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Lab Safety Instructions and Rules
General Behavior
· Never work in the laboratory alone, always have another qualified person in the area do not use any equipment unless you are trained and approved as a user by your instructor or staff. Ask questions if you are unsure of how to operate something.
· Perform only those experiments authorized by the instructor. Never do anything in the laboratory that is not called for in the laboratory procedures or by your instructor. Carefully follow all instructions, both written and oral. Unauthorized experiments are prohibited.
· Don't eat, drink, or smoke, in the laboratory
· Please don’t yell, scream, or make any sudden loud noises that could startle others who are concentrating on their work.
· When you are done with your experiment or project, all components must be dismantled and returned to proper locations.
· When operating high noise machines put on ear protection, those are available in the lab and will be given by the instructor.
· Shoes must completely cover the foot. No sandals are allowed.
· Dress properly during all laboratory activities. Long hair, dangling jewelry, and loose or baggy clothing are a hazard in the laboratory. Long hair must be tied back and dangling jewelry and loose or baggy clothing must be secured.
· Keep aisles clear and maintain unobstructed access to all exits, fire extinguishers, electrical panels, and eyewashes.


First Aid & fire
· First aid equipment is available in the lab, ask your instructor about the nearest kit.
· Fire extinguisher are available in the lab, ask your instructor about the nearest one to your lab.
Poisons
· Certain liquids used in our apparatus, for example refrigerants, manometer fluids, and mercury, are poisonous or can give off poisonous vapors.
· Avoid contact with such liquids, clean up any that is spilled and perform operations such as the filling of manometer in well ventilated conditions.
Electricity
· Do not handle electrical equipment while wearing damp clothing (particularly wet shoes) or while skin surfaces are damp.
· Never bend or kink the power cord on an instrument, as this can crack the insulation, thereby introducing the danger of electrical shocks or burns.
· Know where the stop button, main switch or other device for stopping the apparatus is located
Machines and moving parts
· In order to avoid the possibility of injuries, it is important that the students be aware of their surroundings and pay attention to all instructions.
· Deal with caution with rotating machines, fans pumps compressors, motors etc. don’t touch any of the rotating parts; shafts, or blades.
· Read and understand operation instructions before turning on the machines, do not turn machine till you instructed by the instructor or the technician.


High pressure cylinders
· Deal with caution with high pressure cylinders and systems.
· Turn such cylinders off after finishing the experiment.
· Close LPG cylinders safely after completing your experiment.
Hot surfaces and burns
· Do not touch hot surfaces; hot plates boilers, heating elements machines etc.
High flow streams
· When using compressed air, use only approved nozzles and never direct the air towards any person.
· Exercise care when working with or near hydraulically- or pneumatically-driven equipment.


Fluid flow measuring devices
Flow measuring units 
Flow is measured on volumetric basis or weight basis. Flow volume is measured in cubic meters and flow mass is in kilograms. The flow rate measurement is defined as cubic meters per time or kilograms per time.
Fluids are classified into two types: incompressible and compressible. Fluids in liquid phase are incompressible whereas fluids in gaseous phase are compressible. Liquids occupy the same volume at different pressures. However, gases occupy different volumes at different pressures.
Measuring fluids flow rate 
Flow rate measurement requires a container to capture the entire flow, a scale to measure the volume or mass of flow of the captured fluid, and a stopwatch to measure the time it takes to capture a quantity (volume or mass) of fluid.
The method is quiet simple. If in a given time  in , the conduit issues a quantity of fluid having a volume  in m3 (mass m in kg) into the container, and if the flow is steady, then the volume flow rate  is calculated as volume flow,  divided by time, .
	
	
	(1)



The mass flow rate  is calculated using:
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Hydraulic bench 
A hydraulic bench is a useful apparatus in fluid mechanics. It consists of a molded plastic sump tank which supports Glass-fiber Reinforced Polyester. The hydraulics bench unit provides the basic services for the pumping and volumetric measurement of the water supply in a certain period of time. A centrifugal pump discharges water from the sump tank and delivers to a top measuring tank, then water drains and return to sump tank through flow channel and control valve. Flow control valve and by-pass valve are fitted in water line to conduct the experiment on different flow rates. Flow rate of water is measured with the help of measuring tank and stop watch. A dump valve in the base of the measuring tank is operated by a remote actuator. Lifting the actuator opens the dump valve allowing the water to return to the sump for recycling.
[image: ]
Figure 1: Hydraulic bench connected with measuring apparatus.


Parts of the hydraulic bench 
Centrifugal pump: It draws water from sump tank and supplies it for performing experiments.
Sump Tank: It stores the water. It is located in the bottom portion of the hydraulic bench. 
Vertical pipe: It supplies water to the upper part of hydraulic bench from sump
tank through a pump.
Control valve: It is used to regulate the flow in the pipe.
Connecter: It is used to attach accessories with the hydraulic bench. Special purpose terminations may be connected to the pump supply by unscrewing the connecter. It is located in the channel.
Channel: It is used in number of experiments It provides passage for water.
Drain valve: It is used for emptying the sump tank.
Side channels: They are the upper sides of the channel. They are used to attach accessories.
Volumetric tank: It stores water coming from channel. This tank is stepped to accommodate low or high flow rates. 
Stilling baffle: It decreases the turbulence of water coming from channel. It is located in the volumetric tank.
Scale & Tapping: A sight tube and scale is connected to a tapping in the base of the volumetric tank and gives an instantaneous indication of water level.
Dump valve: It is used for emptying volumetric tank. It is located in the bottom of the volumetric tank.
Actuator: Dump valve is operated by a remote actuator, lifting actuator opens the dump valve.
Over flow: It is an opening in the upper portion of the volumetric tank.
Measuring cylinder: A measuring cylinder is provided for measuring of very small flow rate. The cylinder is stored in the compartment housing the pump.
Starter: It turns the hydraulic bench on and off.
Bernoulli’s equation
Bernoulli’s Equation for an incompressible, frictionless flow is:
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Where:
: The stream velocity [m/s].
: The acceleration due to gravity [m2/s]. 
: Flow pressure [kPa].
 Fluid elevation above the datum level [m]. 
: The total head [m].
Bernoulli’s Equation can be used for two points, Point 1 as the position of upstream tap and point 2 for downstream is:
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As shown in figure 1:
· The term  is referred to as the Dynamic Head (also known as Kinetic or Velocity Head), represents the kinetic energy of fluid per 1 kg.
· The term  is the Pressure Head which represents the energy per 1 kg of fluid required to raise the pressure by an amount equal to P. The term  is the gravity force or the weight per unit volume ().
· The term  is the fluid elevation above the datum level and represents the potential energy of the fluid per 1 kg measured from this datum.
· The term  is the Total Head.
· The term  is the piezometric head or the Static Head. 
· Bernoulli’s equation can be re-written in the form shown in eqn.5:
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[image: ]
Figure 2: Total head, piezometric head and velocity head.
Continuity equation 
The continuity equation states that the rate at which mass enters a system is equal to the rate at which mass leaves the system plus the accumulation of mass within the system.
[image: Continuity for Fluids]
Figure 3: Continuity equation principle.
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Where:
: The cross sectional area [m2].
: The flow velocity in [m/s].
Flow meters 
A flow meter is a device that measures the rate of flow or quantity of a moving fluid in an open or closed conduit. 
Flow meters are classified into three groups. These are:
1. Differential pressure flow meters: Differential pressure flow meters use the Bernoulli Equation. They report the difference between a primary and secondary measurement, where the first measurement causes a change in kinetic energy by directing the air through a hole in the flow meter measured by the second element. Differential pressure flow meters’ types are orifice plates, flow nozzles, Venturi flow meters, and rotameters.
2. Velocity flow meters: Velocity flow meters calculate flow speed. They produce a reading by measuring the depth and average air velocity of the flow. Velocity flow meters have a greater range than differential pressure devices. Types of velocity flow meters are pilot tube, calorimetric, turbine, and electromagnetic.
3. Positive displacement flow meters 
Positive displacement flow meters, or PD flow meters, measure viscous liquid flow using rotors as sensors. Airflow is displaced by vanes, gears, pistons, or diaphragms. Rotation of the rotors is related to the volume of the flow.
4. Mass flow meters
A mass flow meter measures the volumetric flow rate by dividing the mass flow rate by the density of the fluid. It uses Coriolis Effect, which is an inertial force that acts on objects in motion within a reference point.
5. Open channel flow meters
Open Channel flow meters’ measure level, flow rate and total volume of water flowing through weirs, flumes, channels and partially filled pipes. 
Pitot Tube
The Pitot static tube system is an ingenious device used by airplanes and boats for measuring forward speed. The device is a differential pressure gauge.
[image: 47 Pitot Tube Stock Photos, Pictures &amp; Royalty-Free Images - iStock]
Figure 4:  Pitot tube mounted on an air plane.

The Pitot tube measures the fluid velocity by converting the kinetic energy of the flow into potential energy, which takes place at the stagnation point, located at the Pitot tube entrance (figure 5). The velocity of fluid at the entrance point will be zero.
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Where:
 The total head [m].
: The static head [m].
Knowing that the total pressure  and static pressure :
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Or:
	
	
	(9)




[image: 1. Pitot-Static tube working principle | Download Scientific Diagram]
Figure 5:  Cross-section of a Typical Pitot Static Tube.

Manometers
 	A manometer measures the difference in air or liquid pressure by comparing it to an outside source, usually a sample of earth's atmosphere. There are several types of manometers, the simplest being a piezometer tube, which is a single tube and a base that holds the liquid. More common manometers are U-shaped and have interconnected tubes. The multi-tube manometer consists of 16 manometers with a mm scale mounted, while water is supplied to the manometers centrally from a water reservoir.
Manometers are used in atmospheric surveys, weather studies, gas analyses and research of the atmospheres of other planets. They are usually made of glass or plastic.

1. U Tube Manometer
It consists of a clear glass or plastic tube shaped into the form of a 'U'. The tube is partially filled with a liquid, such as water, alcohol, or mercury (no longer used). The lower the density of the liquid, the higher the sensitivity of the manometer. The liquid placed in the tube is subjected to pressure on both sides. Both ends of the tube are open, and atmospheric pressure acts equally on the liquid through each end. Therefore, the height of the liquid on each side of the U (in each limb) is equal.
The gas under pressure  is connected to the left side of the U. Liquids are incompressible, this means that liquid added pushes the liquid down on that limb and forces the liquid up to the other side. Hence, the height of the liquid on either side of the tube is no longer equal. The difference between the height of the liquid in each limb, , is proportional to the difference between the unknown pressure and atmospheric pressure.

