
	Theoretical Discharge (Qth) 
(m3/s) 
	Actual Discharge (Qact) (m3/s)
	Cd

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	

	7
	
	
	
	
	
	


	Average value of coefficient of discharge (Cd) = 
Sample calculation:
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Object: Experimental determination of coefficient of discharge for triangular Notch.

Theory: 
[image: ]

Classification of Notches 
Notches are classified according to the shape of opening as
1. Rectangular Notch
2. Triangular Notch
3. Trapezoidal Notch
4. Stepped Notch










Theoretical discharge over Triangular Notch 
[image: ]
From the above figure 
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Actual discharge over Rectangular Notch 
	The actual coefficient of discharge (Qact) is determine experimentally and the the expression for this is 		

Where 
w = length of water collecting tank			= 600 mm
b = width of collecting tank at the bottom		= 105 mm
c = width of collecting tank at the top		= 380 mm
d = depth of tank from top to bottom			= 360 mm

Coefficient of Discharge (Cd)
	
	It is the ratio of actual discharge to theoretical discharge over the notch.

Experiment’s procedures 
1. The rectangular notch is clamped to the weir carrier by thumbnuts. 
2. The vernier hook is calibrated so that its zero starts from the edge of the notch. 
3. Several readings of time, volume and water level up stream is taken, with the flow rate increased each time. 
4. Replace the rectangular notch by the notch and repeat the procedures 2 & 3 again. 

Result Table
NOTCH ANGLE IS 900
	S.No.
	h (cm)
	Time (sec)
	Height of water rise over the notch (H) (cm)
	Theoretical Discharge (Qth) 
(m3/s) 
	Actual Discharge (Qact) (m3/s)
	Cd

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	


	Average value of coefficient of discharge (Cd) = 

NOTCH ANGLE IS 300
	S.No.
	h (cm)
	Time (sec)
	Height of water rise over the notch (H) (cm)
	Theoretical Discharge (Qth) 
(m3/s) 
	Actual Discharge (Qact) (m3/s)
	Cd

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	


Average value of coefficient of discharge (Cd) =
Sample calculation:
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Object: Experimental determination of coefficient of discharge for trapezoidal Notch.

Theory: 
[image: ]

Classification of Notches 
Notches are classified according to the shape of opening as
1. Rectangular Notch
2. Triangular Notch
3. Trapezoidal Notch
4. Stepped Notch


Theoretical discharge over Trapezoidal Notch 
[image: ]

The above figure shows the trapezoidal notch which is the combination of rectangular notch and triangular notch. As such the discharge over the notch is the sum of discharge over the rectangular notch and triangular notch. 

[image: ]
  
Actual discharge over Rectangular Notch 
	The actual coefficient of discharge (Qact) is determine experimentally and the the expression for this is 		

Where 
w = length of water collecting tank			= 600 mm
b = width of collecting tank at the bottom		= 105 mm
c = width of collecting tank at the top		= 380 mm
d = depth of tank from top to bottom			= 360 mm
Coefficient of Discharge (Cd)
	
	It is the ratio of actual discharge to theoretical discharge over the notch.







Experiment’s procedures 
1. The rectangular notch is clamped to the weir carrier by thumb nuts. 
2. The vernier hook is calibrated so that its zero starts from the edge of the notch. 
3. Several readings of time, volume and water level up stream is taken, with the flow rate increased each time. 
4. Replace the rectangular notch by the notch and repeat the procedures 2 & 3 again. 

Result Table
	S.No.
	h (cm)
	Time (sec)
	Height of water rise over the notch (H) (cm)
	Theoretical Discharge (Qth) 
(m3/s) 
	Actual Discharge (Qact) (m3/s)
	Cd

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	


	Average value of coefficient of discharge (Cd) = 
Sample calculation:
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Object: To determine the coefficient of discharge ( Cd ) for Venturimeter.

Theory: 
A Venturi meter is a tube with a constricted throat that increases velocity and decreases pressure (see Figure 1).  Venturi meters are used for measuring the flow rate of both compressible and incompressible fluids in a pipeline.  There is an example of a Venturi meter in the Houghton Wastewater Treatment Plant.
[image: ]
Figure 1. Ideal conditions for a Venturi meter

Using the continuity and energy equations between the upstream section (cross-section A) and the throat (narrowest pipe section – cross-section D) it can be shown that

Where:
	Qth  = Theoritical Discharge
	hA   = Head at upstream section
	hD   = Head at downstream section
	AA  = Pipe cross section area at upstream section (530.93 mm2)
	AD  = Pipe cross section area at downstream section (201.06 mm2)

As the value of g, AA and AD are constant we can write the above equation as 
 m3/s
Where hA and hD in mm. 

