
Fluid Mechanics 
 

In our first unit of the thermodynamics/fluids folder we take a brief look at fluid mechanics.  A 

fluid can be either a liquid or a gas.  In this section we concentrate on the more liquid aspects of 

fluids although everything here can be applied to gasses too.  The primary assumption made in 

this unit is that the fluid is incompressible and does not lose energy as it flows.  In other words 

any fluid in motion is in a state of laminar flow and does not experience turbulence.  Before 

taking the next test you should be familiar with all of the items in the following outline. 

 

I. Pressure Defined 

A. Units of pressure 

B. Gauge pressure 

C. Absolute pressure 

 

II. Pressure and Archimedes’s Principle 

A. Static fluid pressure 

B. Pascal’s principle 

C. Buoyant force 

1. Submerged objects 

2. Floating objects 

 

III. Bernoulli’s Principle 

A. Volume flow rate 

B. Bernoulli’s equation 
 

After review of the above material and the practice test you should be ready for the first of three 

tests in the thermodynamics folder.



Lesson 2-01 Forces Due to Static Fluids 

Read section 9.3 -9.6 pp. 262 – 273 

 

Fluid Defined 

Fluids have mass and weight but do not take on a definite shape.  Fluids include both liquids and 

gases.  Most students assume that fluid is a synonym for liquid which is only half correct.  It is 

actually the fluid nature of gases that causes us to include this lesson before starting 

thermodynamics. 

     In previous lessons an object was assumed to be a point mass with forces exerted at a single 

point in space.  If you pour water into a glass the weight of the water however will not act at a 

single point.  Instead the weight is distributed over the entire bottom of the glass.  Instead of the 

point mass of the object we will  

now talk about the mass of the fluid which is spread  

out in space.  The concept of mass is replaced with  

the product of density and volume.  The units of  

density are in Kg/m
3
 with values of several fluids shown in Table 9-3. page 262. 

     Since fluids do not exert forces at a single point the concept of force by itself is no longer 

totally sufficient.  We must now consider how the force is spread out over a given area.  

Consider a gallon of water poured into a very tall but very narrow straw.  With a small cross 

section the weight of the water is concentrated in a small area.  Now take the same gallon of 

water and pour it into a bath tub.   

Although the water weighs the same it is now  

spread over a large area so that the weight of the  

water is not as concentrated.  In both cases the amount  

of water is the same but results are radically different.  What becomes more important in fluids is 

Pressure, P.  Pressure is force per unit area and has units of Newtons per square meter.  1 N / m
2
 

= 1 Pascal.  Now we replace the idea of a force with the product of pressure times area. 

     There is a second way to look at pressure that is not stressed in many textbooks.  Consider if 

we multiply a third dimension that is perpendicular to area (A) into the above equation for 

Pressure.  P = (Fd) / (Ad).  The denominator is an equation for volume.  The numerator is our 

the equation for work and is measured in Joules.  We discover that pressure has units of energy 

per unit volume or Joules/ m
3
.  Pressure is a measure of energy density. 

     The science of hydraulics uses the idea of a small force over a small area is equivalent to a 

large force over a large area to move big things with small pushes.  See figure 9.13 on page 266. 

Homework Problems 9. 13, 14, 15, 16, 17. 

 

Pressure vs. Depth 

     If you consider figure 9.11b the authors stress that the bottom of the darker shaded block must 

be at a higher pressure than the top of the block due to the need to support the weight of the 

water in between top and bottom.   

It happens that a point lower in a static fluid will  

be at a higher pressure according to the formula 

 in the box to the right as well as equation 9.10.  The subscripts have been modified from the 

form used in the book in order to keep the student straight.  Consider for example the pressure at 

the bottom of a 3m deep swimming pool.  The pressure at the top of the pool is atmospheric 

pressure, PATM = 1.013E5 Pa (from the inside, front-cover).  Denisty of pool water is about 

m = V where density 

               is in Kg/m
3
 

P = F / A 

1 Pascal = 1N / m
2
 

PLOW = gh + PUPPER 



1000Kg/m
3
 depending on the amount of chlorine used.  The pressure at the bottom of the pool is 

1.013E5 + (1000Kg/m
3
)(9.8 m/s

2
)(3m) = 1.31E5 Pa or about 1.29 atmospheres. 

