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Fluid Mechanics
(C13 ­ Red (Page 265))
(C11 ­ CJ (page 300))

Fluid Mechanics ­ the study of how fluids behave
                           ­ fluids are materials that can flow and they include
                             both gases and liquids.

Fluid Mechanics

Hydrostatics Hydrodynamics
(study of fluids that do not move) (study of fluids in motion)
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Mass Density

­ definition: mass per unit volume
­ factor that determines the behavior of a fluid
­ represented by the Greek letter rho (ρ)

ρ ­ mass density (kg/m3)
m ­ mass (kg)
V ­ volume (m3)

* Density does not depend on the amount of material that you have ­ the density of a teaspoon of
   tea is the same as the density of the tea filling a swimming pool.

Handout ­ Densities (Cutnell­ Johnson)
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Weight and Mass Density

Weight can be calculated from mass density, volume and the 
acceleration due to gravity.
Example ­ The body of a man whose weight is 690 N contains 
about 5.2 x 10­3 m3 of blood.  (ρblood = 1060 kg/m3)

a) Find the blood's weight.  (54 N)
b) Express the blood's weight as a percentage of the body's 
    weight.  (7.8%)
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Specific Gravity

The specific gravity or relative density of a substance is the 
ratio of a substance's density to the density of a standard 
reference material.  Water at 4oC is often used as the reference 
material.

specific gravity = density of substance
                             density of water at 4oC
   
specific gravity = density of substance
                              1.000 x 103 kg/m3

* Specific gravity has no units.
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Pressure
The pressure exerted by a fluid is defined as the magnitude of the 
force acting perpendicular to a surface divided by the area over 
which the force acts.  Pressure itself is not a vector quantity.  It has 
no directional characteristic.

P = F
      A

P ­ pressure (Pa)
F ­ magnitude of force (N)
A ­ area (m2)

1.013 x 105 Pa = 1.0 atm = 760 torr = 14.70 lb or psi
                                                                      in2

1 Pa = 1 N
              m2

NOTE

A F F
A
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Pressure ­ Balloon Demo
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Pressure and Depth in a Static Fluid

P1 = F1
        A
F1= P1A
      

(P1 ­ fluid pressure)

F2= P2A
      

P2 > P1

The bottom surface supports the weight
of more fluid than the top.  The excess 
weight is the weight of the fluid in the 
column.h

The fluid in the column is in equilibrium.

Fnety = 0

P2A ­ P1A ­ mg = 0

P2A = P1A + mg 

P2A = P1A + ρVg 

P2A = P1A + ρ(Ah)g 

hydrostatic pressure equation

P2 = P1 + ρgh 
absolute pressure gauge pressure

P2 ­ pressure at lowest level (Pa)
P1 ­ pressure at highest level (Pa)
ρ ­ density of fluid (kg/m3) ­> Assuming an incompressible fluid
g = 9.80 m/s2
h ­ vertical distance between levels (m)

The pressure at a surface exposed to air is called atmospheric 
pressure.  It is sometimes represented by Patm.

Patm = 1.01 x 105 Pa

ΔP = ρgh 

F2 ­ F1 ­ W = 0
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The pressure increment ρgh is affected by the vertical distance, h, but 
not by any horizontal distance within the fluid.

Example:

The pressure 100 m below the surface of the ocean is the 
same as the pressure at the bottom of a hypothetical soda 
straw that is 100 m long and filled with water.

The pressure at the bottom of each container is the same.

Example:
http://www.youtube.com/watch?v=e6_DDx07JJM

http://www.youtube.com/watch?v=e6_ddx07jjm
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Example:
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Assume the container is open to the atmosphere.
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Science 122


Fluid Mechanics


Problems – Pressure and Depth in a Static Fluid


(Cutnell – Chapter 11)


1. An airtight box has a removable lid of area 1.3 x 10-2 m2 and negligible weight.  The box is taken up a mountain where the air pressure outside the box is 0.85 x 105 Pa.  The inside of the box is completely evacuated.  What is the magnitude of the force required to pull the lid off the box?  (1.1 x 103 N)


2. United States currency is printed using intaglio presses that generate a printing pressure of 8.0 x 104 lb/in2.  A $20 bill is 6.1 inches by 2.6 inches.  Calculate the magnitude of the force that the printing press applies to one side of the bill.        (1.3 x 106 lb)