The discharge coefficient (Cd), otherwise known as the coefficient of the Venturi meter, typically has a value between 0.92 and 0.99.  The actual value is dependent on a given Venturi meter, and even then it may change with flow rate.
Actual discharge can be calculated by the equation given below.

Where 'h" is the height of water rise in m.
Coefficient of discharge  


EXPERIMENTAL PROCEDURE
 
1. Look at the schematic located on the back on the Venturi meter.  It shows the cross sectional areas and distances to each point in the Venturi meter.  Record these areas in Table 1 on the attached data sheet.

2. Turn the pump on and adjust the flow rate to a constant level using the valve on the tub.  To adjust the flow rate for the rest of the lab, use the valve located on the Venturi meter.  This will avoid introducing air into the system.
3. Set the discharge as high as possible (water in all piezometers must be readable on the each of their scales) making sure there are no air bubbles in the piezometer tubes.  Record the water heights in all of the piezometers.
4. Find the actual flow rate.
5. Readjust both valves so that a difference in water heights in cross-sections A and D is ¾ of what it was in step 3.  Record all levels and find the discharge. 
6. Repeat step 5 two more times with the difference in water levels between ½ and ¼ of what it was in step 3. 
7. For a final check, shut off the flow into the Venturi meter and make sure all of the water levels are the same.


DATA SHEET 
	Piezometer
	Diameter
(mm)
	Distance
(mm)
	Area
(mm2)
	H1
(HA-HD)
	H2
(HA-HD)
	H3
(HA-HD)
	H4
(HA-HD)

	A
	26.00
	-54
	530.93
	
	
	
	

	B
	23.20
	-34
	422.73
	
	
	
	

	C
	18.40
	-22
	265.91
	
	
	
	

	D
	16.00
	-8
	201.06
	
	
	
	

	E
	16.80
	7
	221.67
	
	
	
	

	F
	18.47
	22
	267.93
	
	
	
	

	G
	20.16
	37
	319.21
	
	
	
	

	H
	21.84
	52
	374.62
	
	
	
	

	J
	23.53
	67
	434.85
	
	
	
	

	K
	25.21
	82
	499.16
	
	
	
	

	L
	26.00
	102
	530.93
	
	
	
	



RESULT TABLE 
	H
(HA-HD) 
mm
	Level of 
water rise
(h) cm
	Time of water rise (t) Sec.
	Qact
 (m3/s)
	Qth
 (m3/s)
	Coefficient of discharge (Cd)= Qact/ Qth

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Average value of Cd = 

Graph between 		a) Qact Vs H	      
      b) Distance Vs Pressure head and velocity head (V2/2g)

Sample calculation:
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[image: ]Object: Experimental determination of friction factor “f” of circular pipe.
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GRAPHS 
1. ‘Re’ ⱴ ‘f’
1. ‘Re’ ⱴ ‘hf’
[image: http://www.viscopedia.com/fileadmin/_processed_/csm_water_fdd8ce9c56.png]
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Object: Flow meter calibration using pitot tube

Theory: The flow through the circular pipe will be viscous or laminar if the Reynolds number (Re) is less than 2000.  The fluid velocity in a pipe changes from zero at the surface because of the no-slip condition to a maximum at the pipe center. In fluid flow, it is convenient to work with an average velocity Vavg, which remains constant in incompressible flow when the cross-sectional area of the pipe is constant.








	(1)

or	.	(2)

To determine Qtheo, first, one needs to find the relationship between the velocities V1 and V2 using Bernoulli’s equation. 

.[footnoteRef:1]	(3) [1: ] 



Forandand z1 = z2  


	(4)
Knowing that V = Q/A and Q1 = Q2 = Q

	.	(5)





  and 	   
Where 
D1 = 32mm 	and  	D2 = 4mm


Actual Discharge 


Where 
w = length of water collecting tank			= 600 mm
b = width of collecting tank at the bottom		= 105 mm
c = width of collecting tank at the top		= 380 mm
d = depth of tank from top to bottom			= 360 mm

Observation Table:
	S.No.
	h (cm)
	Time (t)
sec
	
(mm)
	Theoretical Discharge (Qth) 
(m3/s) 
	Actual Discharge (Qact) (m3/s)
	Cd

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	



Result: Qact Vs Qth
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Object: Experimental determination of head due to minor losses.


