
Chapter 14 

Fluids 



14.2 What is a Fluid? 

• Fluid: Matter that flows under the influence of external forces 

 

• Includes gases and liquids: 

 

• In gases, molecules are far apart and the density changes readily. 

 

• In liquids, molecules are close together and density remains essentially constant. 

 

• Fluids conform to the boundaries of and assume the configuration of any container 

they are placed in: 

 

• A fluid cannot sustain a force that is tangential to its surface -- cannot 

withstand a shearing stress 

 

• Can exert a force in the direction perpendicular to surface 

 

• Cannot maintain a fixed structure 

 



14.3 Density & Pressure 

• To find the density ρ of a fluid at any point, isolate a small 

volume element V around that point and measure the mass 

m of the fluid contained within that element. If the fluid has 

uniform density, then: 

 

 

 

 

 

• Density is a scalar property 

 

• SI unit: kilogram per cubic meter (kg/m3) 

• gram per cubic centimeter (g/cm3);  

• 1 cm3 = 1 cc = 1 mL 

 

• If the normal force exerted over a flat area A is uniform over 

that area, then the pressure is defined as:  

 

 

 

 

 

• SI unit: newton per square meter; pascal (Pa): 1 Pa = 1 N/m2 

 

• 1 atmosphere (atm) = 1.01x105 Pa = 101 kPa = 1013 mB = 

760 mm Hg = 760 torr = 14.7 lb/in2 (psi) 



14.3 Density & Pressure 



Example: Atmospheric Pressure & Force 



14.4: Fluids at Rest (fluid statics/hydrostatics) 

Fig. 14-2  Above: A tank of water in 

which a sample of water is contained 

in an imaginary cylinder of horizontal 

base area A. 

 

Below: A free-body diagram of 

the water sample. 

The balance of the 3 forces is written as: 

 

If p1 and p2 are the pressures on the top and the bottom 

surfaces of the sample: 

 

 

Since the mass m of the water in the cylinder is, m = ρV, where 

the cylinder’s volume V is the product of its face area A and its 

height (y1 - y2), then  m = ρA(y1-y2).  

 

Therefore,  

 

 

 

If y1 is at the surface and y2 is at a depth h below the surface, 

then:  

 

 

 

(where po is the pressure at the surface, and p the pressure at 

depth h). 

 

 

The pressure at a point in a fluid in hydrostatic equilibrium 

depends on the depth of that point but not on any horizontal 

dimension of the fluid or its container. 



Example: 



Example: 



14.5: Measuring Pressure: The Mercury Barometer 

Fig. 14-5 (a) A mercury barometer. (b) Another 

mercury barometer. The distance h is the  same 

in both cases. 

• A Hg barometer is a device used to 

measure the pressure of the 

atmosphere. 

 

• The long glass tube is filled with 

Hg and the space above the Hg 

column contains only Hg vapor, 

whose pressure can be neglected. 

 

• If the atmospheric pressure is p0, 

and ρ is the density of Hg:  

 



14.5: Measuring Pressure: The Open-Tube Manometer 

• An open-tube manometer measures the 

gauge pressure pg of a gas.  

 

• Consists of a U-tube containing a liquid, 

with one end of the tube connected to the 

vessel whose gauge pressure is to 

measured and the other end open to the 

atmosphere.  

 

• If po is the atmospheric pressure, p is the 

pressure at level 2 as shown, and ρ is the 

density of the liquid in the tube, then: 



14.6: Pascal’s Principle 

A change in the pressure applied to an enclosed incompressible 

fluid is transmitted undiminished to every portion of the fluid and 

to the walls of its container. 



14.6: Pascal’s Principle & the Hydraulic Lever 

• The force Fi is applied on the left and the downward 

force Fo from the load on the right produce a change 

Δp in the pressure of the liquid that is given by: 

 

 

 

 

 

 

 

 

• If the input piston is moved downward a distance di, 

the output piston moves upward a distance do, such 

that the same volume V of the incompressible liquid 

is displaced at both pistons. 

 

 

 

 

 

 

• Then the output work is:  



14.7: Archimedes Principle 

• When a body is fully or partially submerged in a fluid, a buoyant force from the 

surrounding fluid acts on the body.  

 

• The force is directed upward and has a magnitude equal to the weight of the fluid 

that has been displaced by the body. 

Fig. 14-9 A thin-walled plastic sack of water is in static 

equilibrium in the pool. The gravitational force on the 

sack must be balanced by a net upward force on it from 

the surrounding water. 

The net upward force on the object is the 

buoyant force, Fb. 

 

The buoyant force on a body in a fluid has the 

magnitude:  

 

Fb = mf g   (buoyant force),  

 

where mf is the mass of the fluid that is 

displaced by the body. 