In a U tube manometer, the difference between the unknown pressure and atmospheric pressure is the gauge pressure. Therefore:
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[image: U-tube Manometer Principle - Inst Tools]
Figure 6:  U – Tube manometer.

 by is calculated by rearranging the equation as shown below:
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The U-tube manometer is widely used in industry, although it is sometimes used to calibrate other instruments. It is mainly used in laboratories for experimental work and demonstration purposes. It can be used to measure the pressure of flowing liquids as well as gases, but cannot be used remotely. If pressures fluctuate rapidly its response may be poor and reading difficult. It can be connected to a venturi meter or an orifice meter for head readings 
[image: Pipes - Fluid Mechanics - Engineering Numerical Components in C and C++]
Figure 7:  U – Tube manometer connected to a venturi meter.
[image: A schematic diagram of orifice meter. | Download Scientific Diagram]
Figure 8:  U – Tube manometer connected to an orifice meter.
2. Multi – Tube Manometer
A multi-tube manometer consists of 8-16 manometers with a mm scale mounted on a swiveling panel. The panel can be positioned at three inclinations. This permits the units to be used as inclined-tube manometers to measure very small pressure differences. Water is supplied to the manometers centrally from a water reservoir. 

[image: MULTITUBE MANOMETER | PA Hilton]
Figure 9:  Multi tube manometer.

Rotameter 
The rotameter is an industrial flow meter used to measure the flow rate of liquids or gases. It consists of a vertical tapered tube and float.
The rotameter's operation is based on the variable area principle: fluid flow raises a float in a tapered tube, increasing the area for passage of the fluid. The greater the flow, the higher the float is raised. The height of the float is directly proportional to the flowrate. The float moves up or down in the tube in proportion to the fluid flowrate and the annular area between the float and the tube wall. The float reaches a stable position in the tube when the upward force exerted by the flowing fluid equals the downward gravitational force exerted by the weight of the float. A change in flowrate upsets this balance of forces. The float then moves up or down, changing the annular area until it again reaches a position where the forces are in equilibrium.
[image: Rota Meter - Pharmacy Gyan Working Construction]
Figure 10:  Rotameter schematic.

Turbine flow meters 
Turbine type flowmeter is a simple way for measuring flow velocity. Turbine flow meters are used for the measurement of natural gas and liquid flow. A rotating shaft with angular blades is placed inside the flow pipe as shown in figure 11.
[image: Explain about Turbine flow meter? - Instrumentation - Engineers Community]
Figure 11:  Turbine flow meter schematic.

The flowing fluid impinges on the turbine blades, imparting a force to the blade surface and setting the rotor in motion. The flowing fluid will cause rotation of the turbine whose speed of rotation can be a measure of the flow rate. When a steady rotation speed has been reached, the speed is proportional to fluid velocity. The volumetric flow rate,  can be related with the angular speed, as:
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Open channel flowmeters 
Open channel flow occurs with a free surface open to the atmosphere, thus meters using change in pressure cannot be used. For open channel flow measurement, a change in depth of flow at some point is typically measured and correlated with water flow rate. The most common methods of measuring open channel flow rate are with a weir or a flume.
A weir is a small dam or barrier that is built across a river or stream to raise the water level, divert the water, or control its discharge. The weir will cause an increase in the water depth as the water flows over the weir. In general, the greater the flow rate, the greater will be the increase in depth of flow. The height of water above the top of the weir is the measurement usually used to correlate with flow rate. The latter may be computed from a formula expressing the discharge in terms of crest length of the weir, depth of flow above the weir, weir geometry, and other factors.



[image: Nivoson – Open Channel Flow Transmitter]
Figure 12:  Water flow over a weir in an open channel.

Types of weirs 
1. Sharp crested weir: It is a weir with a sharp upstream corner or edge such that the water springs clear of the crest. There are four types of these weirs:  rectangular weirs, triangular or V-notch weirs, trapezoidal weirs, and parabolic weirs.
2. Non – Sharp crested weir: It is classified based on the shape of its cross section such as broad-crested weirs, triangular weirs, and trapezoidal weirs.

Applying Bernoulli’s equation along a streamline between a point upstream the weir (where the velocity head is neglected) and a point in the plane of the weir, where the velocity  is:
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Where: 
 It is the elevation of the streamline below the free surface [m]. 

Assuming that the velocity is constant throughout the cross-section of the weir, the discharge flow rate  is:
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Where:
 The cross-section of the weir [m2].
: The width of the weir at elevation  [m].
Thus, the general expression for the weir head-discharge relationship is:
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Where:
: The flow coefficient [-]. 
 An exponent [-]. 

Both  and  are dependent on the shape of the weir (e.g., rectangular, triangular, trapezoidal or parabolic) and flow conditions (velocity distribution in the approach section, fluid viscosity, surface-tension effects, contraction coefficient).


Experiment No. (1)
Center of Pressure

1. Introduction 
Overview
Resting or slowly moving water exerts a hydrostatic force (pressure) on walls (dams, gates, …). This force changes with the submersion of the plane. 
Description of apparatus
[image: ]
Figure 1.1: Center of pressure apparatus.

The apparatus consists of a quadrant-shaped tank that holds a variable water height and pivots on a smooth bar. Weights are applied on the opposite side of the pivot to balance out the moment. These weights are used to calculate the moment on the plane surface; this moment equals and opposes the moment caused by the fluid pressure on the quadrant. The linear scale on the tank allows measurement of the water height in the tank
2. Theory
Definitions
· Center of pressure: The point in a plane at which the total fluid thrust can be said to be acting normal to that plane. 
· Hydrostatic pressure: It is the pressure present within a resting fluid. It acts equally in all directions.
Principles 
As shown in figure 1.2, the hydrostatic pressure exerted by a liquid of density  or at depth  below the surface due to gravity is:
	
	
	(1)


[image: ]
Figure 1.2: hydrostatic pressure principle.


This pressure is gauge pressure; the absolute pressure is:
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Calculations 
The element  at depth  is subjected to a hydrostatic pressure caused by the water:
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Where:
 The total pressure acting on the element (pressure of the water added and the atmospheric pressure) [kPa].
  The atmospheric pressure [kPa]. 

The force acting on the element by the water pressure is:
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Where: 
 is the element area [m2]. 

Knowing that the tank has a depth of  mm and height of  mm and from figure 1.3, eqn. 4 becomes:
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Where: 
 Tilting angle [Degrees]. 
 Specific weight, which equals   [N/m3].
 Water depth [mm].
 The depth at which the element  [mm]. 
The moment caused by this force is:
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The moment caused by this force also is:
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The moment caused by the weights added on the arm is:
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Where: 
: The weight of the weights added to the arm [kg]. 
 The arm radius [mm].

The summation of moments about point O is given by:
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[image: ]
Figure 1.3: Schematic of the center of pressure apparatus.
Substituting eqn.6 and eqn.8 in eqn. 9 leads to:
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When integrating eqn. 6, two cases are taken into consideration:
1. Fully submerged ()
When the plane is fully submerged, the total area of the plane is covered with water, and the moment applied should be inversely proportional to the water height. This moment is given by:
	
	
	(11)


2. Partially submerged plan ()
When the plane is partially submerged, a part of the plane area is covered with water and the moment applied is not proportional to the water height. The moment, in this case, is given by:
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3. Experimental Procedure
Part 1: θ = 0o: 
1. Unlock the two knurled screws on the top of the quadrant assembly with the locking pin in its place.
2. Adjust the 0o on the side protractor and securely lock the two knurled screws.
3. To balance the quadrant: Remove the weight hanger and carefully adjust the jockey weight on the weight arm until it just “floats” of its contact with the grub screw.
4. Remove the pin.
5. Place the weight hanger (50g) in position at the end of the arm.
6. Pour water into the quadrant until the balance is restored (i.e, original place 0o).
7. Record the water depth  in mm (from the horizontal 0 to the water surface).
8. Add weights in increments (as shown in the datasheet), recording hmm each time.
Part 2: θ = 20o: 
1. Repeat steps 1 and 2 in part 1.
2. To balance the quadrant: place the weight hanger + 40g, adjust the jockey weight until the pin “floats” of its contact with the grub screw.
3. Remove the pin.
4. Add 20 g and pour water, record the value of .
5. Add weights in increments (as shown in the datasheet), recording each time.


Data Given
	Parameter
	Value (mm)

	R1
	100

	R2
	200

	B
	75

	Arm Radius (R3)
	250




4. 	Analysis 

1. Calculate  using eqn.8.
2. Plot  against  for the fully submerged plane and comment on the graph. Find the slope of the best fitting curve and calculate . 
3. Plot  against  for the partially submerged plane and fit the data to quadratic equation, from the equation constants calcaluate .
4. Calculate average , and compare with theoretical value.
5. For a value of chosen by the instructor, find the point of action of the pressure force on the plane surface and check its moment about O with the moment of weights on the hanger.
	Weight (g)
	h (mm)

	50
	

	70
	

	90
	

	110
	

	130
	

	150
	

	180
	

	200
	

	250
	

	270
	

	290
	

	310
	

	330
	

	350
	

	380
	

	400
	


	Weight (g)
	h (mm)

	50
	

	70
	

	90
	

	110
	

	130
	

	150
	

	180
	

	200
	

	250
	

	270
	

	290
	

	310
	

	330
	

	350
	

	380
	

	400
	


5. Datasheet






1. IntroductionExperiment No. (2)
The Stability of a Floating Body

Overview 
In marine vessels, whether the equilibrium is stable, unstable or neutral, is determined by the position of the center of gravity.
Description of Apparatus
[image: ]
Figure 2.1: Stability of a Floating Body



In figure 2.1 a pontoon of rectangular shape and a single mast floats in water. A plump-bob is suspended from the top of the mast so that the angular displacement can be read off a scale marked in degrees. An adjustable weight slides vertically to change the center of gravity of the whole assembly. A jockey weight slides along a bar parallel to the base of the pontoon to give an angular displacement.
Theory 
Definitions
· Buoyancy force: It is the upward force exerted on objects submerged in fluids.
· Buoyancy Center: It is the point at which the buoyancy force acts.
· Metacenter: It is the point at which the lines of buoyant force intersect as the floating body is inclined. 

Principles 
Figure 2.2 shows the rectangular pontoon floats in equilibrium under two balancing forces. Its weight vertically downwards through its center of gravity (G) and the buoyancy force upwards through the center of buoyancy (B).
[image: ]
Figure 2.2: Diagram showing the Calculated dimensions

Consider a small angular displacement as seen in figure 2.3; point B is shifted to point B1. The extension of the line of action of the buoyancy force intersects the extension of BG at M, the meta center.