Theory: 
When a fluid flows through a pipe, certain resistance is offered to the flowing fluid, which results in causing a loss of energy. The various energy losses in pipes may be classified as: (i) Major losses. (ii) Minor losses. The major loss of energy as a fluid flows through a pipe, is caused by friction. It may be computed mainly by Darcy-Weisbach equation. The loss of energy due to friction is classified as a major loss because in case of long pipelines. It is usually much more than the loss of energy incurred by other causes. The minor losses of energy are those, which are caused on account of the change in the velocity of flowing fluid (either in magnitude or direction). In case of long pipes these losses are usually quite small as compared with the loss of energy due to friction and hence these are termed ‘minor losses’ which my even be neglected without serious error. However, in short pipes these losses may sometimes outweigh the friction loss. Some of the losses of energy that may be caused due to the change of velocity are indicated below
[image: ]
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Objective: To study the Impact of Jet i.e. to verify the momentum equation

Introduction—Over the years, engineers have found many ways to utilize the impact force of fluids. For example, the Pelton wheel has been used to make flour. Further, the impulse turbine is still used in the first and also sometimes the second stage of a steam turbine. Firemen make use of the kinetic energy stored in a jet to extinguish fires in high-rise buildings. Many other applications of fluid jets can be cited which reveals their technological importance. This experiment is designed to study the force that can be imparted by a jet of fluid on a surface diverting the flow.  


Figure 1: Fluid Jet impact force to a Body by which Body Changes the Flow Direction of the Fluid

Theory: A change in momentum of an object or a fluid is always accompanied by an impulse force (impact force).

Consider a jet of fluid flowing steadily with a velocity V1 and a mass flow rate. The jet impinges on a plate inclined at an angle  to the direction of the flow. From a mass balance, the same amount of liquid impinging on the plate must also leave the plate; thus,  

	.	(1)
Force is the time derivative of momentum, mv, where m is the mass impacting on the plate and v is the velocity of impact. Thus,

	.	(2)
From a momentum balance the sum of external forces equals the change in momentum

. 


Hence, for the x-direction of the system in Figure 1,

		(3)
and in the y-direction

.	            	(4)
Moreover, since the jet is flowing freely through air, it is considered to be under constant pressure (i.e., atmospheric) at its interface with the atmosphere. Therefore, it may be assumed that the jet cross-sectional area is constant, A1 = A2. Now from Equation 1

						(5)
and since the fluid is incompressible. 

	.		(6)
Therefore, Equations 2 and 3 become[footnoteRef:2] [2:  Think about what is happening before blindly applying these equations.] 



	          .  	(7)
[image: ][image: ]





Procedure:
1. Note down the dimension as area of collecting tank, mass density of water and diameter of nozzle. 
2. The flat plate is inserted.
3. When the jet is not running, note down the reading of upper disc.
4. The water supply is admitted to the nozzle and the flow rate adjusted to its max valve.
5. As the jet strikes the vane, position of upper disc is changed. Now place the weights to bring back the upper disc to its original position.
6. The procedure is repeated for each valve of flow by reducing water supply.
7. The procedure is repeated for 4 to 5 reading

Observation: 
[image: ]
[image: ]
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Objective: To test the Pelton Turbine at different loads and spear valve settings and produce curves that show the turbine performance and the effect of different spear valve settings.

General Information 

The Pelton Turbine is a hydraulic ‘impulse’ turbine, in which one or more water jets hit ‘buckets’ on a wheel. The force produced by the jet impact at right angles to the buckets generates a torque that causes the wheel to rotate, thus producing power. The name ‘Pelton’ comes from, an American engineer who researched the best shape of the buckets needed for the turbine. Although the concept is very simple, some very large machines of high efficiency have been developed, with power outputs of more than 100 MW and efficiencies of around 95%. On a small laboratory model however, the output may be just a few Watts. The efficiency will therefore be very much smaller, because loses in bearings and by air friction are proportionally much higher than in a large, powerful turbine.
[image: ]
Fig. 1. The Pelton Turbine
See Figure 2. The turbine is a wheel with ‘buckets’ around its circumference. Water passes through a Spear Valve that controls and directs the inlet flow through a nozzle and onto the buckets due to gravity.
[image: ]
Fig. 2. The Pelton Wheel

