SAMPLE HOMEWORK OF FLUIiD MECHANICS

What is Hydraulic Jacks

A consequence of the pressure in a fluid remaining constant in the horizontal direction is that
the pressure applied to a confined fluid increases the pressure throughout by the same amount.
This is called Pascal’s law, after Blaise Pascal (1623-1662). Pascal also knew that the force
applied by a fluid is proportional to the surface area. He realized that two hydraulic cylinders
of different areas could be connected, and the larger could be used to exert a proportionally
greater force than that applied to the smaller. “Pascal’s machine” has been the source of many
inventions that are a part of our daily lives such as hydraulic brakes and lifts. This is what
enables us to lift a car easily by one arm, as shown in Fig.1. Noting that P1 = P2 since both
pistons are at the same level (the effect of small height differences is negligible, especially at
high pressures), the ratio of output force to input force is determined to be
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The area ratio A2 /A1 is called the ideal mechanical advantage of the hydraulic lift. Using a
hydraulic car jack with a piston area ratio of Az /A1 = 10, for example, a person can lift a 1000-
kg car by applying a force of just 100 kgf (= 908 N).

Figure 1. Lifting of a large weight by a small force by the application of Pascal’s law.

The required equality of pressures at equal elevations throughout a system is important for the
operation of hydraulic jacks (Fig.2a), lifts, and presses, as well as hydraulic controls on aircraft
and other types of heavy machinery. The fundamental idea behind such devices and systems is
demonstrated in Fig. 2b. A piston located at one end of a closed system filled with a liquid, such
as oil, can be used to change the pressure throughout the system, and thus transmit an applied
force F;to a second piston where the resulting force is F2. Since the pressure p acting on the



faces of both pistons is the same (the effect of elevation changes is usually negligible for this
type of hydraulic device), it follows that
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The piston area A, can be made much larger than Az and therefore a large mechanical advantage
can be developed; that is, a small force applied at the smaller piston can be used to develop a
large force at the larger piston. The applied force could be created manually through some type
of mechanical device, such as a hydraulic jack, or through compressed air acting directly on the
surface of the liquid, as is done in hydraulic lifts commonly found in service stations.
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Fig 2. (a) Hydraulic jack, (b) Transmission of fluid pressure.



