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[bookmark: _GoBack]When the vast Kariba Hydro-electric Dam was built across the narrow Kariba Gorge in the late 1950s, it was the largest man-made dam structure in the world.  It is built as a double curvature concrete arch and is still one of the world's largest, standing 128 m (420 ft) tall and 579 m (1,900 ft) wide. 
While its size has now been surpassed by other dam construction since, it's vast lake (280kms long and about 40kms wide) is still the largest human-made reservoir in the world.   
The wall was designed by Coyne et Bellier and constructed between 1955 and 1959 by Impressit of Italy.  86 men lost their lives during construction.  The delightful little Italian-built Church of Santa Barbara, situated on top of Kariba Heights Hill, is dedicated to the memory of these men.
The name 'Kariba' is thought to be a corruption of a local word 'Kariva' which means "little trap".  It is believed when those who wished to construct the dam wall wanted to explain the nature of the project to the locals, they emphasised that they wanted to build a little water trap-Kariva. However, the complex pronunciation of the 'v' in Kariva saw the Western constructors produce a sound much like a 'b' hence the creation of the word Kariba.
The Kariba Dam is owned and operated by the Zambezi River Authority, which is jointly and equally owned by Zimbabwe and Zambia
Electricity is produced through hydro-electric turbines on both sides of the wall (in the north and south banks of the Zambezi River), and supplies both countries.
A main road linking Zimbabwe with Zambia crosses over the top of the wall and there are Customs and Immigration borderposts on both sides.
Visitor access onto the Kariba Dam wall (without crossing the border) is possible, but you have to gain permission from passport control first at the Zimbabwe borderpost.  This is a simple process and requires leaving a passport or ID document with them while you are visiting the wall, and collecting it on your return. The experience is well worth the effort and time involved.  The site is particularly spectacular if the Kariba Dam floodgates are open and a huge column of water thunders into the Kariba Gorge below. 
If you are short of time, an easier, and quicker option, is to view the dam wall from the Observation Point situated on a hill overlooking it.   Access to the Observation Point is up a short road off to the right at the fuel station on the main road above Kariba (Mahombakombe) before the Zimbabwe borderpost. From the platform at the Observation Point there is wonderful view over the Dam Wall, with a small parking place for cars, some craft sellers selling their wares, and a small interpretative centre manned by the Kariba Publicity Association/Zimbabwe Tourism Authority, which gives some interesting information about the dam itself, and the story of the Tonga people who were displaced when the vast Lake Kariba flooded a vast area of Zambezi Valley behind it. They were re-settled in lands away from the water, but had to leave behind their homes, livelihoods and ancestral burial grounds.   
Anyone interested in the history and drama involved in the building of Kariba Dam and the filling of its lake (which at the time was the largest man-made body of water in the world) should watch a fascinating DVD of historical film footage produced to mark the occasion of dam’s Jubilee Year in 2010. Bill Sykes, a committee member of the History Society of Zimbabwe put together this collection of three historical documentary films entitled "The Captive River", "Operation Noah" and "The Kariba Story". The first two were easily obtained through the archives. But the third is unique in that it was taken throughout the period of the building of the wall by Ian Shand, a prominent Zimbabwean civil engineer with the Department of Water Development who purchased a 16mm camera, and recorded most, if not all, of the events throughout the construction period.   Copies of the DVD can be obtained from Bill Sykes   sykesbill@zol.co.zw
· [image: http://www.wildzambezi.com/data/media/00000898/Kariba-dam__sqthumb.jpg]
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TITL E: CENTRE OF PRESSURE
[bookmark: _Toc515164597]INTRODUCTION
The centre of pressure is the point where the total sum of a pressure field acts on a body, causing a force to act through that point, the total force vector acting at the centre of pressure is the value of the integrated vectorial pressure field. The resultant force and the centre of pressure location produce equivalent force and moment on the body as the original pressure field. Pressure fields occur both in static and dynamic fluid mechanics. specification of the centre of pressure, the reference point from which the centre of pressure is referenced and the associated force vector allows the moment generated about any point to be computed by a translation from the reference point to the desired new point.it is common for the centre of pressure to be located on the body, but in fluid flows it is possible for the pressure field to exert a moment on the body of such magnitude that the centre of pressure is located outside the body.
[bookmark: _Toc515164598]OBJECTIVE:
· The purpose of this experiment is to experimentally locate the centre of pressure of a vertically submerged surface. The experimental measurement obtained will be compared with a theoretical prediction.
[bookmark: _Toc515164599]THEORY:
Hydrostatic pressure is the pressure exerted by a fluid at rest due to the weight of fluid above the surface. Hydrostatic pressure and its resulting force have a wide variety of applications. These applications are as widespread as assembly line processes to irrigation and studies of soil properties. Thus, it is important to be able to measure and develop equations for hydrostatic force due to pressure as well as the center of pressure at which this force acts (Çengal and Cimbala, 2014). 
The intensity of pressure on an immersed surface is not uniform, but increases with depth. As the pressure is greater over the lower portion of the object, therefore the resultant pressure on an immersed surface or object will act at some point below the centre of gravity of the immersed surface and towards the lower edge of the figure. The point through which this resultant pressure acts is known as the centre of pressure and is always expressed in terms of the depth from the liquid surface (free surface).




