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INTRODUCTION
Pressure is defined as force per unit area. In fluids, this pressure is called Hydraulic Pressure and it is responsible for large hydrostatic forces which act on all surfaces submerged in fluids. For design purposes, these pressure induced forces need to be determined, and there point of action on surfaces. This point of action of fluid forces is what is referred to as the Center of pressure. This lab will focus on finding this point.
AIM
· To find the center of pressure on submerged surfaces.
OBJECTIVE
1. To measure the center of pressure of a vertical plane at various depths of immersion
2. Measure the center of pressure of the general case of a plane area at various depths of immersion 
THEORY
Consider the figure below;
[image: ]
The total force acting on the surface can be found by integration of pressure over entire area as. Assuming that P=0 at h=0, we know that
, 	where h his measured vertically down from the free surface to the elemental area
dA and y is measured from point O on the free surface. The force may then be expressed as 
But distance to the centroid of shapes is given as; , thus the above equation becomes 
Thus the force on submerged surfaces is equal to the pressure at their centroids multiplied by the area.
However, this force does not necessarily act on the centroid of the surface but the center of pressure. This center can be determined noting that the sum of moments of all infinitesimal pressure forces on the body is equal to the moment due to the resultant force. This is expressed as below. 
Let ( be the center of pressure. Then

Thus we have that, 
Similarly, taking moments about the y-axis, we obtain 
Using these equations, it can be shown that the force acts two-third below a rectangular surface. And that it acts in at the centroid of the pressure prism.
[image: ]
Experimental determination xp
For equilibrium of the experimental apparatus, moments about the pivot P give:
F y=W s.
Where y= distance from pivot to center of pressure
         W= Weight added to hanger 
          s = distance from pivot to hanger

Therefore  

But            

Therefore 
Where r = distance from pivot to rectangular surface


          = depth to water surface from top of rectangular surface

          =angle of inclination of rectangular surface
APPARATUS
The apparatus permits the moment due to the total fluid thrust on a wholly or partially submerged plane surface to be measured directly and compared with theoretical analysis.  Provision is made for varying the inclination with the vertical of the plane surface subjected to the fluid pressure so that the general case may be studied.
The water is contained in a Perspex quadrant, the cylindrical sides of which have their axes coincidental with the knife-edged fulcrum about which the turning moments are measured.  The total fluid pressures on these curved surfaces therefore exert no moment about the fulcrum, the only moment present being that due to the fluid pressure on the plane test surface.  This moment is measured simply by weights suspended from a level arm.  The head of water is measured directly against a transparent scale mounted on the apparatus.

METHODOLOGY 
The free standing unit was placed near a water dish to minimize spillage of water.  Initially, and after setting the quadrant in the chosen angular position, a preliminary balance was made using the empty weight hanger and the adjustable beam jockey weight. Then incremental weights were placed on the hanger with extra and then balanced with extra quantities of water from a lipped cup.  This was repeated for 0 degrees inclination, 10 degrees, 20 decrees inclination.
The results were obtained as from the diagram below.
DATA COLLECTION
The following table shows results collected.
Table 1.1 DATA COLLECTED 
	Trial 
	mass 
	angle 
	h1
	h2 
	

	
 F =A
	


 =
	
 
	
 
(Theory)
	 W
	

	

	

(Expt) 
	% Error 

	1




	50
	0
	160
	200
	0.02
	0.573
	0.02
	0.0067
	0.0267
	0.491
	0.214
	0.16
	0.274
	-9.28

	
	100
	0
	142
	 
	0.029
	1.205
	0.029
	0.0097
	0.0387
	0.981
	0.204
	0.142
	0.246
	-5.35

	
	150
	0
	128
	 
	0.036
	1.856
	0.036
	0.0120
	0.0480
	1.472
	0.198
	0.128
	0.226
	-3.71

	
	200
	0
	118
	 
	0.041
	2.408
	0.041
	0.0137
	0.0547
	1.962
	0.204
	0.118
	0.222
	-3.06

	
	250
	0
	106
	 
	0.047
	3.164
	0.047
	0.0157
	0.0627
	2.453
	0.194
	0.106
	0.200
	-2.19

	2




	50
	10
	158
	197
	0.021
	0.632
	0.021
	0.0069
	0.0282
	0.491
	0.194
	0.160
	0.255
	-8.02