3. High-heeled shoes can cause tremendous pressure to be applied to a floor.  Suppose the radius of a heel is 6.00 x 10-3 m.  At times during a normal walking motion, nearly the entire body weight acts perpendicular to the surface of such a heel.  Find the pressure that is applied to the floor under the heel because of the weight of a 50.0 kg woman.  (4.33 x 106 Pa)


4. A solid concrete block weighs 169 N and is resting on the ground.  Its dimensions are 0.400 m x 0.200 m x 0.100 m.  A number of identical blocks are stacked on top of this one.  What is the smallest number of blocks (including the one on the ground) that can be stacked so that their weight creates a pressure of at least two atmospheres on the ground beneath the first block?  (24)


5. A cylinder is fitted with a piston, beneath which is a spring, as in the diagram.


The cylinder is open at the top.  Friction is absent.  The spring constant of the spring is 3600 N/m.  The piston has a negligible mass and a radius of 0.025 m.


a) When air beneath the piston is completely pumped out, how 


       much does the atmospheric pressure cause the spring to compress? 


       (0.055 m)


b) How much work does the atmospheric pressure do in compressing 


The spring?  (5.4 J)


6. A cylinder (with circular ends) and a hemisphere are solid throughout and made from the same material.  They are resting on the ground, the cylinder on one of its ends and the hemisphere on its flat side.  The weight of each causes the same pressure to act on the ground.  The cylinder is 


       0.500 m high.  What is the radius of the hemisphere?  (0.750 m)


7. Some researchers believe that the dinosaur Barosaurus held its head erect on a long neck, much as a giraffe does.  If so, fossil remains indicate that its heart would have been about 12 m below its brain.  Assume that the blood has the density of water, and calculate the amount by which the blood pressure in the heart would have exceeded that in the brain.  (1.2 x 105 Pa).


8. At a given instant, the blood pressure in the heart is 1.6 x 104 Pa.  If an artery in the brain is 0.45 m above the heart, what is the pressure in the artery?  Ignore any pressure changes due to blood flow.  (1.1 x 104 Pa).


9. The Mariana trench is located in the Pacific ocean at a depth of about 11000 m below the surface of the water.  The density of seawater is 1025 kg/m3.


a) If an underwater vehicle were to explore such a depth, what force would the water exert on the vehicle’s observation window (radius = 0.10 m)?  (3.5 x 106 N)


b) For comparison, determine the weight of a jetliner whose mass is 1.2 x 105 kg.  


       (1.2 x 106 N)


10. A water tower is a familiar sight in many towns.  The purpose 


       of such a tower is to provide storage capacity and to provide 


       sufficient pressure in the pipes that deliver the water to customers. 


       The drawing shows a spherical reservoir that 


       contains 5.25 x 105 kg of water when full.  


       The reservoir is vented to the atmosphere 


       at the top.  For a full reservoir, find the 


       gauge pressure that the water has at the faucet 


       in:


a) house A  (2.45 x 105 Pa)


                  b)   house B  (1.73 x 105 Pa)


              Ignore the diameter of the delivery pipes.


11. The human lungs can function satisfactorily up to a limit where the pressure  


       difference between the outside and inside of the lungs is one-twentieth of an


       atmosphere.  If a diver uses a snorkel for breathing, how far below the water can   


       she swim?  Assume the diver is in salt water whose density is 1025 kg/m3.  


       (0.50 m)


12. A mercury barometer reads 747.0 mm on the roof of a building and 760.0 mm on the ground.  Assuming a constant value of 1.29 kg/m3 for the density of air, determine the height of the building.  Note: 133 Pa = 1 mm Hg.  (137 m)


13. Mercury is poured into a tall glass.  Ethyl alcohol is then poured on top of the mercury until the height of the ethyl alcohol itself is 110 cm.  The two fluids do not mix, and the air pressure at the top of the ethyl alcohol is one atmosphere.  What is the absolute pressure at a point that is 7.10 cm below the ethyl alcohol-mercury interface?  (1.19 x 105 Pa)


14. A 1.00 m tall container is filled to the brim, partway with mercury and the rest of the way with water.  The container is open to the atmosphere.  What must be the depth of the mercury so that the absolute pressure on the bottom of the container is twice the atmospheric pressure?  (0.74 m)


B







A







7.30 m







15.0 m
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