[image: ]
Figure 2.3: Angular displacement effects on a ship.



There are three cases of equilibrium:
1. The case of stable equilibrium that occurs when the forces acting through G and B1 provide a restoring couple.
2. The case of unstable equilibrium that occurs when M is below G which would cause the couple to increase the angular displacement.
3. The neutral equilibrium that results when M and G coincide.
Calculations
[image: ]
Figure 2.4: Derivation of stability of floating bodies

If the jockey weight w is moved a distance δx1 from its central position, and the total weight is W, then the center of gravity of the whole body moves in a direction parallel to the base a distance GG1 and it is calculated by Eqn.2 as follows:

	
	
	(1)





If this movement produced a new equilibrium position, then it can be calculated from the geometry of figure 2.4:

	
	
	(2)


Where:
 The distance between the center of gravity and the metacenter [m].
 : Change in the angle of tilt [Degrees]. 

Substitute in Eqn.3 the term GG1 given in Eqn.2:
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Or

	
	
	(4)



Theoretically, the distance between the buoyancy center and the metacenter (BM) can be calculated by referring to figure 2.4. The restoring moment is produced by additional buoyancy represented by triangle (AA1C) to one side and reduced buoyancy represented by triangle (FF1C) to the other.
The shaded element has a volume:
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The weight of the liquid displaced by this element:
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Where:
: The specific weight [N/m3].
 The area of the element of the pontoon base [m2]

The moment of this elemental buoyancy force about B:
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The total restoring moment about B is given by:
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Or
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Where:
: The second-moment area about the XX  [mm4].  

Also, if  is the total displaced volume, then the total restoring moment is: 

	
	
	(10)


Where:
 The distance between the bouncy center before the tilting and the bouncy center after the tilting [m].

Substituting MTotal gives:


	
	
	(11)



Also, from geometry:

	
	
	(12)




Solving eqn.12 & 13:
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Where:
 The volume of the pontoon [m3].

(I) can be calculated using:
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Knowing that:

	
	
	(15)


Where:
: The pontoon's length [m].



Eqn.15 becomes:
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Where:
: The pontoon's depth [m].

Also, The depth of immersion of pontoon H:

	
	
	(17)


Depth of center of buoyancy:

	
	
	(18)



To find the metacentric height 
Theoretically:

	
	
	(19)



Experimentally:

	
	
	(20)


Where  can be calculated by Equ.22 as follows:
	
	
	(21)





Experimental Procedure
1. The height of the center of gravity of the pontoon above its base is measured by up-ending it (ask your instructor how is this done) and supporting it at the stem on the edge of a steel rule. 
The point of balance is marked  and the height of the adjustable weight above the base is measured  taking the thickness of the sheet metal bottom into consideration (2 mm). These measured values are used to find the constant A to find the height of G for any other position of the adjustable weight using the below equation:
	
	
	(22)


Where,
: The height of G above the base [m].
: The height of adjustable weight above the base [m].
A: The constant to be determined from the first measurement.
2. Float the pontoon in water. Move the jockey weight from its central position to both sides in steps of 1.5 cm (each step is 1.5 cm) and measure the tilt angle in degrees.
3. Change the position of the adjustable weight  for five times and measure the angle of tilt (degrees) for the different positions of the jockey weight in each case.




Data Given
	Total weight of assembly (kg)
	2.821

	Jockey weight (kg)
	0.391

	Breadth of pontoon (mm)
	201.8

	Length of pontoon (mm)
	360.1

	Approximate sin(θ) (rad)
	θ

	cos(θ
	1
















Analysis 
1. Show the variation of the tilt angle against the jockey weight position for each position of the adjustable weight.
2. Show the gradient of stability line mm/radians against the height of G above water surface CG. Extrapolate from the graph the meta-centric height, which leads to Instability. (The angles measured are in degrees, and you should convert them into radians since all the equations above require the angles to be in radians)
3. Compare the value of CM obtained from the experiment with the theoretical one (comment). Does it change through the experiment?
4. Include in your tables the change in GM and CG with the height of the adjustable weight.
5. How would the pontoon's stability be affected if it were floated on a liquid with a density greater than that of water?
6. Fill the table below
	Height of adjustable weight
y1 (mm)
	Height of G above the water surface
 CG (mm)
	
(mm/radians)
	Metacentric height
 GM (mm)
	Height of M above water surface
 CM (mm)

	105
	
	
	
	

	165
	
	
	
	

	225
	
	
	
	

	285
	
	
	
	

	345
	
	
	
	





Datasheet
 = 	 (mm)  
   = 	 (mm)

	
	Position of Jockey weight, x1 (mm)

	y1 (mm)
	-75
	-60
	-45
	-30
	-15
	0
	15
	30
	45
	60
	75

	105
	
	
	
	
	
	
	
	
	
	
	

	165
	
	
	
	
	
	
	
	
	
	
	

	225
	
	
	
	
	
	
	
	
	
	
	

	285
	
	
	
	
	
	
	
	
	
	
	

	345
	
	
	
	
	
	
	
	
	
	
	

	
	Angle of Tilt, θ degrees




 


Experiment No. (3)
Flow Through a Venturi-Meter

1. Introduction 
Overview
A Venturi meter is a device used to measure liquids’ flow rate in pipes by changing the area gradually, causing velocity and pressure to change.
Description of apparatus
The Venturi-meter is a convergent-divergent pipe. Piezometer tubes are drilled into the wall at a number of points along the passage. At each point, a manometer tube is connected and attached to scale in millimeters. The tubes are connected at their tops to a main manifold in which the amount of air can be controlled by an air valve as shown in figure 3.1.
[image: ][image: ]

.









Figure 3.1: Discharge Through a Venturi-Meter apparatus.
8. Theory
Definitions
· Piezometer: It is a manometer-type device used to measure liquid static pressure in a system by measuring the height to which a column of the liquid rises against gravity (it gives pressure head readings).
· Incompressible fluid: It is the fluid in which the density remains constant for
isothermal pressure changes (Liquids are always considered to be incompressible).
· Hydraulic Bench: It is a self-contained water supply device that allows recirculating water from a Sump Tank into different hydraulic devices.
· Vena contracta: It is the minimum jet area in which the fluid has the highest velocity 
Principles 
[image: ]
Figure 3.2: Illustration of venturi meter

In figure 3.2 it is shown that the Venturi meter consists of three regions:
1. 
1. Converging cone.
2. Throat Diameter.
3. Diverging cone.
Calculations 
The working principle of the venturi meter is based on two main equations:
· 
· Bernoulli’s Equation 
· The Continuity Equation. 
According to Bernoulli`s equation (eqn.1) and the continuity equation (eqn.2), the velocity is maximum at the throat of the venturi-meter, at which the diameter is minimum. This section is known to be the vena contracta zone. A minimum head accompanies this. 
In figure 3.3, the entry section is denoted by (1) and the throat by (2) and any arbitrary section by (n). The flowing fluid is assumed to be incompressible.
[image: ]
Figure 3.3: Principle of Venturi-Meter.

Bernoulli Equation applies as follows:

	
	
	(1)

	

	
	


Where:
h1: Water head at venturi inlet (maximum pressure) [m].
h2: Water head at the throat of the venturi [m].
hn: Water head at an arbitrary section of the venturi [m].
u1: Velocity of the fluid at venturi inlet [m/s].
u2: Velocity of the fluid at venturi throat [m/s].
un: Velocity of the fluid at an arbitrary venturi section [m/s].
g: Acceleration due to gravity which equals 9.81 [m/s2].

The Continuity Equation applies as follows:

	
	
	(2)


Where:
a1: Cross-section area of venturi inlet [m2].
a2: Cross-section area of venturi throat [m2].
Q: Water discharge [m3/s].

Solving Eqns 1 & 2 for u2 and Q leads to: 
	
	
	(3)



And
	
	
	(4)



Notice that the value of Q calculated in Eqn.4 is the ideal value. However, practically some energy loss must happen, so Eqn.4 is rewritten in terms of the venturi-meter coefficient (C) as follows:
	
	
	(5)



The ideal pressure distribution is given from Eqn.1 as follows:

	
	
	(6)



To compare experimental results with calculations, it’s convenient to express 
 as a fraction of the kinetic head at the throat. Using Eqn.2 as follows:

	
	
	(7)



















9. Experimental Procedure
1. Switch on the Hydraulic Bench.
2. Adjust the bench valve on the hydraulic bench and the control valve on the venturi-meter so that head pressure on the inlet section of the venturi-meter hA (1) reads maximum pressure and the head pressure on the throat section of the venturi-meter hD (2) reads minimum pressure.
3. To measure the mass flow rate (in kg/s), collect the water in the weigh tank of the hydraulic bench and the time needed to raise the weigh arm (Note that the weigh arm ratio is 3:1). This is done by adding weights on the hanger and measuring time using a stopwatch.
4. Remove the weights from the hanger to empty the weigh tank.
5. By gradually adjusting both the bench supply valve and the control valve, measurements of a series of values of  (1) (mm),  (2) (mm), and time (sec) may be taken (10 times).
6. Reading all the piezometer tubes at two of the flow rate settings, the pressure distribution along the length of the venturi-meter may be recorded.
7. These readings are to be compared with calculated values.









Data Given
	Piezometer Tube
No. (n)
	Diameter of cross section dn (mm)
	Cross-Sectional area
an (mm2)

	A (1)
	26.00
	530.9

	B
	23.20
	422.7

	C
	18.40
	265.9

	D (2)
	16.00
	201.1

	E
	16.80
	221.7

	F
	18.47
	268.0

	G
	20.16
	318.8

	H
	21.84
	375.0

	J
	23.53
	435.0

	K
	25.24
	500.8

	L
	26.00
	530.9



[image: ]	
Figure 3.4: Dimension of the Venturi-Meter.


10. Analysis 

1. Find the variation of   against Q. Find the mean value for the meter coefficient (C) from the graph.
2. Plot the meter coefficient (C) change against discharge (Q).
3. Compare (with a graph), the experimental pressure distribution  with the ideal along the venturi-meter (at two different flow rates).
4. How would the meter coefficient and the pressure distribution change if the venturi-meter was placed vertically. 


















