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LAB EXPERIMENT - CENTER OF PRESSURE

· Objective of Lab
1 To determine the centre of pressure of a wholly submerged body and to compare these with theoretically obtained values. 
 2 To estimate relative errors in the determining of centre of error
· Description of 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.

· Theory of Lab
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.  Consider the problem of determining the force exerted by a fluid on anybody.  On each elemental surface area dA of the body will be exerted a normal hydrostatic force (hdA, h being the depth of that element below the surface.  The resultant hydrostatic force could be considered as acting at a single point of the surface.  This point on the surface of the body is called the center of pressure.

Theory shows that   
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 distance from O to the centroid CG of the surface.
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= Second moment of area of immersed surface about the horizontal axis through CG.
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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 
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Where r = distance from pivot to rectangular surface
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 = depth to water surface from top of rectangular surface
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=angle of inclination of rectangular surface

· Procedure of the Lab
The freestanding unit should be placed near a water tap to minimize spillage of water.  Initially, and after setting the quadrant in the chosen angular position, a preliminary balance must be made using the empty weight hanger and the adjustable beam jockey weight.

Subsequent results are taken by balancing incremental weights placed on the hanger with extra quantities of water.  It is convenient to add the water from a small-lipped measuring cylinder, and any surplus can be removed with a tube.

Because the equipment is quite compact, students should get into five groups, and each group will make one measurements as follows:

Group 1at 0 degrees inclination, group 2 at 10 degrees, group 3 at 20 decrees. Group 4 at 30 degrees and group 5 at 40 degrees.

Present the entries as shown in the table below.

	Result No.
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Note

For the equipment used,

L= 10 cm

b= 7.3 cm

r= 10 cm.

s= 25 cm

Give a visual display of relationship between the observed and theoretical values of the center of pressure xp by giving a plot of the experimental value against the theoretical value.

· DATA AND CALCULATION

•l=0.1m   b=0.073m r=0.1m   s=0.25m

•Angles, 0◦, 10◦, 20◦
•Area =length*breadth
          =0.1×0.073

          =0.0073m2
•masses = 50g, 100g, 200g

              =0.05kg, 0.1kg, 0.2kg

•Weight=mass*gravity                             

W =mg 
W1 =0.05×9.81                                            W2 =0.1×9.81                            W3 =0.2×0.981                
W =0.4905N                                                W =0.981N                                W =1.962N
Moment of Inertia

•ICG =bl3/12
      =0.073×0.13/12

       =6.08×10-6m4
•h = h2-h1/2
H2 = 200 * cosθ 
 Hc = (h2 – h1)/ 2 + h1 

· DATA COLLECTION AND RESULTS
Three trails were taken and tabulated as shown below
	Result No.
	(
(o)
	h1
(m)

	h2
(m)
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(Expt)
	% Error

	1

2

3
	0

0

0
	0.066

0.078

0.098
	0.20

0.20

0.20
	0.067

0.061

0.051
	4.80

4.37

3.65
	0.067

0.061

0.051
	0.0124

0.0137

0.0163
	0.0794

0.0747

0.0673
	0.4905

0.981

1.962
	0.026

0.056

0.134
	0.066

0.078

0.098
	0.008

0.034

0.132
	23.9
9.10

3.90

	1

2

3
	10

10

10
	0.070

0.082

0.0102
	0.20

0.20

0.20
	0.065

0.059

0.095
	4.65

4.23

6.80
	0.066

0.060

0.096
	0.0126

0.0139

0.0087
	0.0786

0.0739

0.1047
	0.4905

0.981

1.962
	0.027

0.058

0.072
	0.071

0.083

0.010
	0.002

0.041

0.018
	28.9
14.5

5.23

	1

2

3
	20

20

20
	0.076

0.086

0.0104
	0.20

0.20

0.20
	0.062

0.057

0.095
	4.44

4.08

6.80
	0.066

0.061

0.101
	0.0126

0.0137

0.0082
	0.0776

0.0747

0.1092
	0.4905

0.981

1.962
	0.028

0.060

0.072
	0.081

0.092

0.011
	0.009

0.052

0.017
	35.4

22.1

13.3


Note: S = 20.3mm, IW =100mm, B = 75mm, R1 = 100mm.  
For the partially submerged surface hc is: 

hc = ( h2 – h1)/ 2 + h1 
· and for a fully submerged surface hc is: 

hc = (Rcosθ + h2 – 2h1)/2 + h1.
· DATA CHARTS

Experimental Vs. Theory Results
1.
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2.
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3.
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· DISCUSSION
 In our experiment, errors may appear from the old tool we were using, also, formula errors have a big effect in the values, and digits affect the accuracy of the results. It could also be from reading data as the high h, or there are some leavings such as calcium and acetate or there are impurities in the water that was used so it can effect in reading data and made some error in experiment or in estimating when balance occurred when adding water. 
All of these and may be more may have an effect on our results but in general the experiment was made in a good way. The experiment was carried out and the values obtained were used to plot the graphs that are shown above to give a visual display of the relationship between the theoretical and the experimental method of finding the pressure center. 

However, it can be said that the experiment was not a success because the error obtained from the calculation was too large to accept the difference in the two methods used for calculating the center pressure. It was believed that the large difference between the two center pressures obtained by the two method was because the students were not correctly informed that h2 was not constant and this was only discovered after analyzing the data collected from the experiment. The other source of error could be that there was parallax error when reading the values of h2 and there was inaccuracy due to human error. 
Despite having such errors in the results, it was established that the center pressure could never be above the centroid of the plane.
· CONCLUSION
Despite, the primary objective of the experiment been done, the experiment was not fully successful as the objective of finding the center pressure was not achieved due to the fact that there was a large percentage error between the center pressures found by using the two procedures. It was also concluded that the center pressure of the plane will always be below the centroid of the plane been analyzed.
· RECOMMENDATION
To best prevent errors and hence attain findings that are more accurate during the experimental trials, it would be of high recommendation to avoid any spillage of water caused by rapid pouring into the apparatus. Also by avoiding parallax errors when taking readings from the apparatus
· REFERENCE
1.. Munson, Bruce R., Young, Donald F., Okiishi, Theodore H., Huebsch, Wade W,(Fundamentals of Fluid Mechanics), Sixth Edition, John Wiley & Sons Publishers.

2. A Textbook of Fluid Mechanics and Hydraulic Machines (by R. K. Rajput) .
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