 PHYSICS 100 FLUIDS

A fluid is a state of matter that flows.  Liquids and gases have weak intermolecular forces that permit them to assume any shape.   Since we cannot describe the motion of an individual molecule well, we use macroscopic averages such as pressure and density.  Pressure is the force per cross sectional area.  Density is the concentration of mass per volume.  
(1)
P = F/A

(2)
D = m/V

Pascal’s principle states that the pressure applied to a fluid gets transmitted uniformly throughout the fluid in all directions.  The force per area is a constant for a fluid at the same height or depth.
(3)         F
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A major application of Pascal’s principle is the hydraulic jack.  A modest force acting on a fluid in a small wire can generate a very large force in a lifting cylinder.
Atmospheric pressure results from the sea of air above us that has a weight per area of 101.3KPa or 14.3 psi.  As you climb a mountain, the atmospheric pressure decreases because there is less air above you pushing down.  As you descend below the water, the pressure increases by one atmosphere for every 10 meters of depth.  The variation of pressure as a function of height or depth is:

(4)
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P = Dgh 


h is the difference in height and g is the gravitational acceleration constant.
For a gas at constant temperature, Boyle’s law states that the product of pressure times 

volume is constant.  

(5)
P
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Archimedes' principle states that buoyant force on a solid is equal to the weight
of the fluid that the solid displaces.  For a solid that is less dense than the fluid, the object 

will float and the buoyant force will equal the weight of the object.  The percentage of the 

object that is below the fluid is equal to the ratio of the object’s density to the fluid’s 

density.

(6) % submerged = D
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For an object that is denser than the fluid, it will sink and its apparent weight would decrease by the buoyant force of the completely submerged object.  For an object whose
density is equal to the fluid, it will be weightless and neutrally buoyant at any depth below the fluid.  This neutral buoyancy is the condition sought by submarines and divers.  

For a continuous flow, the fluid volume per time is constant.

(7)
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 is the velocity and A is the perpendicular area

If you cover the end of a hose with your thumb, you reduce the area causing an increase in the speed of the stream.

Bernoulli’s principle states that for horizontal incompressible flow with negligible viscosity and turbulence, the energy per volume of the fluid is constant.
(7) P
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The air flowing around the top surface of the wing flows faster around this longer path than the air flowing around the bottom of the wing.  This causes the pressure under the wing to be larger than the pressure over the top of the wing leading to lift.  This same principle explains the lift on a sail or a spinning blade.
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