11. Datasheet

Weight = _____ kg

	Run
	Time
(sec)
	hA (1)
(mm)
	hB
(mm)
	hC
(mm)
	hD (2)
(mm)
	hE
(mm)
	hF
(mm)
	hG
(mm)
	hH
(mm)
	hJ
(mm)
	hK
(mm)
	hL
(mm)

	1
	
	
	
	
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	
	
	
	
	
	

	8
	
	
	
	
	
	
	
	
	
	
	
	

	9
	
	
	
	
	
	
	
	
	
	
	
	

	10
	
	
	
	
	
	
	
	
	
	
	
	


 

Experiment No. (4)
Discharge Through an Orifice-meter

1. Introduction 
Overview
Orifice meter is a device used to measure liquids’ flow rate in pipes through the sudden change in their area causing velocity and pressure to change.
Description of apparatus
[image: ]

Figure 4.13: Discharge through an Orifice-meter apparatus.
	


	The apparatus consists of a glass tank which is fed from the hydraulic bench supply valve through an adjustable vertical pipe terminated in a water settler just beneath the water surface. As shown in figure 4.2, an overflow pipe directs the surplus water on to the bench top and then to drain. The water passes down the tank and leaves through a sharp edged orifice which is fitted into the base of the tank. The water jet passes through the bench top directly back into the measuring tank.

[image: ]
Figure 4.14: Arrangement of the Orifice-Meter

There is a tapping in the base of the tank which connects with a plastic tube mounted in front of a vertical scale showing directly the level of water in the tank above the plane of the orifice. A second plastic tube is connected to a Pitot-tube which may be introduced into the discharge jet to measure the total head of the jet. The Pitot tube may be traversed across the jet by revolving a graduated nut which works along a lead screw having a pitch of one thread per mm this traverse enables the diameter of the jet to be measured by traversing the sharp blade, supported from the tube from one side of the jet to the other.
	
13. Experiment Theory
Terms you need to know
· Piezometer: It is a manometer type device used to measure liquid static pressure in 
· Ideal Discharge: The water discharge when no orifice is inserted. 
Principles 
The tank is assumed to be sufficiently large for the velocity of flow in it to be negligibly small (assumed to be zero at the surface). In the vicinity of the orifice the fluid accelerates towards the center of the hole so that as the jet emerges it suffers a reduction of area due to the curvature of the streamlines, as typified by the streamline MN indicated on figure 4.3.

[image: ]
Figure 4.15: Diagrammatic sketch of flow through an Orifice meter

The reduced section is usually referred to as the Vena Contracta. The pressure on the jet surface everywhere and in the vena contracta is atmospheric
Calculations 
The work principle of the Orifice meter is based on two main equations:
· 
· Bernoulli’s Equation 
· The Continuity Equation. 
According to Bernoulli`s equation (Eqn.1) and the continuity equation (Eqn.2), the velocity is maximum at the Orifice-meter at which the diameter is minimum and this section is known to be the vena contracta zone. This is accompanied by a minimum head. 
Bernoulli Equation applies as follows:

	
	
	(1)


Where:
: Water density [kg/m3].
: Pressure at the top of the tank [kPa].
: Pressure at the orifice in [kPa].
: Velocity of the water at the top of the tank [m/s].
: Velocity of the water at the orifice [m/s].
g: Acceleration due to gravity which equals 9.81 [m/s2]
: The height of the water at M related to the datum [m].
: The height of the water at N related to the datum [m].

The Continuity Equation applies as follows:
	
	
	(2)



Where:
a: Cross sectional area in which the water flows [m2].
u: Water velocity [m/s].
Q: Water discharge [m3/s]

Assumptions made are:





And so Eqn.1 becomes:
	
	
	(3)



 is considered to be the ideal velocity which occurs if the orifice was not inserted 

Actual velocity is calculated from the pitot tube reading by the following equation:

	
	
	(4)


The ratio of the actual velocity and the ideal velocity  is referred to as the coefficient of velocity :
	
	
	(5)



The ratio of cross-section of the vena contracta   to the cross-section of the orifice   is referred to as the coefficient of Contraction :

	
	
	(6)



The ratio of the actual discharge  to the ideal discharge   is referred to as the coefficient of discharge :

	
	
	(7)



Using Eqn.2 as follows:

	
	
	(8)


 
Also  can be calculated in terms of  and :
	
	
	(9)





14. Experimental Procedure
The experiment is divided into two parts: Note the Orifice used is Sharp.
1. Switch ON the Hydraulic bench.
2. Adjust the bench supply valve on the hydraulic bench until the level of water in the tank is constant i.e. until the level of overflow is reached.
3. Record  (mm).
4. Insert the Pitot-Tube assembly into the jet of water coming from the orifice and record the value of  (mm).
5. Measure the diameter of the jet at the vena contracta, (mm), using the knife fitted on the Pitot-Tube assembly, this is done by aligning the knife to the inner end of the diameter of the jet and by turning the screw, counting turns (1 turn = 1 mm) until the knife reaches the outer end of the jet.
6. To measure the mass flow rate ( kg/s), collect the water in the weigh tank of the hydraulic bench and the time needed to raise the weigh arm. Note that the weigh arm ratio is 3:1 (This is done by adding weights on the hanger and by using a stop watch to measure time).
7. Remove the weights from the hanger to empty the weigh tank.
8. By gradually adjusting the bench supply valve, measurements of a series of values of  (mm) and Time (sec) may be taken (8 times).
9. Remove the orifice fitted and install the other.
10. Repeat steps 1 – 8.







15. Analysis 
1. Calculate the values of ,  and  when flow reaches the overflow-  
      level Part 1.
2. Calculate Cd using equ. 8 for the various runs –Part 2.
3. Show the variation of  vs.   in a graph then evaluate  from the 
     graph and compare with the previous value.



















16. Data sheet
Sharp Orifice

Part 1
Ho constant



Ho = _____ mm
Hc = _____ mm
do = 13 mm
dc = _____ mm
Weight = _____ kg
Time = _____ sec


	
Part 2
Weight = _____ kg

	Run
	Time (sec)
	Ho (mm)

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	





Experiment No. (5)
Impact of a Jet

1. Introduction 
17.1   Overview
Water jet can operate water turbines by the momentum exchange between the high-velocity jet and the turbine vanes.
17.2   Description of apparatus
Figure 5.1 shows a vertical nozzle supplied by water from the hydraulics bench. A jet of water is generated and directed vertically towards a vane. The vane is supported by a lever carrying a Jockey weight and restrained by a light spring. Two shapes of vanes will be used separately: A Flat Plate and a Hemispherical Cup.

Figure 5.16: Impact of a jet apparatus

18. Theory
18.1   Definitions
· Turbine vane: A blade attached to the rotating axis of the turbine. It directs the stream propelled by the rotating blades to the next turbine stage.
· Jockey weight: The weight that rides on the lever of a testing machine to provide adjustment. 
18.2   Principles 
Figure 5.2 shows a vane symmetrical about the x-axis. A jet of water flowing at the rate of  [kg/s] with a velocity  [m/s] strikes the vane. The fluid leaves the vane with a velocity [m/s] inclined at an angle  to the X-axis.

[image: ]
Figure 5.17: Schematic of the flow over a vane

To calculate the forces in the system, Newton’s laws are applied. From Newton’s second law, the force is the change in momentum with time:
	
	
	(1)



In addition, and from Newton’s third law, the force on the jet in the x direction  opposes the force on the vane from the jet in the x-direction .
18.3   Calculations 
From Figure 5.2:

	
	
	(2)



	
	
	(3)



Notice that  changes according to the change in the shape of the vane:

	Vane Shape
	 (degrees)

	Flat plate vane
	90

	Hemispherical cup vane
	180




Referring to Eqn.3 and for the flat plate:

	
	
	(4)



For the hemispherical cup:

	
	
	(5)


If changes in elevation and piezometric pressure are neglected, the maximum value of  will be equal to  and so Eqn.5 becomes:

	
	
	(6)



To calculate the mass flow rate  [kg/s]:

	
	
	(7)


Where:
 Water density [kg/m3].
 Cross-sectional area of the nozzle [m2]
 Water velocity at the nozzle exit [m/s].

To calculate 

	
	
	(8)


Where:
 Water velocity at the vane inlet [m/s].
 Height of vane above the tip of the nozzle [0.037m].
 Acceleration due to gravity which equals 9.81 m/s2.
[image: ]
Figure 5.18: Diagram of the impact force measurement apparatus without a jet
[image: ]
Figure 5.19: Diagram of the impact force measurement apparatus with a jet

To calculate the experimental value of the force exerted by the jet on the vane, the following equation is used*:

	
	
	(9)


Where:
 The distance that the jockey weight moved [m].
 Distance from center to vane to pivot of the lever [m].
 Jockey weight mass [kg].

This equation represents the summation of moments around the pivot o shown in figure 5.3 and 5.4.
*Refer to section 3.1 for  and .






19. Experimental Procedure
The experiment is divided into two parts: Flat Plate and Hemispherical Cup.
1. Fix the Flat Plate or the Hemispherical Cup on the lever.
2. Balance the lever by placing the jockey weight at its zero position. Turn the knurled nut above the spring and notice the tally until it hides within the lever.
3. Switch ON the Hydraulic bench.
4. Adjust the bench supply valve on the hydraulic bench to the maximum and move the jockey weight until the initial balance position is restored.
5. Measure the jockey weight displacement (mm), and the mass flow rate.
To measure the mass flow rate  [kg/s], collect the water in the weigh tank of the hydraulic bench and measure the time needed to raise the weigh arm. This is done by adding weights on the hanger and a stopwatch.
Note: the weigh arm ratio is 3:1 
6. Remove the weights from the hanger to empty the weigh tank.
7. Move the jockey to a fixed value and record the time (sec) (8 Times).
8. Repeat steps	1-7 by removing the flat	plate and fixing	the hemispherical cup.
19.1   Data Given
	Nozzle cross-sectional area (mm2)
	0.78

	Jockey weight mass (kg)
	0.61

	Distance from center to vane to pivot of lever (m)
	0.1525

	Height of vane above tip of the nozzle (mm)
	37




20. Analysis 
1. Calculate  and for all runs and for each vane.
2. Find the theoretical forces on the vanes from eqns.4 & 6 and compare with 
     experimental values eqn.9.
3. Plot  Vs for each vane.
4. Find the efficiency of the vanes.
5. How would the efficiency be affected if the following errors existed:
i. Error in the jockey weight by 0.001 kg.
ii. Distance from center of the vane to pivot by 1 mm.
iii. The diameter of the water jet and nozzle diameter differs by 0.1 mm. 