	
	100
	10
	138
	 
	0.031
	1.376
	0.031
	0.0102
	0.0417
	0.981
	0.178
	0.140
	0.218
	-4.24

	
	150
	10
	128
	 
	0.036
	1.856
	0.037
	0.0118
	0.0484
	1.472
	0.198
	0.130
	0.228
	-3.72

	
	200
	10
	118
	 
	0.041
	2.408
	0.042
	0.0135
	0.0551
	1.962
	0.204
	0.120
	0.224
	-3.06

	
	250
	10
	104
	 
	0.048
	3.300
	0.049
	0.0158
	0.0645
	2.453
	0.186
	0.106
	0.191
	-1.97

	3




	50
	20
	148
	190
	0.026
	0.968
	0.026
	0.0085
	0.0349
	0.491
	0.127
	0.157
	0.184
	-4.27

	
	100
	20
	130
	 
	0.035
	1.755
	0.036
	0.0115
	0.0470
	0.981
	0.140
	0.138
	0.178
	-2.79

	
	150
	20
	118
	 
	0.041
	2.408
	0.042
	0.0135
	0.0551
	1.472
	0.153
	0.126
	0.178
	-2.24

	
	200
	20
	110
	 
	0.045
	2.900
	0.046
	0.0148
	0.0605
	1.962
	0.169
	0.117
	0.186
	-2.08

	
	250
	20
	100
	 
	0.05
	3.581
	0.051
	0.0164
	0.0672
	2.453
	0.171
	0.106
	0.178
	-1.64



DATA ANALYSIS (SAMPLE CALCULATIONS)
CALCULATIONS OF CENTROID OF SUBMERGED AREAS.

Trial 1

	 
Similarly, the centroids of surfaces submerged at each weight increment were calculated in the same manner and recorded in t table 1.1 above.
FORCE CALCULATIONS



CALCULATIONS OF 

WEIGHT CALCULATIONS 

CALCULATIONS OF y

CALCULATIONS OF Xp experiment


CALCULAION  


CALCULATION OF Xp theory

%ERROR





DISCUSSION 
A number of errors were encountered in this lab. Most of which could be attributed to parallax and systematic errors. These could have led to the differences in the centroidal distance Xp determined from the experiment and that of found by applying theory. These disparities were very much visible in the graphs plotted above section.
CONLUSION
The experiment aimed at locating the center of pressure. This was successfully done for each inclination at each weight increment. For instance, for 0 degrees inclination, 50g weight, both the experimental and the theoretical center of pressure were found to be 0.274M and 0.0267, respectively, giving an error of -9.28%. It was observed this center of pressure lay below the centroid of the submerged surfaces, which agrees with what was expected from theory.
RECOMMENDATIONS
One major recommendation; Let the equipment be improved.
BIBLIOGRAPHY
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Graph of Experimental Xp VS theoretical XP
(@0 degrees)

Graph of Experimental Xp VS theoretical XP	2.6666666666666672E-2	3.8666666666666683E-2	4.8000000000000008E-2	5.4666666666666676E-2	6.2666666666666676E-2	0.27404109589041092	0.24560627433094961	0.22618619989852864	0.22172739644536432	0.19979003702164866	Xp theoretical


Xp experimental



Graph of Xp experimental VS Xp theoretical
(@10 degrees inclination)

2.8199999999999999E-2	#N/A	#N/A	#N/A	6.4500000000000002E-2	0.255	#N/A	#N/A	#N/A	0.191	2.8217613120686109E-2	4.1654571749584243E-2	4.8373051064033321E-2	5.5091530378482398E-2	6.4497401418711103E-2	0.25457898825201652	0.21831084612631899	0.22816080621990401	0.22354773664788224	0.1914039300409881	Xp experimental VS Xp theoretical	Xp theoretical


Xp experimental 



Graph of Xp expeimental VS Xp theorectical
(@20 Degrees)

Graph of Xp expeimental VS Xp theorectical	3.4936092435135187E-2	4.7029355201143506E-2	5.5091530378482398E-2	6.0466313830041654E-2	6.7184793144490718E-2	0.18414984635626389	0.1781250505951982	0.17836852448618085	0.18617844555242813	0.17765065395992	Xp theoretical (M)


Xp experimental(M)
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