See Figure 3. At the back of the wheel is a ‘brake’ drum that works with a cord and two spring balances to measure the torque in the turbine. The drum has a reflector and clear cover to work with an optional tachometer to measure the speed of the turbine. A small mechanical pressure gauge at the inlet of the turbine measures the inlet water pressure.
[image: ]
Fig. 3. View of Back
Technical details are given below:
[image: ]

USEFUL EQUATIONS 
[image: ]

Torque (T) 
This is the torque measured by the two spring balances. The balances measure the turning force on the drum at the back of the turbine (see Figure 4). 
[image: ]

[image: ]
Fig. 4. Torque Measurement

THE PELTON WHEEL
[image: ]
Fig. 5. Pelton Wheel layout


The Pelton Wheel needs a source of water in order to run. If the head of water is known, along with the flow rate, then it is possible to find the best size of wheel to use, how fast it should rotate to obtain the maximum efficiency, and what power it is likely to develop.  The velocity in the jet can be estimated by using the known fixed head. The diameter of the jet can then be found from the known flow rate. A suitable wheel diameter can be chosen in relation to the jet size; typically the wheel would have a diameter of 10 times that of the jet. The best speed of rotation may then be selected, such that the speed of the buckets is approximately half that of the jet speed. 

The power delivered in the jet can be calculated from the speed and cross-sectional area of the jet. The power developed by the Pelton wheel will be less than this, in the ratio of the wheel’s efficiency, which may be estimated by reference to the known performance of existing machines of comparable size and output.  Depending on the head and flow rate available, the size and speed of the Pelton wheel obtained in this way may prove to be impracticable or uneconomic. Fortunately, other types of water turbine are available to suit a wide variety of circumstances. 
The Pelton wheel is usually chosen when the available head is high, but the flow rate is comparatively low.


Force Exerted by a Jet 

Figure 6a shows a water jet emerging at speed v from a nozzle, and striking one of the buckets of the wheel, which itself is moving at speed u. The mass flow rate is and it is assumed that all of the water emerging from the nozzle strikes one or other of the set of buckets arranged around the periphery of the wheel, although, for simplicity, just one bucket is shown in the diagram.
[image: ]
Fig. 6. Water jet striking bucket
The relative velocity at which the jet impacts on the bucket is (𝑣 – 𝑢). The flow over the bucket is decelerated slightly by frictional resistance at the surface. Suppose that the relative velocity, as the water leaves the bucket, is (𝑣 – 𝑢), where k is a velocity reduction factor with a value somewhat less than unity. 

The relative velocity is inclined at the bucket exit angle 𝛽 to the jet’s direction. The absolute velocity of the water at exit is the vector sum of the relative velocity and the bucket velocity 𝑢, as shown.  The force 𝐹𝑤 generated on the bucket may be found by considering the momentum change, as shown in Figure 6b. The incoming rate of momentum flow in the direction of motion of the bucket is 𝑚̇𝑣, and the outgoing rate is:
𝑚̇[𝑢+𝑘(𝑣−𝑢)cos𝛽]
Note the positive sign before the relative velocity at exit, indicating addition of the relative and bucket velocities. Note also that 𝛽 is greater than 90°, therefore 𝑐𝑜𝑠𝛽 will be negative.

Torque Exerted on the Wheel
[image: ]
Fig. 7. Variation of torque 𝑇 with speed ratio 𝜆




The force 𝐹𝑤 produced on the bucket by the difference between these rates of momentum flow is: 𝐹𝑤=𝑚̇𝑣−𝑚̇[𝑢+𝑘(𝑣−𝑢)cos𝛽]
or 
𝐹𝑤=𝑚̇(𝑣−𝑢)(1−𝑘cos𝛽)

It is helpful to express the ratio of bucket speed 𝑢 to jet speed 𝑣 as λ:
𝜆=𝑢/𝑣
so that 
𝐹𝑤=𝑚̇(1−𝜆)(1−𝑘cos𝛽)
The torque 𝑇 exerted on the wheel is therefore: 
𝑇=𝑚̇𝑅𝑤(1−𝜆)(1−𝑘cos𝛽)
We see that for a particular wheel, supplied with water at some fixed flow rate (so that both 𝑚̇ and 𝑣 are also fixed), torque 𝑇 varies as (1 – 𝜆). The torque therefore falls linearly from a maximum when 𝜆 = 0 (i.e. when the wheel is stationary) to zero when 𝜆 = 1 (i.e. when the bucket moves at the same speed as the jet). This is referred to as the runaway condition.