21. Datasheet



Flat plate
Weight = ________ kg
	Run
	Time (sec)
	 (mm)

	1
	
	

	2
	
	

	 3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	




Hemispherical cup
Weight = ________ kg
	Run
	Time (sec)
	 (mm)

	1
	
	

	2
	
	

	 3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	








Experiment No. (6)
Flow Measuring Apparatus 

1. Introduction 
Overview
Three measuring devices are used in this experiment to compare their accuracy. These are: Venturi meter, Orifice meter, and Rotameter. 
Description of apparatus
[image: ]

Figure 6.20: Flow measuring apparatus.

Water enters the equipment through a Perspex Venturi-Meter at A, it consists of a long gradually-converging section, followed by a throat at B, then by a long diverging section at C. After a change in cross-section through a rapidly diverging section at D, the flow continues down a settling length, and through an Orifice plate meter at F. Then through a further settling length, a right angle bend and a Rotameter (shown in figure 6.2).
The Rotameter consists of a transparent tapered tube in which a float takes up an equilibrium position. The position of this float assessed from the scale on the wall of the Rotameter, is a measure of the flow rate. Manometer tubes for measuring pressures are connected to points A, B, C, D, E, F, G, H and I (as shown in figure 6.2).
[image: ]
Figure 6.2: Location of manometers on the apparatus.
	


23. Theory
Definitions
· Rotameter: It is a device used to measure volumetric flow rate of a fluid contained in a closed tube. 
Principles 
The work principle of all the measuring devices used in the experiment is based on Bernoulli’s Equation which states that “The total energy per unit mass of flowing fluid, at any point in the subsurface, is the sum of the kinetic, potential, and fluid-pressure energies and is equal to a constant value.”  


	
	
	(1)




[image: ]
Figure 6.3: schematic of the flow measuring apparatus. 

Both, the venturi meter and the Orifice meter are based on the continuity equation which states that the flow rate of a fluid passing through a tube is constant throughout that tube.

	
	
	(2)


Calculations 
2.3.1 Venturi Meter 

This device changes the area in which the fluid passes in gradually, according to Bernoulli`s equation (Eqn.1) and the continuity equation (Eqn.2) and neglecting the losses and the head differences, 

	
	
	(3)



Where
: Pressure at the top of the tank [kPa].
: Pressure at the orifice [kPa].
: Velocity of the water at the top of the tank [m/s].
: Velocity of the water at the orifice [m/s].
g: Acceleration due to gravity which equals 9.81 m/s2.
Water density [kg/m3].



The Continuity Equation applies as follows:
	

	
	(4)



Where:
a: Cross sectional area in which the water flows [m2].
u: Water velocity [m/s].
Q: Water discharge [m3/s].
Substituting  from Eqn.1, 

	
	
	(5)



2.3.2 Orifice Meter 

This device changes the area in which the fluid passes in suddenly, according to Bernoulli`s equation (Equ.1) and the continuity equation (Equ.2) and neglecting the losses and the head differences, 

	
	
	(6)



Where
: Pressure at the top of the tank [kPa]
: Pressure at the orifice [kPa]
: Velocity of the water at the top of the tank [m/s].
: Velocity of the water at the orifice [m/s].

The Continuity Equation applies as follows:

	
	
	(7)




Substituting  from Eqn.1, 

	
	
	(8)



2.3.3 Rotameter 
	This device consists of a float which responds linearly to the flowrate of the fluid in the tube of the rotameter (shown in figure 6.4). The flow rate can be read directly from the scale on the glass tube. This measurement corresponds to the position of the float which can be converted into the mass flow rate using the Rotameter calibration curve (refer to section 3.1).
[image: ]
Figure 6.4: Rotameter Principle.

2.3.4 Coefficient of Discharge 
To compare these devices, the coefficient of discharge is calculated for each device as follows:

	
	
	(9)


Where:
 The actual flow rate which is calculated using the hydraulic bench. 


24. Experimental Procedure
1. Switch ON the Hydraulic bench.
2. Adjust the bench supply valve on the hydraulic bench and the control valve so that the Rotameter is in mid position in its calibrated tapered tube.
3. Press on the manifold outlet to lower all manometer readings.
4. Adjust the bench supply valve to raise the Rotameter to the 20 cm level.
5. Record   and   (mm).
6. To measure the mass flow rate ( kg/s), collect the water in the weigh tank of the hydraulic bench and the time needed to raise the weigh arm. Note that the weigh arm ratio is 3:1 (This is done by adding weights on the hanger and by using a stop watch to measure time).
7. Remove the weights from the hanger to empty the weigh tank.
8. By gradually adjusting the bench supply valve, measurements of a series of values of Rotameter readings (cm),    and  (mm) and Time (sec) may be taken (8 Times).
9. From the Rotameter calibration curve provided (figure 6.5), convert all the Rotameter readings (cm) to their equivalent mass flow rate (  kg/s).
Data Given 
	Diameter at section A (mm)
	26

	Diameter at section B (mm)
	16

	Diameter at section E (mm)
	51

	Diameter at section F (mm)
	20


[image: ]
Figure 6.5: Rotameter Calibration curve.





25. Analysis 
1. Calculate the experimental mass flow rates for the Venturi meter and Orifice.  
2. Compare these values with actual mass flow rates obtained from the hydraulic bench in a graph.
3. Find the coefficient of discharge of the devices from the plotted graphs (Slope) and comment on the difference between values.
4. Draw the rotameter calibration curve by ploting actual mass flow rate versus its cm readings.




















26. Data sheet
Weight = _____ kg

	
	Venturi
	Orifice
	
	
	

	Run
	
(mm)
	
(mm)
	
(mm)
	
(mm)
	Time
(sec)
	Rotameter
(cm)
	Rotameter
(kg/s)

	1
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	

	8
	
	
	
	
	
	
	





Experiment No. (7)
Water Channel Applications
Discharge Beneath a Sluice Gate


Part 1: Discharge Beneath a Sluice Gate

1. Introduction 
27.1   Overview
This part studies a one-dimensional flow under the sluice gate in a rectangular channel with free flow conditions. 
27.2   Description of apparatus
[image: ]

Figure 7.21: Sluice gate mounted on a water channel.




	The apparatus consists of a water channel with a sluice gate fitted on it. The sluice gate vertical position can be adjusted to change the quantity of water flowing through it using a lifting mechanism provided with the gate. In addition, there is a manometer connected to a pitot tube to measure the water head. 

	
Theory
27.3   Definitions
· Free flow conditions:  It is the condition of free flowing fluid with no compression with a surface pressure equal to the atmospheric pressure.
· Hydrostatic pressure: It is the pressure exerted by a fluid at equilibrium at a given point within the fluid.
27.4   Principals
Sluice gates are used to control water levels and flow rates in rivers and canals. They also are used in wastewater treatment plants.
The most common type of these gates is the vertical rising sluice gate valve. This type has a gate that rises (to allow fluid to flow under it) and lowers (to stop the flow). 
27.5   Calculations 
To calculate the water’s volumetric flow rate , continuity equation is used:
	
	
	(1)


Where:
 Cross sectional area in which water passes [m2].
 Passing water velocity [m/s].

To calculate the area in which water passes:
 
	
	
	(2)


Where:
 Height of the gate opening [m].
 Gate width [m].

To calculate water’s velocity, Bernoulli’s principle is used with two points as shown in figure 7.2:

	
	
	(3)



Where: 
Pressure at point 1 [kPa].
: Pressure at point 2 [kPa].
: Water velocity at point 1 [m/s].
: Water velocity at point 2 [m/s].
: Water density [kg/m3].
: Water depth before the gate [m].
: Acceleration due to gravity [m/s2].

Notice that:

 is assumed to be zero since the channel area is much larger than the gate opening.


Eqn. 3 becomes: 

	
	
	(4)



Back to Eqn.1:

	
	
	(5)




[image: ]
Figure 7.2: Sluice gate diagram

The coefficient of discharge for the gate is:
	
	
	(6)



Where:
 Contraction coefficient.
 Velocity coefficient.

	
	
	(7)



Where:
 Total head at discharge point [m].

	
	
	(8)


Where:
 Water depth after the gate [m].

To calculate the thrust affecting the sluice gate (shown in figure 7.3) [footnoteRef:1]: [1:  For a detailed derivation: http://user.engineering.uiowa.edu/~fluids/posting/Schedule/Example/Class26_Ex3.pdf] 



	
	
	9)




	
	
	  (10)




To calculate the resultant hydrostatic thrust:


	
	
	(11)



[image: ]
Figure 7.3: Sluice gate force analysis.
























Experimental Procedure
1. Adjust the bottom edge of the sluice gate  to 20 mm.
2. Switch On the pump admitting water into the flume.
3. Wait enough time for water to stabilize.
4. Record the values of  (cm) from manometer,  (mm) and  (mm).
5. Raise the sluice gate bottom edge by 5 mm increments with constant flow rate and Repeat steps 3 and 4.
Data Given

	Gate Width b (cm)
	30






Analysis 
1. Calculate  and  for all runs.
2. Calculate the velocity of the stream after the Gate
3. Calculate  and  and compare between them.
4. Plot the ratio  against 


Part 2: Characteristics of flow over a " V " notch weir

1. Introduction
Overview
This part studies the real-time flow of water through a V-Notch with free flow conditions.
Description of apparatus
[image: ]

Figure 7.4: V – Notch


29. Theory
Principles
A V – Notch is used to measure water flow in a channel. The head of the water over the V - notch crest is measured to obtain the water flow rate. It is suitable for low flow rate measurements.


[image: ]

Figure 7.5: 3D diagram for flow over a V-Notch.

Calculations 
To calculate the water flow rate  through the V – Notch [footnoteRef:2]: [2:  For a detailed derivation: https://www.engineeringenotes.com/fluids/weirs/classification-or-types-of-notches-and-weirs-fluid-mechanics/47397] 


	
	
	(12)



Where:

Enclosed angle of the V – Notch [Degrees].
 Head above the bottom of the V – Notch [m].


[image: ]
Figure 7.6: 2D diagram for flow over a V – Notch.






30. Experimental Procedure
1. Position the V-notch weir and introduce water until it discharges over the weir plate.
2. Adjust flow of water into the flume to obtain heads increasing in about 10 mm steps. For each step measure  (using the digital flowmeter) and the head .

31. Analysis
1. Calculate the discharge coefficient for each reading.
2. Plot  vs.  and find  from the slope of the graph, Comment on the value of .
3. Plot vs.  and comment on the results.


