Ch. 9 

Fluid Mechanics

Fluids 
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Fluids are materials that flow, which include both liquids and gases.  Liquids have a definite volume but gases do not.  In our analysis of fluids it is necessary to understand the concepts of density and pressure.  With solids it is often convenient to speak in terms of mass and force, whereas with fluids we often speak of density and pressure. 
· Mass density (() of any substance is its mass (m) divided by its volume (V).  The units of density are kg/m3.  The density of water is 1000 kg/m3.  Density is an intrinsic property of matter.  Equal volumes of different substances generally have different masses, so density depends on the nature of the material.
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· Pressure is defined as force per unit area.  Any fluid can exert a force perpendicular to its surface on the walls of its container. The force is described in terms of the pressure it exerts, or force per unit area.  The units of pressure are N/m2 = Pa (pascal).  As shown in the diagram to the right, atmospheric pressure at sea level and 20o C will cause mercury to rise 760 mm in an evacuated tube.  Therefore, one atmosphere (1 atm) of pressure is equal to 760 mm Hg (or torr) which is equal to 101,000 Pa.  
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Pressure in a fluid

· In the presence of gravity, the upper layers of a fluid push downward on the layers beneath it producing pressure within the fluid due to its own weight.  The pressure in a fluid increases with depth because of the additional weight of the fluid above it.  But strange as it might first seem, the increase in pressure only depends upon depth and not volume.  Look at the diagrams below.  The height of the fluid is the same in all three cases because the pressure is the same at equivalent heights even though they have different shapes and volumes. 
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· In an incompressible static fluid whose density is (, the increase in pressure is calculated by (gh ((P=(g(h) with h being the height below the reference point or P=Po+(gh where Po is the pressure at one level and P is the pressure at a level that is h meters deeper.  Po typically refers to the pressure at the surface of the fluid which would be 1atm or 101 kPa.  Gauge pressure is the change in pressure relative to atmospheric pressure (calculated by (P=(g(h).  Absolute pressure is the total pressure in a fluid which must include atmospheric pressure (P=Patm+(gh). 


P=Po+(gh  

· Questions

· Could you drink soda through a straw that is 11 meters tall (assume the density of the soda is the same as water)?
· Could you drink soda through a straw if the soda container were rigid and had an airtight lid?

· Example 1.  Calculate the absolute pressure and gauge pressure at an ocean depth of 1000 m.
Pascal’s principle
· Pascal’s principle states that if the pressure at one point in an incompressible fluid is changed, the pressure at every other point in the fluid changes by the same amount.  Pascal’s principle explains why only a small force is required to lift a massive object with a hydraulic lift.  Look at the diagrams below.  A small force applied to the small piston causes an equivalent increase in pressure at all points in the fluid.  Since the pressure increases by the same amount at the large piston and F=PA, a larger area produces a larger force.  Consequently, the entire weight of the car is supported by a much smaller force. 
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· Because the pressure is equal at equivalent heights, the forces exerted on the pistons are related by F1/A1= F2/A2.  The previous equation can be rearranged to show that the force at the large piston is greater than the force at the small piston by a factor equal to the ratio of the areas of the two pistons.
P1 =P2  
at equivalent heights
  
F1/A1= F2/A2             
F2= F1 A2/A1
· Example 2.  Determine the unknown mass in the diagram below. 
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Archimedes’ Principle
· Since pressure in a fluid increases with depth, an object immersed either partially or completely in a fluid will experience a greater pressure on the bottom than on the top.  Because of this pressure difference, there is a net upward force that a fluid applies to an object in a fluid.  We call this force the buoyant force.   Archimedes’ principle states that the magnitude of the buoyant force equals the weight of the fluid that the immersed object displaces.  

 Fbuoyant=Wdisplaced fluid
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· You should remember from chapter 4 that if an object remains at rest then the net force acting on the object is zero (Newton’s 1st law).  If an object floats, the net force on the object must be zero and the weight of the object must equal the buoyant force which also must equal the weight of displaced fluid.  Diagram 2 below shows how the mass of the wood is equal to the mass of displaced water.
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· Questions

· Would a 1 kg piece of lead sitting on the bottom of the ocean have a greater buoyant force on it than a 1 kg piece of aluminum that also sank to the same depth?    

· What is the buoyant force acting on a thousand ton ship floating in fresh water?   In salt water?   In a lake of mercury?  

· How would the volumes of the displaced liquids compare?  

· Would a ship be able to carry more weight in salt water or fresh water?

· Two solid blocks of identical size are released into a tank of water and sink to the bottom.  One is made of lead and the other is aluminum.  Which one has the greater buoyant force acting on it?
· Two solid blocks of identical size are released into a tank of water.  One is made of lead and it sinks and the other is wood so it floats.  Which one has the greater buoyant force acting on it?

· Does the air exert a buoyant force on you?