POWER AND EFFICIENCY 

The power output 𝑃𝑤 developed at the wheel is given below by: 
𝑃𝑤=𝜔𝑇
and noting that: .
𝑢=𝜔𝑅𝑤
The power output may be written as: 
𝑃𝑤=𝑚̇𝑣2(1−𝜆)(1−𝑘cos𝛽)
This varies as (1−𝜆), so 𝑃𝑤 is zero when 𝜆=0, or 𝜆=1, i.e. when the wheel is either stationary or when turning at runaway speed. Between these extremes, the power varies parabolically, with a maximum when λ=1/2. The maximum value of (1−𝜆) is ¼, so the maximum power output is: 

𝑃𝑤𝑚𝑎𝑥=1/4𝑚̇𝑣2(1−𝑘cos𝛽)


Hydraulic Efficiency 
The power input 𝑃𝑖𝑛, in the form of kinetic energy in the jet, is: 
𝑃𝑖𝑛=1/2𝑚̇𝑣2
Without an accurate figure for the jet diameter, the inlet pressure (shown on a small gauge) and water flow (measured by the hydraulic bench) gives a good approximation of the inlet power from: 
𝑃𝑖𝑛=𝑄𝑣𝑝
Where 𝑄𝑣 is in m3.s-1 and the pressure is in Pascals. 

The hydraulic efficiency 𝜂ℎ, defined as the ratio of output power to input power is: 
𝜂ℎ=𝑃𝑤𝑃𝑖𝑛=2(1−𝜆)(1−𝑘cos𝛽)
with a maximum value:
𝜂𝑚𝑎𝑥=1/2(1−𝑘cos𝛽)
In terms of percentage: 
𝜂ℎ=𝑃𝑤𝑃𝑖𝑛×100


In the absence of friction, the relative speed is not reduced by passage over the bucket surface, so the value of 𝑘 would then be unity. Moreover, the lowest conceivable value of 𝑐𝑜𝑠𝛽 is –1, corresponding to 𝛽 = 180°. So the factor (1 – 𝑘𝑐𝑜𝑠𝛽) could ideally just reach the value 2. The maximum ideal efficiency, 𝜂𝑚𝑎𝑥, would then just reach 100%, all the kinetic energy in the jet being transformed into useful power output, with the water falling from the buckets with zero absolute velocity. In practice, however, surface friction over the bucket is always present, and β cannot reasonably exceed a value of about 165°, so 100% efficiency can never be achieved. 

It must be emphasised that the hydraulic efficiency used here gives the ratio of hydraulic power generated by the wheel to the power in the jet. The overall efficiency of the turbine will fall short of this hydraulic efficiency due to some loss of head in the nozzle, air resistance to the rotating turbine, and losses at the bearings. 

As shown in Figure 8, you can reasonably expect a maximum efficiency of around 60% for this small turbine. Your results should show that the turbine may not be most efficient at its maximum power position and that the spear valve position affects maximum speed, torque, power and efficiency.

[image: ]
Fig. 8. Theoretical Variation of Efficiency with speed

TEST PROCEDURE

1. Adjust the spring balances to give no load and make sure that they show 0 (zero). 
2. Fully shut the spear valve (turn it fully clockwise). 
3. Start the hydraulic bench and slowly open its control valve while opening the spear valve (turn it anticlockwise) until the bench flow is at maximum and the spear valve is fully open. 
4. Use the Hydraulic Bench to measure the initial flow for reference. Note the inlet pressure. 
5. Use the optical tachometer to measure the maximum (no-load) speed of the turbine. To do this, put the tachometer against the clear window at the back of the turbine and use it to detect the reflective sticker on the drum. 
6. Slowly increase the load in steps to give at least six sets of results. At each step, record the turbine speed and the reading of each spring balance. Stop when the speed becomes unstable or the turbine stops rotating. 
7. Repeat the test with the spear valve approximately half (50%) open and approximately quarter (25%) open. The exact amount of spear valve opening is not important, as long as long they are different from each other to compare the effect. 

	Spear Valve Setting
	Fully open
	Three-quarter Open 
	Half Open
	Quarter Open

	S.No.
	F1 
(N)
	F2
(N)
	T 
(N)
	N
(rpm)
	Pout (watt)
	Vavg
(m/s)
	Qact
(m3/s)
	

(kg/s)
	Pin
(watt)
	

(%)

	1
	
	
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	
	
	
	



Sample Calculation
1. Plot T Vs N
2. Plot Pout Vs N
3. 
 Vs N
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Objective: To test the Francis Turbine at different loads, vane angle settings, and produce curves that show the turbine performance.