14.7: Archimedes Principle: Floating & Apparent Weight 

• When a body floats in a fluid, the magnitude Fb of the 

buoyant force on the body is equal to the magnitude 

Fg of the gravitational force on the body: 

 

 

 

 

• When a body floats in a fluid, the magnitude Fg of the 

gravitational force on the body is equal to the weight 

mfg of the fluid that has been displaced by the body, 

where mf is the mass of the fluid displaced: 

 

 

 

 

• A floating body displaces its own weight of fluid. 

 

• The apparent weight of an object in a fluid is less than the 

actual weight of the object in vacuum, and is equal to the 

difference between the actual weight of a body and the 

buoyant force on the body.  



Floating and sinking 

• If a submerged object is less dense than 

a fluid, then the buoyancy force is greater 

than its weight, and the object rises. 

• In a liquid, it eventually reaches the 
surface. 

• Then the object floats at a level such 
that the buoyancy force equals its 
weight. 

• That means the submerged portion 
displaces a weight of liquid equal to 
the weight of the object. 

• In the atmosphere, a buoyant object like a 
balloon rises to a level where its density 
is equal to that of the atmosphere. 

• This is neutral buoyancy. 

14.7: Archimedes Principle: Floating & Apparent Weight 



Clicker question 

Which one of the following does not contribute to a 

rise in sea level?  

A. Melting of pack ice in the Arctic Ocean 

B. Warming of ocean water in the Pacific Ocean 

C. Melting of ice supported by land in Greenland 



Example: Floating, buoyancy, & density 



14.8: Ideal Fluids in Motion (Fluid Dynamics) 

• Steady flow: In steady (or laminar) flow, 

the velocity of the moving fluid at any 

fixed point does not change with time. 

 

• Incompressible flow: Assume, as for 

fluids at rest, that the ideal fluid is 

incompressible; density has a constant, 

uniform value. 

 

• Nonviscous flow: The viscosity of a fluid 

is a measure of how resistive the fluid is 

to flow. 

• Viscosity is the fluid analog of 

friction between solids.  

• An object moving through a 

nonviscous fluid would experience 

no viscous drag force 

• No resistive force due to viscosity; 

can move at constant speed through 

the fluid. 

 

• Irrotational flow:  In irrotational flow a 

test body suspended in the fluid will not 

rotate about an axis through its own 

center of mass. 

• Moving fluids are characterized by their flow 

velocity as a function of position and time. 

– In steady flow, the velocity at a given point 

is independent of time. 

– Steady flows can be visualized with 

streamlines which are everywhere tangent 

to the local flow direction. 

– The density of streamlines reflects the flow 

speed. 

 

 

 

 

 

 

 
 

– In unsteady flow, the fluid velocity at a 

given point varies with time. 

– Unsteady flows are more difficult to treat. 



14.9: The Equation of Continuity 

Incompressible fluids (constant density): 



Example: Water Stream 



14.10: Bernoulli’s Equation 

Fig. 14-19: Fluid flows at a steady rate through a length 

L of a flow tube, from the input end at the left to the 

output end at the right.  

 

From time t in (a) to time t + Δt in (b), the amount of fluid 

shown in purple enters the input end and the equal 

amount shown in green emerges from the output end. 

If the speed of a fluid element increases as the 

element travels along a horizontal streamline, the 

pressure of the fluid must decrease, and conversely. 



14.10: Bernoulli’s Equation: Proof 

The change in kinetic energy of the system is equal to 

the work done on the system: 

 

 

If the density of the fluid is ρ,  

 

 

 

 

The work done by gravitational forces is: 

 

 

 

The net work done by the fluid is:  

 

 

 

 

Therefore,  

 

 

Finally,  



The Bernoulli effect 

• For flows that don’t involve height differences, 

Bernoulli’s equation shows that higher flow 

speeds are accompanied by lower pressures, 

and vice versa. 

The venturi flow meter is one application of the 

Bernoulli effect.  Measuring the pressure difference 

between the constriction and the unconstricted pipe 

gives a measure of the flow speed. 

The ping-pong ball is supported by the 

downward flowing air in the inverted 

funnel, because of the higher pressure of 

the slower-moving air beneath the ball. 

14.10: Bernoulli’s Equation 



Viscosity & turbulence 

• Viscosity: fluid friction 
 

– Associated with the transfer of 

momentum by molecules moving 

perpendicular to the fluid flow 

– Also occurs where a fluid contacts 

pipe walls, river banks, and other 

material containers 

– Dissipates flow energy 
 

• Turbulence: complex, chaotic, time-

dependent fluid motion. 

Without viscosity, flow in a pipe would be 

uniform. Viscous drag at the pipe walls 

introduces a parabolic flow profile. 

14.10: Bernoulli’s Equation 



Example: Bernoulli’s Principle 



Example-2: Bernoulli’s Principle 