 

Homework Problems 9. 13, 14, 15 & 17 

 

The Bouyant Force 

     When an object is submerged in a fluid the top of the object is under less pressure than the 

bottom of the object by an amount gh.  This causes an upward force on the object known as the 

“Buoyant Force”.  For objects submerged in a fluid the free-body diagram must contain this 

force, FB or B, as shown in figure 9.18.  Now summing the forces involves weight=mg, the 

buoyant force and any other extraneous forces.  Consider figure 9.22b on page 272.  While the 

crown is submerged in the water we have three forces acting on the crown- gravity, buoyant 

force and tension.  The equation for summing the forces is  FY: T + FB – mg = 0.  We could do 

some neat analysis if only we had a formula for expressing the value of the buoyant force. 

     According to Archimedes, the value of the buoyant force is equal to the weight of the 

displaced fluid.  If you can remember that statement and if you recognize that the volume of 

displaced fluid is exactly equal to the volume of the object then you can always come up with an 

equation for the buoyant force as follows: 

     FB = Wf = mfg = fVfg = fVog 

This formula is given on the equation sheet of the AP  

exam but it does not specify which density and which volume.  You must remember that the 

volume is the volume of the object and rho() is the density of the fluid.   

     The authors do note a relationship that may help on the homework.  The critical value is the 

difference between FB and the object’s weight.  They note that  

FB – w = (f   o)Vog will determine if the object floats or sinks.  If the density of the object is 

more than the density of the fluid the object will have negative net force and object sinks.  If 

density of fluid is greater than density of object then object will rise out of fluid until equilibrium 

is established.  We call this floating. 

 

Homework Problems 9. 27, 29, 30, 33, 34, 35. (There are 11 problems with this lesson). 

 

Lesson 2-02 Kinetic Fluids 

Read section 9.7-9.8 pp. 274 – 280 
 

In the second and final lesson on fluids we consider what happens to moving fluids.  How does 

speed change pressure in a moving fluid?  What happens to the flow rate of a fluid when you 

reduce the cross-section? 

Volume Flow Rate 

     The amount of fluid moving past a point in a hose can be described in several ways.  One 

could describe the number of Kg/sec flowing by the point.  This is known as a mass flow rate.  

Recall that the mass flow rate has already been mentioned in these notes once. 

 m/t = (V)/t = Av where A is the cross-section of fluid flow and v is fluid speed.  Since 

mass cannot be created or destroyed by non-nuclear events like water moving through a pipe the 

value of  Av must be constant. 

If the fluid is incompressible like many liquids then  

FB = fVog 

Vol /t = A1 v1 = A2 v2 



density is fairly constant.  The equation will reduce to  

the more simplified form found in the above box.  This tells us that if we stick our thumb over 

half the opening of the water hose then we can double the speed of the water.  If cholesterol 

decreases the cross-sectional area of the aorta by a factor of 3 then the speed of blood must 

increase by three.  As the blood moves faster there is less time to exchange good and bad gases.  

Not good.  Be wary of this equation in one respect- radius is not area.  Suppose that we half the 

radius of a pipe.  The cross section area will decrease by 4 and the velocity will increase by four.  

You have been warned. 

Homework Problems 9. 40, 41, 73 

 

Bernoulli’s Principle 

     According to Daniel Bernoulli, the faster a fluid flows the lower its pressure.  When you turn 

on a shower the shower curtain will immediately move towards the faster flowing fluid since 

pressure has been reduced.  Frisbees are made to have air flow faster over the top, reducing 

pressure to create lift.  This leaves us is a bit of a spot.  The difference in pressure must account 

for differences in height as well as differences in speed.  This means that the boxed equation at 

the bottom of page 8 is inadequate.  It only works for static conditions.  How would the equation 

change if a fluid is not static? 

 

 

 

 

 

The above equation states the relationshop among pressure at two different points in a flowing 

pipe.  There are several things that you can do to make the equation simplify: 

 Always make the lowest point in the problem, h=0.  This can make one height term instantly 

disappear and also guarantee that the other height term will not be negative.   

 For pipes that do not change height as in figure 9.28h1 = h2 and the two height terms will 

cancel out of the equation. 

 If one cross-section or opening is much, much larger than the other then the velocity at the 

large opening will be approximately zero according to the flow rate formula.  This point is 

demonstrated in example problem 9.8. 

 You may encounter two unknowns in the Bernoulli’s equation.  If one of the unknowns is 

speed then you can use the flow rate equation, A1 v1 = A2 v2, for the second equation.  Now 

you have two equations and two unknowns. 

Homework Problems 9. 42, 45, 46, 47, 87. 

 

This concludes the first part of fluids and thermodynamics.  Historically, heat was thought to be 

the flow of a caloric ether until James Joule showed that heat was a form of energy. 

 

P1 + gh1 + ½  v1
2
 = P2 + gh2 + ½  v2

2
 = constant value 