General Information 

The reaction turbine consists of fixed guide vanes called stay vanes, adjustable guide vanes called wicket gates, and rotating blades called runner blades. Flow enters tangentially at high pressure, is turned toward the runner by the stay vanes as it moves along the spiral casing or volute, and then passes through the wicket gates with a large tangential velocity component. Momentum is exchanged between the fluid and the runner as the runner rotates, and there is a large pressure drop. 
Unlike the impulse turbine, the water completely fills the casing of a reaction turbine. For this reason, a reaction turbine generally produces more power than an impulse turbine of the same diameter, net head, and volume flow rate. The angle of the wicket gates is adjustable so as to control the volume flow rate through the runner. In most designs, the wicket gates can close on each other, cutting off the flow of water into the runner. At design conditions, the flow leaving the wicket gates impinges parallel to the runner blade leading edge to avoid shock losses. 

In Francis turbine, a reaction turbine, there is a drop in static pressure and a drop in velocity head during energy transfer in the runner. Only part of the total head presented to the machine is converted to velocity head before entering the runner. This is achieved in the adjustable guide vanes, shown in Fig.1.

Similarly to Pelton wheel, Francis turbine usually drives an alternator and, hence, its speed must be constant. Since the total head available is constant and dissipation of energy by throttling is undesirable, the regulation at part load is achieved by varying the guide vane angle. This is possible because there is no requirement for the speed ratio to remain constant. In Francis turbines, sudden load changes are catered for either by a bypass valve or by a surge tank.






[image: ]
Figure 1: Configuration of a Francis Turbine


Components of the Francis Turbine: 

Spiral Casing: Most of these machines have vertical shafts although some smaller machines of this type have horizontal shaft. The fluid enters from the penstock (pipeline leading to the turbine from the reservoir at high altitude) to a spiral casing which completely surrounds the runner. This casing is known as scroll casing or volute. The cross-sectional area of this casing decreases uniformly along the circumference to keep the fluid velocity constant in magnitude along its path towards the stay vane. This is so because the rate of flow along the fluid path in the volute decreases due to continuous entry of the fluid to the runner through the openings of the stay vanes. 
Stay Vanes and Wicket Gates: Water flow is directed toward the runner by the stay vanes as it moves along the spiral casing, and then it passes through the wicket gates. The basic purpose of the wicket gate is to convert a part of pressure energy of the fluid to the kinetic energy and then to direct the fluid on to the runner blades at the angle appropriate to the design. Moreover, they are pivoted and can be turned by a suitable governing mechanism to regulate the flow while the load changes. The wicket gates impart a tangential velocity and hence an angular momentum to the water before its entry to the runner. 

Runner: It is the main part of the turbine that has blades on its periphery. During operation, runner rotates and produces power. For a mixed flow type Francis Turbine, the flow in the runner is not purely radial but a combination of radial and axial. The flow is inward, i.e. from the periphery towards the centre. The main direction of flow changes as water passes through the runner and is finally turned into the axial direction while entering the draft tube. 

Draft Tube: After passing through the turbine runner, the exiting fluid still has appreciable kinetic energy. To recover some of this kinetic energy the flow enters an expanding area (diffuser) called draft tube, which slows down the flow speed, while increasing the pressure prior to discharge into the downstream water. Therefore, the primary function of the draft tube is to reduce the velocity of the discharged water to minimize the loss of kinetic energy at the outlet. This permits the turbine to be set above the tail water without any appreciable drop of available head. Moreover careful design of draft tube is vital, otherwise cavitation can occur inside the tube.









Power and Efficiency Expressions:
[image: ]Radius of runner is 40 mm.

	Vane Angle
	

	S.No.
	F1 
(N)
	F2
(N)
	T 
(N)
	N
(rpm)
	Pout (watt)

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	

	6
	
	
	
	
	

	7
	
	
	
	
	



Sample Calculation
1. Plot T Vs N
2. Plot Pout Vs N


image64.png
Observation Table :

*  For Horizontal Flat Vane :

* When jet is not running, position of upper disc =

cm

Discharge Measurement Balancing Practical % error
Force F-F
Sr. 2 x100
No. | tgat | Fnal | Time | _anz| w | ¥ | F-22
Q = a

Hi H: At At | (gm) | ) ™

cm cm Sec cm®s
01.
02.
03.
04.