4. 
32. Data sheet
Part 1 
	Yg (mm)
	Y0 (mm)
	Y1 (mm)
	Hc (cm H2O)

	20
	
	
	

	25
	
	
	

	30
	
	
	

	35
	
	
	

	40
	
	
	

	45
	
	
	





Part 2
	Q (m3/h)
	H (mm)

	
	

	
	

	
	

	
	

	
	

	
	






Experiment No. (8a)
Centrifugal Pump Power Measurements

1. Introduction 
Overview
Centrifugal pumps are devices used to transport a fluid by converting rotational kinetic energy to hydrodynamic energy. 
Description of apparatus
[image: ]

Figure 8.22: Centrifugal Pump Apparatus.




[image: ]
Figure 8.23: Centrifugal Pump Parts description.
	A centrifugal pump is connected to an open tank (at atmospheric pressure), the pump has two valves, the inlet valve and the discharge valve. The flow rate of the pump is changed through a discharge valve.
	
34. Experiment Theory
Principles 
The centrifugal pump is a dynamic pressure pump. Its mechanical energy (rotational) is generated via an electric motor connected to it. The rotational movement of its impellers results in a pressure lower than the atmospheric pressure in the inlet. Due to the pressure difference, the fluid is pushed into the pump. The centrifugal force generated by the rotational movement increases the kinetic energy of the fluid. The fluid is then directed to the involute of the pump which converts the kinetic energy to pressure energy. 
Calculations 
1. To Calculate the electrical power that drives the pump:
	
	
	(1)


Where:
: Electrical Power needed to drive the pump [W].
: Voltage [V].
: Current [A].

2. To Calculate the Mechanical power that pumps generates:
	
	
	(2)



Where:
: Angular speed of the pump [RPM].
T: Pump’s Torque [N.m].
 Pump’s Force [N].

3. To Calculate hydraulic power using

)												(3)

4. To Calculate pump head as,

												(4)





5. To Calculate the Overall efficiency of the pump:
	
	
	(5)




Where:
: Water density [kg/m3].
: Acceleration due to gravity [m/s2].
 Volume flow rate [m3/s].
 Water head [m].




























35. Experimental Procedure
1. Make sure the inlet valve is completely open and the discharge valve is closed.
2. Switch the power on.
3. Run the pump at 2500 RPM.
4. Balance the casing of the rotating shaft by the driving screw. This is achieved by having the arm fixed horizontally half way between the restrains.
5. Wait enough time until the system is steady.
6. When the system is in a steady state, record the following: Force (), voltage (), Current (), Inlet pressure (), Outlet pressure () and the volume flow rate ().
7. Open the discharge valve to get a different volume flow rate (Note: This will cause the RPM to change, readjusted to 2500 RPM).
8. Repeat the procedure from 4 to 6, 8 times.
9. Shut down the system.




36. Analysis 
1. Plot electrical, mechanical, and hydraulic power Vs. the volume flow rate in one figure.
2. Plot the head and the overall efficiency Vs. the volume flow rate (On the same  
   graph).
3. In the discussion of results section, answer these questions:
i. When does the minimum power required to drive the pump occur?
ii. When does the maximum power required to drive the pump occur?
iii. At what point does the maximum pump efficiency occur? Will this change if the RPM is to change?
















37. Data sheet
N = 2500 RPM


	Run
	P1 (Inlet)
(bar)
	P2 (Outlet)
(bar)
	Q
(L.P.S)
	F
(N)
	Current
(A)

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	

	6
	
	
	
	
	

	7
	
	
	
	
	

	8
	
	
	
	
	





Experiment No. (8b)

Postive Displacment Pumps-Pistonand Gear Pumps

1.Introduction
Pumps are mechanical devices that impart energy to fluid. Pumps lift water from one elevation to a highest level, overcome friction and minor losses during the conveyance and add pressure head to the outlet. Many applications involves circulating pumps that circulate a liquid in a given system (e.g central heating system). Pumps use mechanical energy generated from diesel, gasoline or electric motors to increase the pressure and the velocity head of water.
2.Types of Pump

Rotodynamic pumps use rotating propellers or impellers to accelerate a fluid movement and therefore add pressure. Positive displacement pumps trap and move a known volume of fluid at high pressure. Rotodynamic pumps usually give a steady, smooth output (no pulsations) at lower pressures. Positive displacement pumps usually create pulses in their output flow. These pressure pulses can be high, so designers often fit pulsation dampers in the flow circuit to steady the flow
· Pumps are classified into (1) positive displacement and (2) kinetic pumps.
· Positive displacements are divided into rotary and reciprocating;
· Rotary pumps includes gear pumps, vane pumps, screw pumps, lobe and cam pumps.
· Reciprocating include Radial or centrifugal, axial flow and mixed flow pumps.
Positive displacement pumps
Positive displacement pumps operate by trapping a fixed volume of liquid then releasing it to a higher pressure by means of a piston or rotary gear. 
Reciprocating pumps use a piston, plunger, or diaphragm to raise the pressure of a liquid. The pumping chambers are surrounded by one-way valves so that liquid can only move in from the low pressure side and out from the high pressure side. They are classed as "single acting" if fluid is moved only on the down stroke, or "double acting" if fluid is moved by both sides of the piston. Because of the mechanism, these pumps produce a pulsating flow; but since flow is independent of head, they can be used to produce large pressure changes. Reciprocating pumps are best for low volume, high head applications (up to 50000 psi). They cannot be used when pulsating flow is a Rotary pumps use a gear, lobe, screw, cam, or vane to compress liquid. Liquid enters through a gap between the rotating element and pump wall at a low pressure where it is trapped. Then, as the element rotates, it squeezes the liquid out through a one-way valve on the opposite side of the casing. 
Typically, rotary pumps are used in high head, low flow applications. They are good for high viscosity and low vapor pressure fluids. The fluid pumped must be "lubricating"; solids cannot be present. A key difference from centrifugal pumps is that discharge pressure variation has little effect on capacity. 
Positive displacement rotary pumps also have their weaknesses. Because of the nature of the pump, the clearance between the rotating pump and the outer edge must be very close, requiring that the pumps rotate at a slow, steady speed. If rotary pumps are operated at high speeds, the fluids will cause erosion, much as ocean waves polish stones or erode rock into sand. 



Table 1: Pump types
[image: ]
3. Objectives
General objective of experiment is to study characteristics and performance of reciprocating and gear pumps. In particular student will learn the following;
· The Effect of Delivery Pressure at Constant Speed 
· The Effect of Speed at Constant Delivery Pressure. 
· The Effect of Inlet Pressure on Pump Performance 

4. System Description
Figure 1 shows the main parts of the Positive Displacement Pump Module. It shows the Module fitted with the Universal Dynamometer. The Universal Dynamometer turns the optional pump you fit to the frame. The pump forces oil around a circuit. The oil comes from an oil reservoir, through an inlet valve and through the pump. It then passes through a pressure relief valve (for safety) and a delivery valve. It then passes through a gear-type flowmeter and back to the oil reservoir. The oil reservoir has a level indicator, so you can see how much oil it contains.


[image: ]
Figure 1 Positive displacement pump module

Electronic pressure transducers in the circuit measure the oil pressures at the inlet to the pump and at the outlet of the pump. The delivery pressure transducer measures pressure downstream of the pressure relief valve. To obey good engineering practice, a mechanical pressure gauge also shows the delivery pressure, in case of electrical power failure. The mechanical pressure gauge also helps you to see the pressure pulses at the outlet from the pumps. A thermocouple measures the oil temperature to help find its viscosity. The flowmeter measures the oil flow in the circuit. The electronic pressure transducers, the thermocouple and flowmeter all connect to a digital display that shows the pressures, temperature and flow.
Figure 2 shows the piston pump. This pump is a twin piston industrial pump. It has an off-center cam that pushes two small vertically- opposed pistons up and down alternately in cylinders as shown in figure 4. They move oil through one-way valves from the inlet to the outlet. The swept volume of each cylinder determines the volume of fluid moved for every revolution. Because the pump uses just two pistons, it creates high pressure pulses in the fluid at the output. In most applications, this type of pump has a pulsation damper on its output. 
[image: ] 
Figure 2 Piston pump

Gear Pump (MFP103b)

This pump is basically two gears that move together in a close-fitting housing as shown in figure 3. As the gears move they create a low pressure area at the input port. Fluid moves into the low pressure area. The gears trap and push small volumes of the fluid around the walls of the housing and to the outlet. The output is reasonably smooth, with small pulses. There are several slightly different designs of gear pump, but the basic principle is the same. The size of the gears determines the volume of fluid moved in each revolution.
[image: ]
Figure 3 Gear pump.



The Digital Pressure, Temperature and Flow Display

This display connects to the two pressure transducers, the flowmeter and the thermocouple. It displays the oil pressure (at inlet and outlet), its temperature and its   flowrate.
In the middle of the Pressure Display is a button marked ‘Press and Hold to Zero Display’. Use this button to zero the pressure readings before each   experiment.

The Oval Gear Flowmeter

The oval gear flowmeter is perfect for measuring the oil flow in the oil circuit. It works best with viscous fluids and gives a small pressure loss compared with other flowmeters. It works accurately for a large viscosity range. Its only limitation is that it will only work with clean fluids, as medium to large particles will damage it. It is two oval gearwheels that rotate together, turned by the force of the flow that passes through them. They only allow a fixed volume of fluid to pass for each revolution. A sensor detects the gearwheels rotating. The flow rate is a product of the fixed volume and the gearwheel rotations in a given unit of time (seconds or   minutes).




Versatile Data Acquisition System (VDAS)

It is a two-part product (Hardware and Software) that will:
•	Automatically log data from your tests
•	Automatically calculate data for you
•	create charts and tables of your data
•	export your data for processing in other   software.

Table 2: Piston and gear pumps specifications.

	Item
	Details

	Dimensions (all pumps)
	Approximately 300 mm x 300 mm x 300  mm

	Piston Pump (MFP103a)
	Net Weight: 7.5 kg
Twin, vertically-opposed pistons
Swept Volume - 0.00715 L.rev-1 (7.15 cc.rev-1)

	Gear Pump (MFP103b)
	Net Weight: 8 kg
Swept Volume - 0.008 L.rev-1 (8 cc.rev-1)



5. Theory
The pressure increase (or ‘head’) and flow rate caused by a pump are its two most important qualities. Next most important are its efficiency and power    needs.

Mechanical Power (into the Pump)

This is simply the shaft power at the pump. The Universal Dynamometer couples directly to the shaft of the pumps. So, the shaft power displayed by the Motor Drive is the shaft power at the pump (assuming no losses in the coupling).

Hydraulic Power (from the Pump)
The hydraulic power that the pump adds to the fluid is a product of the flow through the pump and    the increase in pressure (or ‘head’) it gives:

For a real pump, the hydraulic power it adds to the fluid is always less than the shaft power given to the pump.

