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Objective: To test the theory of hydrostatics for force and pressure center on a submerged plane
surface.

Background: This experiment is designed to illustrate hydrostatic pressure distributions and hydrostatic
forces on plane surfaces. '

e Hydrostatic pressure distributions- in static fluids pressure varies only with vertical distances and
is independent of the shape of the container. The pressure is the same at all points ona given
horizontal plane in the fluid. The pressure increases with depth in the fluid.

P= pgy+ Paum

e Hydrostatic forces on plane surfaces- the ﬂdid pressure acts normal to the surface of an object
and is positive in compression. Integration of the pressure over a submerged surface yields the
hydrostatic pressure force acting on the submerged surface. The resultant moment about a
specific point can be obtained from the calculated force and the center of pressure.

Frn= yheeA
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Equipmefit:

Torroid device- The torroid device consisted of a level, balance, weight hanger,. The balance was made

up of the torroid, which was balanced so that the face of the torroid was vertical with no water present,

and an area for mass to counter the moment caused by the hydrostatic force on the vertical face of the
torroid. o

Precision depth measuring device- A device that enabled us’j tg;e measurements of the height of the

water, within a tenth of a millimeter.
&

Symbols Definitions: p = density g = gravitational constant y = vertical distance‘ﬂaelow the free surfaceT
Fh = horizontal force on the plane. y = gamma = pg |
hc = the distance from the surface té the plate centroid.

*See Figure 1 for schematic diagram. *

Procedure:

With the tank empty, we calibrated the balance arm so that the balance arm was horizontal.
We filled the tank so that the water level was even with the top edge of the torroid.

3. We then added mass to the balance to level the system again. We also recorded the level of the
water. This level we set to a specific height so that all other measurements would relate to this
first measurement.

4. We then chose an amount of mass to remove from the balance and removed it. Then we leveled
the system by removing water from the system.

5. We repeated this step for the rest of the data points. Each time we tried to choose weights in
order to get equal amounts of change in the water height.



Figure 1
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Discussion and Error Analysis

e There is a hydrostatic pressure force acting on the circular surface of the torroid. The equivalent

force (equivalent to the distributed pressure loading on the surface) will act in a direction
perpendicular to the curved surface of the torroid at the location through which it acts. By
definition, the center of pressure will lie on this equivalent force’s line of action. Geometrically,
the curved surface of the torroid is an arc on which all the points are the same, constant radial
distance from the hinge on which the torroid is mounted, similar to a circle. If the resultant force
Iine&fmm“lt‘ﬁe hydrostatic pressure is normal to the surface of the torroid, it is also normal to a
tangent line at the edge of the circle. Tangent lines of a circle always intersect radial lines
extending to the point of tangency at a right angle. This means that the hydrostatic pressure
force acting on the curved surface is coincident with the line extending from the hinge to the
point where the equivalent hydrostatic pressure force acts. This means that the moment arm of
this hydrostatic pressure force on the curved surface is zero, and therefore no moment is
generated by the pressure force on the curved surface.
One of the major sources of error is the inherent limitation of the measuring devices we used.
For instance, the leveling bubble is a qualitative measurement of the angle of elevation relative
to the direction of gravity. It is not certain that each trial found the same exact point of balance
with only the use of that bubble level. We also used tools like rulers to measure the dimensions
of the water level and the geometric properties of the torroid apparatus. Since these errors will
Cause variations in an unknown “direction” (ie positive or negative) they fall into the category of
random error.

o The device used to measure the height of the water allowed us to accurately measure to

one tenth of a millimeter. Therefore Ah = 0.05 mm.
o The device used to measure the geometric properties of the system was accurate to the
millimeter, therefore Ax =0.5 mm.