0s.
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For Curved Vane :

‘When jet is not running, position of upper disc =

cm

Discharge Measurement Balancing Practical % error
Force F-F

Sr. e x100
No. | mtial | Final | Time | , 4AH| W | F | 3,0

H | B | At |8 | @ | ™ ™

cm cm Sec cm’/s a
01.
02.
03.
04.
05.





image66.png
Sample Calculation :

*  Area of nozzle = Cross sectional area of pipe =

= en?
*  Depth of water collected in tank = AH=H, - H; = = cm
*  Actual discharge = 0 = v 4s_ . o’ /sec
At At -
* Balancing weight=W = gm.
* Force=F= L x9.8l=————x981= N
. . . 2.p0%
*  Practical Force ( For Horizontal Flat Vane) = F =
a
F=— = N

2

*  Practical Force ( For Curved Vane) = F'= 2p0
a

F=e— = N
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Turbine Power

This 1s the power absorbed by the turbine wheel, taken from water,

2nNT
B, = 0 or B, =owT




image72.png
The total force is the difference between the readings. Due to the direction of rotation. the

right hand balance will give a larger reading than the left hand balance, so for simplicity:
F,=B—-A
The torque 1s the radius of the drum multiplied by the force:

T =Ry xFy
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A notch is a device used for measuring the rate of flow of a liquid through a small channel or a
tank. The notch be defined as an opening in the side of a tank or a small channel in such a way that the
liquid surface in the tank or channel is below the top edge of the opening.

A weir iis a concrete or masonary structure, placed in an open channel over which the flow occurs.
Itis generally in the form of vertical wall, with a sharp edge at the top, running all the way across the
open channel. The notch is of small size while the weir is of a bigger size. The notch is generally made
of metallic plate while weir is made of concrete or masonary structure.
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Rectangular notch and weir.
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Considering runner generates a torque of T with a rotational speed of N (rev/s). then power
obtained from the runner can be expressed as:

Power Output = (Torque)(Angular velocity)
Pour =Tw  [W]
T =Fr

o =2nN [rad/s]
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Consider a rectangular notch or weir provided in a channel carrying water as shown in Fig.
Let H = Head of water over the crest
L = Length of the notch or weir
For finding the discharge of water flowing over the weir or notch, consider an elementary horizon-
tal strip of water of thickness @k and length L at a depth h form the free surface of water as shown in
Fig.
g'I‘I\e area of strip =Lxdh

and theoretical velocity of water flowing through strip = ‘IZgh
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Consider a horizontal strip of water of thickness dh, and at a depth & from the water surface as

Water surface

T N
4 ¥
dh K] ‘;’
._L
A f °
ex o
tenotch ®

The triangular notch.
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LN=(H—h)un§

Width of strip =LM=2LN=2(H-h) tan g

[}
~ Areaofthestip =2 (H-h) tan 3 x dh
We know that theoretical velocity of water through the strip
= 2gh
. Discharge through the strip,

dQ= area of strip x theoretical velocity

= Z(Hfh)lan%xdhx,lgh
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The total discharge, over the whole notch, may be found out by integrating the above equation,
within the limits 0 and H.

]
o=[  aH-mun3xEgh-an
=2123un3f(u—h)ﬁ-dh

2
) _
=2‘/Zgun3‘cl[ﬁh”—h”]dh

O{H_hm e

=2 flgun? Wh
e | S
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The trapezoidal notch.
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The discharge through the rectangular portion BCFE is

Q,:%LJZ_gHm

‘The discharge through two triangular notches ABE and FCD is equal to the discharge through a
single triangular notch of angle 6

Q,——J_nn XHS,Z

. Discharge throngh trapezoidal nmch or weir ABCDA,
0=0,+0,

:%LJZ?H”*'—\/—'AH st/z
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Apparatus : U — tube manometer connected across a pipe line, Stop Watch, Collecting tank etc.
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Formula:  Head loss due to friction in pipe
af1v? FIV?
or hr=—
2gd 2gd
‘Where :
iction factor = (4)
ngth of pipe
V = Velocity of flow through pipe.
d= Diameter of pipe.

&= Acceleration due to gravity.
£ = Coeff. of friction

o=

Theory: The experimental set up consists of a large number of pipes of different
diameters. The pipes have tapping at certain distance so thata U~ Tube  manometer
s connected in between them.