Overall Pump Efficiency

Equation below gives the overall efficiency of the pump. It is a simple ratio of hydraulic power out against shaft power input to the pump.



Volumetric Efficiency and the Expected (Theoretical) Flow

Volumetric efficiency is an indication of how well the pump has moved an expected (or theoretical) volume of fluid. It is the ratio of the actual volume of fluid moved in a given time against the expected volume of fluid moved. You normally use the total swept volume (Vs) in the pump to find the expected flow. This is easy to find for piston and cylinder type pumps, but more difficult for gear type pumps. To make this easier you may also use the given volume or displacement for each revolution (cc.rev-1).

The flowmeter measures the actual volume flow (QV). The expected volume flow is the product of the swept volume (or cc.rev-1) and the speed of the pump (NP).

Expected volume flow QV = Vs x Np

From this, the volumetric efficiency     


For simpler calculations, you can use non-SI units to find the volume flow


Where flow in L/min and speed in rev/min.

Cavitation

When you reduce the inlet pressure to a pump, it can fall to a pressure equal to (or lower than) the vapor pressure of the fluid that it pumps. This creates bubbles of vapor in the fluid, that collapse when the pressure increases as the fluid passes through the pump. The collapsing vapor bubbles cause small pressure waves that can damage the pump. You can usually hear cavitation - the noise from the pump will change or get louder as the inlet pressure decreases. The low pressure areas may also occur inside the moving parts of some pumps under low pressure conditions.


6. Part 1 - The Effect of Delivery Pressure at Constant Speed

1. Aim

To find how the pump performs for a range of delivery pressures (varied load) at a constant speed.

2. Procedure

1. Create a blank table of results, similar to Table 2. If you are to use VDAS, start the software. It will create the results table for you automatically when you take readings.
2. Fully open the inlet and delivery valves.
3. Use the button on the pressure display to zero all pressure    readings.
4. Zero the torque reading of the MFP100 Universal Dynamometer (see its user guide for details).
5. Press the start button of the Motor Drive and run the speed to 1600 rev.min-1 (+/- 5 rev.min-1) for   at least five minutes and monitor the oil temperature until it stabilizes. Check that any air bubbles have moved away from the flowmeter.
6. Record the speed and oil temperature.
7. Slowly shut the delivery valve and maintain the speed until the delivery pressure reaches 2 bar. Allow a few seconds for conditions to stabilize. Record the indicated flow and pressures. If you are using VDAS, click on the record data values button, to record all data automatically.
8. Continue increasing the delivery pressure in 1 bar steps (while keeping the speed constant) to a maximum of 15 bar. At each step, allow a few seconds for conditions to stabilize and record the indicated flow and pressures.
9. Repeat above runs at another speed 1800RPM


3. Results Analysis

a. From your results, find the pressure difference across the pump and calculate the hydraulic power (remember to convert your readings to SI   units).
b. Calculate the expected flow for the speed of your tests (speed x swept volume or cc.rev-1) and the overall and volumetric efficiencies. If you use VDAS, the software will do this for you automatically. Fill the results table below.
c. Plot a different chart for each test speed. On each chart, use two vertical axes and plot curves of flow rate (left axis), overall and volumetric efficiencies and shaft (input) power (right axis) against pressure difference (horizontal axis).
d. Compare the results at the different speeds, and comment on effect of speed on the performance.
Table test results at constant speed.

	Pump: cc.rev-1:
Oil Temperature: 
Speed:
Expected Flow:

	Delivery Pressure (bar)
	Inlet Pressure (bar)
	Pressure Difference (head)
	
Flow (L.min-1)
	Shaft Power (W)
	Hydraulic Power (W)
	
Overall Efficiency
	
Volumetric Efficiency

	2.0
	
	
	
	
	
	
	

	3.0
	
	
	
	
	
	
	

	4.0
	
	
	
	
	
	
	

	5.0
	
	
	
	
	
	
	

	6.0
	
	
	
	
	
	
	

	7.0
	
	
	
	
	
	
	

	8.0
	
	
	
	
	
	
	

	9.0
	
	
	
	
	
	
	

	10.0
	
	
	
	
	
	
	

	11.0
	
	
	
	
	
	
	

	12.0
	
	
	
	
	
	
	

	13.0
	
	
	
	
	
	
	

	14.0
	
	
	
	
	
	
	

	15.0
	
	
	
	
	
	
	


4. Data sheet for part 1
Table 2 Data for Constant Speed Test

	
	1600 RPM
	1800 RPM

	Delivery Pressure (bar)
	Inlet Pressure (bar)
	Flow (L.min-1)
	Shaft Power (W)
	Inlet Pressure (bar)
	Flow (L.min-1)
	Shaft Power (W)

	2.0
	
	
	
	
	
	

	3.0
	
	
	
	
	
	

	4.0
	
	
	
	
	
	

	5.0
	
	
	
	
	
	

	6.0
	
	
	
	
	
	

	7.0
	
	
	
	
	
	

	8.0
	
	
	
	
	
	

	9.0
	
	
	
	
	
	

	10.0
	
	
	
	
	
	

	11.0
	
	
	
	
	
	

	12.0
	
	
	
	
	
	

	13.0
	
	
	
	
	
	

	14.0
	
	
	
	
	
	

	15.0
	
	
	
	
	
	





7. Part 2 the Effect of Speed at Constant Delivery Pressure
1. Aim	
To find how the pump performs for a range of speeds at a constant delivery pressure (load).

2. Procedure

1. Create a blank table of results, similar to Table 3. If you are to use VDAS, start the software. It will create the results table for you automatically when you take   readings.
2. Fully open the inlet and delivery valves and use the button on the pressure display to zero all pressure readings.
3. Zero the torque reading of the MFP100 Universal Dynamometer (see its user guide for details).
4. Press the start button of the Motor Drive and run the speed to 1600 rev.min-1 (+/- 5 rev.min-1) and run the pump for at least five minutes and monitor the oil temperature until it stabilizes.
5. Wait for any trapped air bubbles to move away from the flowmeter before you continue.
6. Slowly shut the delivery valve and maintain the speed until the delivery pressure reaches 15 bar.
7. Allow a few seconds for conditions to stabilize, then record the speed, the oil temperature, the indicated flow (from the display) and pressures. If you are using VDAS, click on the record data values button, to record all data   automatically.
8. Reduce the speed by 100 rev.min-1 while adjusting the delivery pressure to keep it constant at 15 bar.  Allow conditions to stabilize, then record the flow and    pressures.
9. Continue decreasing the speed in 100 rev.min-1 steps (while keeping the pressure constant) until you reach 800 rev.min-1. At each step, record the indicated flow and pressures.
10. Repeat the experiment at two more (lower) fixed delivery pressures, recommends 10 bar and 5   bar.
3. Results Analysis
a. From your results, find the pressure difference across the pump and calculate the hydraulic power (remember to convert your readings to SI   units).
b. Calculate the expected flow for each speed (speed x swept volume or cc.rev-1) and the overall and volumetric efficiencies. If you use VDAS, the software will do this for you automatically. Fill the results table below
c. Plot a different chart for each tested delivery pressure. On each chart, use two vertical axes and plot curves of flow rate (left axis), overall and volumetric efficiencies and shaft (input) power (right axis), all against pump speed  (horizontal axis).
d. Compare the flow rates at the different delivery pressures.

	Pump: cc.rev-1:
Oil Temperature:
Delivery Pressure:

	
Speed (rev.min-1)
	Inlet Pressure (bar)
	Pressure Difference (head)
	
Flow (L.min-1)
	
Expected Flow
	Shaft Power (W)
	Hydraulic Power (W)
	
Overall Efficiency
	
Volumetric Efficiency

	1600
	
	
	
	
	
	
	
	

	1500
	
	
	
	
	
	
	
	

	1400
	
	
	
	
	
	
	
	

	1300
	
	
	
	
	
	
	
	

	1200
	
	
	
	
	
	
	
	

	1100
	
	
	
	
	
	
	
	

	1000
	
	
	
	
	
	
	
	

	900
	
	
	
	
	
	
	
	

	800
	
	
	
	
	
	
	
	








Data sheet for Part 2

	
	
Delivery pressure 15 bar
	Delivery pressure 10 bar

	
Speed (rev.min-1)
	Inlet Pressure (bar)
	Flow (L.min-1)
	
Shaft Power (W)
	Inlet Pressure (bar)
	Flow (L.min-1)
	Shaft Power (W)

	1600
	
	
	
	
	
	

	1500
	
	
	
	
	
	

	1400
	
	
	
	
	
	

	1300
	
	
	
	
	
	

	1200
	
	
	
	
	
	

	1100
	
	
	
	
	
	

	1000
	
	
	
	
	
	

	900
	
	
	
	
	
	

	800
	
	
	
	
	
	





8. Part 3: The Effect of Inlet Pressure on Pump Performance
1. Aim

To show how reduced inlet pressures affect pump performance and cause cavitation.

2. Procedure

1. Create a blank table of results, similar to Table 4. If you are to use VDAS, start the software. It will create the results table for you automatically when you take   readings.
2. Fully open the inlet and delivery valves.
3. Use the button on the pressure display to zero all pressure readings.
4. Zero the torque reading of the MFP100 Universal Dynamometer (see its user guide for details).
5. Press the start button of the Motor Drive and run the speed to 1600 rev.min-1 (+/- 5 rev.min-1) and run the pump for at least five minutes and monitor the oil temperature until it stabilizes.
6. Wait for any trapped air bubbles to move away from the flowmeter before you continue.
7. Slowly shut the delivery valve and maintain the speed until the delivery pressure reaches 2 bar.
8. While keeping the speed and delivery pressure constant, use the inlet valve to reduce the inlet pressure to the nearest 0.1 bar.
9. Allow a few seconds for conditions to stabilize, then record the speed, the oil temperature, the indicated flow (from the display) and pressures. If you are using VDAS, click on the record data values button, to record all data   automatically.
10. Continue decreasing the inlet pressure in 0.1 bar steps (while keeping the delivery pressure and speed constant) until you can hear a change in the sound from the pump (cavitation). At each step, record the indicated flow and pressures.


3. Results Analysis

a. From your results, find the pressure difference across the pump and calculate the hydraulic power (remember to convert your readings to SI   units).
b. Calculate the expected flow for each speed (speed x swept volume or cc.rev-1) and the overall and volumetric efficiencies. Fill the results table below.
c. Create one chart with two vertical axes. Plot curves of the flow rate (left axis), overall and volumetric efficiency and shaft (input) power (right axis) against the inlet pressure (horizontal axis). 
d. Comment on how the low inlet pressures (that can cause cavitation) affect the performance of the pump.