· Does the air exert buoyant force on an air-filled balloon?  Why does it fall down then? 
· Does the air exert buoyant force on a helium-filled balloon?  Why does it fly upward?   

· Would a helium filled balloon sink, rise, or just float if released on the moon?

· Example 3. After a moving van drives onto a river ferry, the ferry sinks 0.0367 m. The length and width of the ferry are 15.24 m and 6.10 m, respectfully. Determine the weight of the moving van.  
· Example 4.  A bargain hunter purchases a “gold” crown and wants to determine if the crown is made of pure gold.  After she gets home, she hangs the crown from a scale and finds its weight to be 7.84 N.  She then weighs the crown while it is immersed in water and the scale reads 6.86 N.  Is the crown made of pure gold?  (Hint – find the density of the crown and compare to the known density of gold.)
Equation of continuity
· Note that in our analysis of fluid flow, we will consider each fluid as an ideal fluid and the flow to be steady.  Ideal fluids are incompressible and non-viscous (lose no kinetic energy due to friction).   
· The equation of continuity is a result of conservation of mass; what flows into one end of a pipe must flow out the other end, assuming there are no additional entry or exit points.  Since mass is conserved, the speed of fluid flow must change if the cross-sectional area of the pipe changes.  Look at the diagram below.  A2 is smaller than A1 so v2 must be larger than v1.   

· The mass flow rate (in kg/s) of a fluid with a density (, flowing with a speed v in a pipe of cross-sectional area A, is the mass per second flowing past a point and is given by (Av.   Since mass must be conserved, the mass of the fluid passing through A1 must be the same as the mass of the fluid passing through A2. If the density of the fluid is (1, and the density of the fluid at A2 is (2, the mass flow rate through A1 is (1A1v1, and the mass flow rate through A2 is (2A2v2. Thus, by conservation of mass, 

(1 A1 v1 = (2 A2 v2

This relationship is the equation of continuity.  For an ideal fluid (incompressible) the density of the fluid is the same at all points in the pipe and the equation becomes

 A1 v1 = A2 v2

Av is volume flow rate and has the units m3/s.
· Example 4.  A horizontal pipe has a circular cross section where the diameter diminishes from 3.6 m to 1.2 m. If the velocity of water flow is 3.0 m/s in the larger part of the pipe, what is the velocity of flow in the smaller part of the pipe?

Bernoulli’s principle 
· Bernoulli’s principle is a result of conservation of energy in dynamic fluids and is used to find pressure changes in a fluid due to changes in fluid speed.  Conservation of energy shows that the energy per unit volume of a moving fluid must remain constant.  As a result, if there is no change in height and kinetic energy increases then pressure must decrease.  Simply stated if the speed of a fluid increases the pressure exerted by that fluid decreases and vice-versa.  Look at the diagram below.  From the equation of continuity you know that the speed of the fluid is larger in the narrower portion of the pipe.  Since the speed is larger in the narrower section the pressure is smaller resulting in a shorter column of fluid above it.
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· Bernoulli’s principle is used to explain many phenomena in nature, such as why a spinning ball curves and why you are pushed towards passing traffic.  But probably the most often cited example of Bernoulli’s principle is in relation to the design of airplane wings.  As shown below, airplane wings are designed so that the speed of air above the wing is greater than at the bottom of the wing.  Since the speed is greater, the pressure is less, producing a net upward force due to the difference in pressure.
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Bernoulli’s equation
· Bernoulli’s equation is the mathematical relationship that is used to calculate changes in pressure in a moving fluid.  Bernoulli’s equation states that the pressure (p), kinetic energy per unit volume (1/2(v2), and potential energy per unit volume ((gy) has the same value at all points along a streamline.  Simply stated, the energy per unit volume remains constant (energy is conserved).
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· If a fluid moves through a horizontal pipe as shown above,  h1 = h2 and the equation becomes 
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Bernoulli’s principle
· If the diameter of the pipe remains constant as shown below,  then the speed of the fluid remains constant and the equation reduces to 

p1   +  pgh1 =  p2  + pgh2 

which is equivalent to pressure changes in a static fluid ((P=(g(h).  That is, pressure increases with    depth.  

· For problems that involve changes in both height and speed the full equation must be used.
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· Example 5.  Water flows from an open tank of water as shown in the diagram below.  Point 2 refers to the larger section of pipe which has twice the diameter of the pipe containing point 3.  The pipe containing point 3 is open to the atmosphere.  The tank is sufficiently large so that as water flows from the end of the pipe the change in volume of water in the tank is negligible.  
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(a) How does the pressure at points 1, 2, and 3 compare?  

(b) Calculate the speed of the water at points 2 and 3.

Homework problems Ch 9 #’s 8,9,17,18,19,31,33,36,38,39,44,47,48

1 atm = 101,000 Pa








 ρwater = 1000 kg/m3
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A1 v1 = A2 v2
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