Theoretical determination of the centre of pressure xp:
It is often necessary to calculate total hydrostatic forces, either on a submerged structure or on a portion of fluid isolated as a free body.
Considering the problem of determining the force exerted by a fluid on a plane surface. On each elemental surface area dA of the body there will be exerted a normal hydrostatic force F= hdA. h being the depth of that element below the surface of the fluid. 
The resultant hydrostatic force could be considered as acting at a single point of the surface called the centre of pressure. Theory shows that the centre of pressure xp can be calculated theoretically by the equation;

Where (referring to figure 1 below),
[image: ]
 x=distance from the free surface of liquid to the centroid CG
IG=second moment of the area of immersed surface about the horizontal axis through CG.
A=the area of the immersed surface.
Experimental determination of xp: considering the experimental apparatus shown in figure 1, for equilibrium of the experimental apparatus, moments about the pivot P gives;
F * y W * s where
y = Distance from the pivot to the centre of pressure
W = the weight added to the hanger
s = the distance from the pivot to the hanger

Therefore,

But

Therefore 

Where r = distance from the pivot to the rectangular surface.
h1= depth of water surface from the top of the rectangular surface.
𝜽 = angle of inclination of rectangular surface.
[bookmark: _Toc515164600]APPARATUS:
Figure 1 is a sketch of the device used to measure the center of pressure on a submerged vertical surface. It consists of an annular sector of solid material attached to a balance beam. When the device is properly balanced the face of the sector that is not attached to the beam is directly below (coplanar) with the pivot axis. The solid sector and the balance beam are supported above a tank of water.
This moment was measured experimentally by applying weights to the weight hanger mounted on an arm on the opposite side of the quadrant tank. The head of water in the tank is measured directly against a transparent scale mounted on the apparatus. A specially constructed equipment called centre of pressure apparatus was used in this experiment. It enables the measurement of necessary parameters for determination of locating the centre of pressure.
The apparatus permits the movement due to the total fluid thrust on an wholly or partially submerged plane surface to be measured directly and compared with theoretical analysis.
The water is contained in a Perspex quadrant, the cylindrical sides of which have their axes coincidental with the centre of rotation of the tank assembly. The total fluid pressures on these curved surfaces therefore exert no moment about the centre, the only moment present being that due to the fluid pressure on the plane test surface. This moment is measured experimentally by applying weights to the weight hang
A second tank located on the same side of the assembly as the weight hanger provides a trimming facility and enables different angles of balance to be achieved.
[bookmark: _Toc515164601]PROCEDURE:
The apparatus was set up as shown in figure 1 and the submerged plane was brought to the vertical position (i.e. 𝜽=0o). This alignment of the submerged plane with the vertical position was achieved by pouring water into the trimming tank until the desired position was achieved. Then the protractor assembly was coincided against the zero line on the back scale on the board of apparatus. After trimming, the tank assembly was set so that the centre of the rolling radius lined up with the vertical line on the back panel. The hanger was added to the quadrant and heights h1 and h2 were then taken note of. Thereafter, a 50g weight was added to the hanger to give a total weight of 350g and water was poured into the quadrant tank until a 𝜽=0 balance was restored. The weight and the readings of the heights h1 and h2 were taken note of. The procedure was repeated for the weights w=400g, 450g and 500g.
Again, with the weight hanger alone in position, the assembly was trimmed by adding water to the trim tank until a balance at 𝜽=20o was achieved. The procedure was repeated for the angle at 30o and the readings collected were tabulated as shown in the data collection.





[bookmark: _Toc515164602]DATA COLLECTION AND ANALYSIS
Table 1 showing values of h1, h2 and h obtained at various angles.

	At 0 degrees

	Result No.
	h1
	h2
	

	
F =A
	


= 
	

	

(Theory)
	W
	
y =  
	

	

(Expt)
	% Error

	
	160
	200
	180
	13.24
	180
	4.63
	184.63  
	0.49
	9.25
	160
	69.25
	62.15

	
	141
	200
	170.5
	12.54
	170.5
	4.89
	175.39
	0.98
	19.54
	141
	60.54
	65.48

	
	128
	200
	164
	12.07
	164
	5.08
	169.08
	1.47
	30.45
	128
	58.45
	65.43

	
	116
	200
	158
	11.62
	158
	5.27
	163.27
	1.96
	42.17
	116
	58.17
	64.37






	At 10 degrees

	Result No.
	h1
	h2
	

	
F =A
	


= 
	

	

