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EXPERIMENT 3. HYDROSTATIC PRESSURE

OBJECTIVE

The purpose of this experiment is to investigate the pressure acting on a submerged surface and to
determine the position of the center of pressure experimentally.

INTRODUCTION

The study of pressure forces acting on plane submerged surfaces is a fundamental topic in the
subject of hydrostatics. It involves assessment of the value of the net thrust and the concept of
center of pressure: both of which are important in the design of innumerable items of hydraulic
equipment and civil engineering projects.

The hydraulic model that we will use for this experiment is the Hydrostatic Pressure Apparatus.
Fig. 3-1 shows a sketch of the apparatus. This device is designed to allow for measurement of

The apparatus
consist of a torroid attached to a balance beam with an inner and outer radii that both pass
through the pivot point.
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Figure 3-1. Hydrostatic Pressure Apparatus

The balance beam incorporates a balance pan. an adjustable counterbalance and an indicator
which shows when the beam is horizontal. The clear acrylic tank may be leveled by adjusting
the screwed feet. Correct alignment is indicated by a circular spirit level mounted on the base
of the tank. Water is admitted to the top of the tank by a flexible tube and may be drained
through a drain valve in the base. The water level is indicated on a scale.
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THEORY

Inasill body into a fiuid. the only external force that exist s the pressure force that acts normal
— Since the inner and out radius of the torroid body pass through the
pivot point. pressure forces acting on the curved surface of the object do not contribute to the
net moment about the pivot. Therefore. the only forces contributing to the moment about the
pivot are due to the counter-weight. W,. the balance pan and any added mass. . and the force
due to the hydrostatic pressure, F. acting on the vertical surface. A. where:

A=(i-m)b  if h<n (face fully submerged)

A=, —hb if h>r, (face partially submerged)

Notice that y = (r; — h), then A = yb when face is partially submerged.

Figure 3-2 shows a schematic of the apparatus with the forces acting on the torroid bo en
there is water in the tank.

Figure 3-2. Schematic views of the Hydrostatic Pressure Apparatus

If the counter weight is set such that the balance beam is horizontal when the torroid is out of
the water and no weight is placed on the balance pan. as in Figure 3-3. then,

WL, = W,L + WLy G.D

— then the moment balance becomes,
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F(y, +h)=WL 62)

‘Where W = mg and m is the added mass.

One of the goals of the laboratory is to experimemally"To do this we use the theoretical
hydrostatic force

F=PA=pgyA (3.3)

where a is the hydrostatic pressure at the centroid of the submerged surface and J is the.

Using this definition for # and Eq. 3.2 we can write an equation for y, in terms of measurable
quantities.

PIYA(Y, +h) = WL (3.4)
mL (3.5)
B!

Denote y, determined with Eq. 3.5 as y ¢, or y, “experimental.”

On the other hand. the distance from the free surface to the center of pressure, V- is
theoretically found as follows,

-5 Lic (3.6)

where I, is the moment of inertia of the submerged surface about the x-axis (passing through
the centroid). and A is the submerged surface area (Potter and Wiggert. 2015). For this lab we
will denote y, determined using Eq. 3.6 as y, . i.e. y, “theoretical.”

We

W,

Figure 3-3. Moment balance when torroid is exposed to the atmosphere
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EXPERIMENTAL PROCEDURE

1. Discuss and determine what information will have to be measured and recorded in order to
obtain F and y,. Remember that you will be collecting data for both a partially and fully submerged
torroid face.

2. Make sure that the torroid is exposed to the atmosphere and that the balance pan is attached to
the balance beam. Adjust the counter-balance weight until the balance arm is horizontal as
indicated on the datum level indicator.

3. Add a small mass (typically 50g) to the weight hanger.

4. Get tap water using a glass vessel and fill up the flotation tank until the balance arm rises. Avoid
wetting the balance arm or the quadrant above the water level in the tank.

5. Continue to add water until the balance arm is horizontal. checking this by aligning the
flat of the balance arm with the central mark on the level indicator.

6.When the arm is horizontal read the depth of immersion from the scale on the face of the
quadrant.

7. Repeat the above procedure for different load increments by adding further weights to
the weight hanger.

8. Continue until the water level reaches the top of the upper scale on the quadrant face.

DATA

7, =200 mm 7, =100 mm b =74 mm L=275mm

Table 3-1. Readings (y and ) from experiment

m (gr) |y (mm) Sully submerged?
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ANALYSIS OF DATA

1.

2.

v

Categorize the data into “Partially Submerged™ and “Fully Submerged.”

For each water depth and mass setting, calculate:
a) The net force acting on the submerge surface. F. in Newtons.
b) The location of the center of pressure, y, “experimental”, using equation 3.5.
) The location of the center of pressure, y, “theoretical”. using equation 3.6.

Complete table 3-2 in Excel. add a column for the error Ay, = yp.tn — Vp.ex for each value
of y.

Plot the net force F as a function of the depth of immersion y.

Plot y, ¢, and Y, ., as a function of'y for both. the fully submerged and partially submerged
cases in the same graph.

Plot Ay, vs. y. for both the fully submerged and partially submerged cases in the same
graph. The plot created is a visual help to show the differences between the two quantities,
Yp.in a0d Yp o -

Table 3-2. Calculation of Vp.ih and Ypex

m v h y A F L Yp.ex Yp.tn
@ | ow | | e | @) | N | ) | o | m

Partially Submerged

Fully Submerged
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ADDITIONAL CALCULATIONS

A =bH Plane surface area

bH? .
I,, = —— Plane surface moment of Inertia
12

H would be the submerged height of the plane surface

DISCUSSION POINTS

1.

v

How does the design of the apparatus enable the resultant force on the vertical surface to
be measured?

Are there any significant forces being neglected?
Is there any difference in the functional variation of force F with respect to y between the
partially and fully submerged cases? If so. what are these differences and what causes

them?

Compare the experimentally measured values of y, with the theoretical ones using the plots
created in your analysis. Are there any differences? If so. what might they be due to?

‘What is the primary trend in Ay, vs. y. Is this what you would expect? Why or why not?
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