	
Pump: cc.rev-1:
Oil Temperature:
Delivery Pressure:
Speed:
Expected Flow:

	Inlet Pressure (bar)
	Pressure Difference (head)
	
Flow (L.min-1)
	Shaft Power (W)
	Hydraulic Power (W)
	
Overall Efficiency
	
Volumetric Efficiency

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	







Data sheet part 3

Speed:    rpm
Delivery pressure    2 bar

	Inlet Pressure (bar)
	
Flow (L.min-1)
	
Shaft Power (W)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Cavitation
	
	





















Experiment No. (9a)
Pressure Losses in Ductwork

1. Introduction 
4. Overview
Ductwork is used to pass a fluid from one point to another. Losses in the fluid’s energy should be overcome by a pump or a fan depending on the type of fluid. 
5. Description of apparatus
[image: ]


Figure 9.24: Pressure loss in Ductwork apparatus.




	The apparatus consists of straight pipes with mounted fittings such as a screen, elbows and flow measuring devices. A fan is used to force the air in the ductwork and compensate the losses resulting from the fittings. 
Figure 9.2 shows a schematic drawing of the apparatus:

[image: ]
Figure 9.25: Schematic of the Ductwork apparatus.
	
9. Theory
1. Definitions
· Ductwork: It is a system of tubes (ducts) that is a part of the heating and air conditioning system. 
· Equivalent Length: It is the length of a straight pipe of the same diameter as the fitting that would cause the same pressure drop caused by the fitting.

2. Principles 
There are two types of pressure loss in ductwork:
1. Friction losses: These losses are due to fluid viscosity. 
2. Dynamic losses: These losses are due to the change of direction of the fluid which is caused by bends, elbows and contractions.
3. Calculations 
To calculate the Pressure loss in each section of the system, Equ.1 is used as follows:

	
	
	(1)


Where:
 Static pressure loss [Pa]
: Diameter of the pipe which equals 0.0984 m.
 The equivalent length [m].
: Air density which equals 1.2 kg/m3.
: Air velocity [m/s].
Friction coefficient [-]. 
K: Pressure loss factor


Notes: 
· The term  is the pressure loss factor and the term  is the dynamic pressure. 

To calculate the air velocity in the pipes, the continuity equation applies as follows:

	
	
	(2)


Where:
: Cross sectional area in which the air flows [m2].
: Air velocity [m/s].
Q: Air flow rate [m3/s].

For the Venturi meter:

	
	
	(3)


Where:
 Air head for the venturi [mbar].

For the Orifice meter:

	
	
	(4)


Where:
 Air head for the orifice [mbar].


To calculate the fluid main velocity, Equ.5 is used as follows:

	
	
	(5)


Where:
 Air velocity measured by the Orifice meter [m/s].
 Air velocity measured by the Venturi meter [m/s].






























10. Experimental Procedure
1.	Run the tutor fan at the slow speed.
2.	Using the pressure gages, measure the static pressure loss between each pair of traverse position,  and the pressure loss between the first and the last sections.
3.	From orifice and venturi measuring tubes measure , and .
4.	Repeat the previous procedure for the high speed fan.






11. Analysis 
1. Calculate the fluid’s main velocity from equations 4, 5 and 6.
2. Calculate the pressure loss factor and the equivalent length for each section in the system assuming
3. Calculate the equivalent length of the system based on the total pressure loss and assuming
4. If you know that the actual length of the tutor is . Comment on your results above.
5. Specify the elements that caused the maximum and the minimum pressure losses.
6. Which of the flow measuring devices cause more pressure loss?

















12. Data sheet
	
	
	Slow Fan
	Fast Fan

	
	
	        mbar
	        mbar

	
	
	        mbar
	        mbar

	Section
	 (mmH2O)
	 (mmH2O)

	1 - 2
	Screen
	
	

	2 - 3
	Straight duct
	
	

	3 - 5
	Orifice meter
	
	

	5 - 6
	Round elbow
	
	

	6 - 7
	Straight duct
	
	

	7 - 10
	Venturi meter
	
	

	10 - 11
	Round elbow
	
	

	11 - 12
	Heat bank
	
	

	12 - 13
	Straight duct
	
	

	13 - 14
	Round elbow
	
	

	14 - 15
	Straight duct
	
	

	15 - 16
	Right angle elbow
	
	

	16 - 18
	Straight duct
	
	

	1 - 18
	Total 
	
	












Experiment No. (9b)

Friction Loss in a Pipe


1. Objective:

The purpose of this experiment is to investigate friction losses in a pipe over a wide range of flow conditions; laminar and turbulent regions. Specific objectives as follows:
· Work with a digital hydraulic bench.
· Measuring flow rate and pressure drop
· Measuring friction head loss over laminar and turbulent ranges
· Measuring friction factor
· Comparing experimental friction factors with theoretical and empirical correlations.


2. Experimental setup and Procedure

Experimental set shown in figure 1 consists of small-bore copper tube and pressure measuring devices, reservoir control valves all mounted on a digital hydraulic bench.

Measurement of the pressure can be done using the inverted U-tube water manometer or a hand-held pressure meter. For lower flow rates, you connect the manometer, which reads the differential pressure directly in millimetres of water. For higher flow rates, you connect the hand-held differential pressure meter. The hand-held pressure meter automatically shows the difference (∆h) between h1 and h2 in m of water.

The flow through the pipe is too small to measure using the hydraulic bench measurement systems; hence, a stopwatch and a graduated container to measure flow rate from a flexible outlet at the downstream end will be used. A Header Tank provides a uniform, constant head (approximately 1 m head) flow for the lower flow rates, while the pump in the hydraulic bench provides a more direct flow for the higher flow rates. The test pipe internal nominal diameter is 3.0 mm, cross sectional area is7.06 mm2 while distance between tapings is 524 mm.

[image: ][image: ]

Figure 1 Experimental set up (a). Digital pressure meter (b)


Part 1: Lower flow rates
1. Set up the equipment with the output of the Hydraulic Bench connected to the header tank, and the Header Tank connected as the supply to the inlet of the Friction Loss in a Pipe.
2. Switch on the Hydraulic Bench pump and carefully adjust its supply valve until there is a steady flow down the supply tank overflow pipe, without overflowing the Header Tank.
3. Partly open the needle valve on the downstream end of the test pipe and allow water to flow through the test pipe.

4. Use the bleed pipe with the bleed connection to bleed trapped air from the pressure tapping pipework (both pipes). The self-sealing sockets of the pressure tapings will now hold the water in their pipes.
5. Connect the water manometer and check that its pipes start to fill with water and any trapped air moves up to the top of the manometer (you may need to gently tap the pipes to help move the trapped air).
6. Adjust the flexible outlet pipe at the downstream end of the test pipe so that it will pour into the container supplied.
7. Shut the needle valve and check that the levels in the water manometer settle to the same value. If they do not, check that flow has stopped, and that all trapped air bubbles have been cleared from their pipes.
8. If necessary, use the hand pump to add some air to the air valve and chamber at the top of the water manometer, or press the air valve slightly to release air so the water levels are near the middle of the scale range (at around 260 mm).
9. Carefully open and adjust the needle valve to give a differential head (h1 - h2) of around 450 mm on the water manometer. Record these values.
10. Use the collection and measuring vessels supplied, and a stopwatch (not supplied) to time the collection of a suitable quantity of water from the outlet pipe (for example 500 mL). Measure and record the temperature of the water that you collect.
11. Use the needle valve to reduce the differential in roughly 30 mm steps, to give at least ten sets of results. Stop taking results at around 30 mm differential. At each step, record the differential, the flow rate and the water temperature as needed in the data sheet.

Part 2: Higher flow rates

1. Set up the equipment with the output of the Hydraulic Bench connected directly to the inlet of the Friction Loss in a Pipe.
2. Switch on the Hydraulic Bench pump and half open its supply valve.
3. Fully open the needle valve on the downstream end of the test pipe and allow water to flow through the test pipe.
4. As in procedure 1, use the bleed pipe with the bleed connection to bleed trapped air from the pressure tapping pipework (both pipes). The self-sealing sockets of the pressure tappings will now hold the water in their pipes.
5. Before you connect the hand-held pressure meter, set its display to zero and to show a value in mH2O.
6. Connect the hand-held pressure meter.
7. Adjust the Hydraulic Bench supply valve until you have a pressure differential of around 2000 mm (2 m) of water.
8. Now follow procedure 1 but takes steps of around 0.2 m (200 mm) differential, giving more than 8 sets of readings. Stop taking results at a differential of around 0.4 m (400 mm). Record data as needed in the data sheet. 
9. After use, unplug the meter connections and switch off the meter. Gently shake out any rapped water from its measuring pipes and store the meter safely.

3. Data sheet : Part 1/2 
    
	Qty (ml)
	Time (s)
	Temperature (oC)
	h1 (mm)
	h2 (mm)
	∆h mm

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	



4. Theory and analysis

As fluid flows along a pipe, it experiences frictional resistance that gives a loss of energy, or ‘total head’ of the fluid. The difference in levels between piezometers A and B are the total head loss, h, in the length of pipe, l. The rate of loss of total head along a pipe, dh/dl, is called ‘hydraulic gradient’, denoted by the symbol i, so that:   i= dh/dl

Reynolds number predicts whether the flow is laminar or turbulent; flow will be considered laminar for internal pipe flow up to Re =2300 and will be considered turbulent above this value.
 
						(1)

For low flow laminar flow the friction head loss is given by Hagen- Poiseuille's Equation as 
					(2)

or hydraulic gradient as 

						(3)

For high flow or turbulent flow the head friction loss hf can be represented by Darcy- Weisbach formula and simplifies to 

							(4)

Where f is the friction factor, which is a function of Reynolds number and pipe roughness. May use Moody chart of other correlations to find the friction factor.


5. Results and Discussions

a. Based on the obtained data complete the calculation table,
b. Volumetric  flow rate or discharge obtained by dividing collected water volume by the measured time. Bulk or average velocity is calculated by dividing the flow rate Q by the cross sectional area. Density and viscosity from tables.  Hydraulic gradient and Reynold number from given equations.

c. Plot hydraulic gradient versus average velocity, and note the transition from laminar to turbulent.
d. Calculate friction factor from Darcy- Weisbach equation for each flow and compare with theoretical values such as given in equation below  
      or from Moody chart.

















6. Data Sheet
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High Flow Results 
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