(Theory)
	W
	
y =  
	

	

(Expt)
	% Error

	
	148
	200
	174
	12.8
	176.68
	4.71
	181.39
	0
	0
	150.28
	50.28
	72.28

	
	132
	200
	166
	12.21
	168.56
	4.94
	173.5
	0.49
	10.03
	134.04
	44.07
	74.6

	
	120
	200
	160
	11.77
	162.47
	5.13
	167.6
	0.98
	20.82
	121.85
	42.67
	74.54

	
	110
	200
	155
	11.4
	157.39
	5.29
	162.68
	1.47
	32.24
	111.7
	43.94
	73.0

	
	98
	200
	149
	10.96
	151.3
	5.51
	156.81
	1.96
	44.71
	99.51
	44.22
	71.8



	At 20 degrees

	Result No.
	h1
	h2
	

	
F =A
	


= 
	

	

(Theory)
	W
	
y =  
	

	

(Expt)
	% Error

	
	127
	200
	163.5
	12.03
	173.99
	4.79
	178.78
	0
	0
	135.15
	35.15
	80.3

	
	116
	200
	158
	11.62
	168.14
	4.96
	173.1
	0.49
	10.54
	123.44
	33.98
	80.2

	
	105
	200
	152.2
	11.2
	161.97
	5.14
	167.11
	0.98
	21.88
	111.74
	33.62
	79.8

	
	95
	200
	147.5
	10.85
	156.97
	5.31
	162.28
	1.47
	33.87
	101.1
	34.97
	78.6

	
	84
	200
	142
	10.45
	151.11
	5.51
	156.62
	1.96
	46.89
	89.39
	36.28
	76.8

	At 30 degrees

	Result No.
	h1
	h2
	

	
F =A
	


= 
	

	

(Theory)
	W
	
y =  
	

	

(Expt)
	% Error

	
	108
	200
	154
	11.33
	177.82
	4.69
	182.51
	0
	0
	124.71
	24.71
	86.5

	
	97
	200
	148.5
	10.93
	171.47
	4.86
	176.33
	0.49
	11.21
	112.01
	23.22
	86.8

	
	86
	200
	143 
	10.52
	165.12
	5.05
	170.17
	0.98
	23.29
	99.30
	22.59
	86.7

	
	76
	200
	138
	10.15
	159.35
	5.23
	164.58
	1.47
	36.21
	87.76
	23.97
	85.4

	
	66
	200
	133
	9.79
	153.58
	5.43
	159.01
	1.96
	50.05
	76.21
	26.26
	83.5




All linear dimensions in mm, Force in N and angles in (0). For the equipment used, l=10cm, b=7.5cm, r=10cm, s=25cm.
[bookmark: _Toc515164603]DATA ANALYSIS
Sample calculations
For  = 0
1.) 
 




2.) 
 
 
3.) 
 
 

4.)   
 
 
5.)
 
 

6.) 
 
 
7.) 

8.) 
 

9.)
 
 


10.) 
 
 
 

11.) 
 
 
[bookmark: _Toc515164604]DISCUSSION:
The experiment was done according to the procedure given by the demonstrator. The results obtained were tabulated in the table 1 and analysed.
However, like in every experiment errors were expected and this was observed by the inconsistence in the percentage errors obtained.
The sources of errors to the experiment could have been as a result of parallax and end point errors when taking measurements. Furthermore, difficulties in balancing the water in the apparatus and also levelling of the apparatus could have contributed to the errors. Also the vibrations of the bench on which the apparatus was resting could have negatively affected the results obtained. This is due to the fact that the students were leaning against the bench.
From the graphs plotted using obtained values for the angles 0, 10, 20 and 30, a linear relationship was observed. Ideally the gradients should have been equal but due to the above mentioned errors, the gradients showed deviation.

[bookmark: _Toc515164605]CONCLUSION:
From the lab done and the results obtained, it can be concluded that the centre of pressures of a wholly or partially submerged body were determined and were compared to the theoretical values. In addition, it can be said that the centre of pressure always acts at appoint below the centroid of an area of a body. Nevertheless, the experiment was done successfully and the centre of pressure for a wholly or partially submerged surface was determined.

[bookmark: _Toc515164606]RECOMMENDATIONS:
To improve the accuracy in the readings of the experiment recommendations can be made in that the experimental setup should be replaced by a new and latest one. This is because the apparatus used was leaking and thus the results obtained differed from the actual results that could have been obtained with new equipment.

[bookmark: _Toc515164607]REFERENCES:
1. Massey B.S. (1989), Mechanics of fluids, 6th edition, Van Nostrand Reinhold (international)
2. Rajput R. K. (2006), Fluid Mechanics, S. Chand Company, Ram Nagar, India.
3. White M.F. (1979), Fluid Mechanics, Johannesburg, South Africa.
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