‘The flow of water through a pipeline is regulated by operating a control valve which s
provided in main supply line, for measuring the head loss. The length of the  pipe  is
considered as a distance between the two pressure tapping, to  which a U — Tube mercury
manometer is fitted.
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.. Velocity of flow =V = £ _(LH)
a

a

Where :

A = Area of tank.

H = Depth of water collected in tank.

t = Time required to collect the water up to a height “H” in the tank.
a = Area of pipe.

Q = Discharge through pipe.
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Now applying Bernoulli’s equation between two pressure tapping, we have

P, P,

A

w w

2, By
Pyw-& Puw-&

PAiPB:h(

+z= +(:—hm)+h""p""g

w

hyPug
P,

P 1]
Py

W=p,g
_ZpPng
-8
Z-h
P
Pu

* W = Weight of water

-8




image19.png
PP
hf:hm(&—lj b=t
P

Procedure :

* Note down the diameter of pipe (d).
* Note the density of manometric liquid ( p,,) and that of fluid (water) flowing
through a pipe i.e. (o, ).

Connect the U — tube manometer to the pipe in between two pressure
tappings.

Start the flow and adjust the control valve in pipe line for required discharge.
Measure the pressure difference at two points A & B of a pipe by means of a
U- tube manometer.

By collecting the water in collecting tank for a particular period of time.

*  Determine the velocity of flow (V) and frictional head loss (hf) by using
appropriate equations.

*  Determine the friction factor (f) in pipe by using Darcy — Weisbach formula.
Change the flow rate by adjusting the control valve & repeat the process for at
least five times.

* Find out the mean friction factor (f) mean of the pipe.

* Plot a graph of velocity of flow (V) on y — axis verses frictional head loss (hf)
on x — axis which shows a straight line.

* %

*

*
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Observation :
1 =Length of Pipe =_ 0254 m
d=Dia of Pipe = 3mm )
A = Area of collecting tank = _7:06 _mnr
p,, = Density of mercury = 13600 kg / m’®

p,, = Density of water = 1000 kg /m?
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Observation Table :

Sr. Manon.lenc Frictional Head Tank Reading Actual .
No. Readin, . Velocity|
: Loss .y Discharge
Righ | . Initia . Time of |Frictiop
Left Diff. . Diff
: t 1 Finall t Flow
Lim . (hs - . . H>-
Lim heigh| heigh Factor
b hy) P H,; AH
b by =y, =~ t Qo =—— Qu finean
| V== npm
Hy | Hy | hy P a
m m m
H H, H
Meter m m m Sec m’/sec sec
01.
02.
03.
04.
05.





image22.png
=hp.gad.
* Coeff. of friction=f= ——-—=
417




image23.png
Sample Calculation :

For Reading No. «.cooeerereneenncs

13600 |\
hy=————o—+-1|= m
1000 -

*  Actual Discharge= 0, =~ =

0, = m’ / Sec

O _

a

*  Velocity of flow = 7
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(a) Loss of energy due to sudden enlargement.

= v, -V,)
L = 2
2

(b) Loss of energy due to sudden contraction

2
b= 0375
2g

(c) Loss of energy at 90° Elbow

2
b= 075
2g

(d) Loss of energy at 90° Bend

2
b= 045
2g
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(a) 90° bend

A,

() Sudden contraction

Flow in a bend, sudden enlargement and sudden contraction
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Table of calculations:

Difference in
Mercury level
H=

hy | hy | hehy
inm

Rise of
water
inm

Time
taken
in sec

Discharge

Q
(m’fs)

Velocity
v
(m/s)

Loss of head
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Procedure:
1. Switch on the pump and open the delivery valve.
2. Open the corresponding ball valve of pipe under consideration.
3. Keep the ball valves of other pipelines closed.
4. Note down the differential head readings in the manometer.(expel if any air is present by
opening the drain cocks provided to the manometer).
Close the butterfly valve and note down the time taken for known water level rise.
Change the flow rate and take the corresponding reading

v
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Diameter of nozzle=d=10mm =0.0lm
Mass density of water = p = 1000 kg / mr*.
Area of collecting tank = A= X = cm?®

(af
4

Area of nozzle = Cross sectional area of pipe = a =

a




image2.png
amaiall a4

College of Engineering




image3.jpeg
-

a<=020]l A<= ol

Majmaah Unlver51ty





