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Review Stuff 
(That means “boring stuff..”) 

• Atmospheric Pressure 

–Air has MASS. 

• Mair = 1.29 kg/m3 @ STP 

• i.e. Mass of air in Room LAB 

–Atmosphere is BIG 

–ATM Bar 

 



New Stuff 
(That means “boring stuff..”) 

• Pressure and the Flying Bernoullis! 

–A fast moving fluid (gas OR liquid) 
has a lower P (NOT  ) than a slower 
one. 

 



• Bernoulli Demos 



Review Stuff 
(That means “boring stuff..”) 

• Pressure in a Fluid! 
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NEW Stuff 
(That means “boring stuff..”) 

• Mass Rate of Flow 
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Figure 12.2 

• Flow rate is the volume of fluid per unit time flowing past a point through the area A . Here 
the shaded cylinder of fluid flows past point P in a uniform pipe in time t . The volume of 
the cylinder is Ad and the average velocity is 𝑣  = 𝑑/𝑡 so that the flow rate is 𝑄 =  𝐴𝑑 / 𝑡 =
 𝐴𝑣  . 



Figure 12.3 

• When a tube narrows, the same volume occupies a greater length. For the same volume to pass 
points 1 and 2 in a given time, the speed must be greater at point 2. The process is exactly 
reversible. If the fluid flows in the opposite direction, its speed will decrease when the tube 
widens. (Note that the relative volumes of the two cylinders and the corresponding velocity 
vector arrows are not drawn to scale.) 



Figure 12.4 

• An overhead view of a car passing a truck on a highway. Air passing between the vehicles 
flows in a narrower channel and must increase its speed ( v2 is greater than v1), causing the 
pressure between them to drop ( Pi is less than Po ). Greater pressure on the outside 
pushes the car and truck together. 



Figure 12.5 

• Examples of entrainment devices that use increased fluid speed to create low pressures, which then entrain one fluid into another. 
(a) A Bunsen burner uses an adjustable gas nozzle, entraining air for proper combustion. (b) An atomizer uses a squeeze bulb to 
create a jet of air that entrains drops of perfume. Paint sprayers and carburetors use very similar techniques to move their 
respective liquids. (c) A common aspirator uses a high-speed stream of water to create a region of lower pressure. Aspirators may be 
used as suction pumps in dental and surgical situations or for draining a flooded basement or producing a reduced pressure in a 
vessel. (d) The chimney of a water heater is designed to entrain air into the pipe leading through the ceiling. 



Figure 12.6 

(a) The Bernoulli principle helps explain lift generated by a wing.  

(b) Sails use the same technique to generate part of their thrust. 



Figure 12.8 
(a) Water gushes from the base of the Studen 

Kladenetz dam in Bulgaria. (credit: Kiril 
Kapustin; 
http://www.ImagesFromBulgaria.com) 

(b) In the absence of significant resistance, 
water flows from the reservoir with the 
same speed it would have if it fell the 
distance h without friction. This is an 
example of Torricelli’s theorem. 



Figure 12.9 

• Pressure in the nozzle of this fire hose is less than at ground level for two reasons: the water has 
to go uphill to get to the nozzle, and speed increases in the nozzle. In spite of its lowered 
pressure, the water can exert a large force on anything it strikes, by virtue of its kinetic energy. 
Pressure in the water stream becomes equal to atmospheric pressure once it emerges into the 
air. 



Figure 12.10 
• Smoke rises smoothly for a while and 

then begins to form swirls and eddies. 
The smooth flow is called laminar flow, 
whereas the swirls and eddies typify 
turbulent flow. If you watch the smoke 
(being careful not to breathe on it), you 
will notice that it rises more rapidly 
when flowing smoothly than after it 
becomes turbulent, implying that 
turbulence poses more resistance to 
flow. (credit: Creativity103) 



Figure 12.11 

(a) Laminar flow occurs in layers without mixing. Notice that viscosity causes drag between layers as 
well as with the fixed surface.  

(b) An obstruction in the vessel produces turbulence. Turbulent flow mixes the fluid. There is more 
interaction, greater heating, and more resistance than in laminar flow. 



Figure 12.12 

• The graphic shows laminar flow of fluid between two plates of area A . The bottom plate is 
fixed. When the top plate is pushed to the right, it drags the fluid along with it. 



Figure 12.13 

(a) If fluid flow in a tube has negligible resistance, the speed is the same all across the tube. 

(b) When a viscous fluid flows through a tube, its speed at the walls is zero, increasing steadily to its maximum at 
the center of the tube.  

(c) The shape of the Bunsen burner flame is due to the velocity profile across the tube. (credit: Jason Woodhead) 



Figure 12.14 

• Poiseuille’s law applies to laminar flow of an incompressible fluid of viscosity η through a tube of 
length l and radius r . The direction of flow is from greater to lower pressure. Flow rate Q is 
directly proportional to the pressure difference P2 − P1 , and inversely proportional to the length l 
of the tube and viscosity η of the fluid. Flow rate increases with r4 , the fourth power of the 
radius. 



Figure 12.15 

• During times of heavy use, there is a significant pressure drop in a water main, and P1 
supplied to users is significantly less than P2 created at the water works. If the flow is very 
small, then the pressure drop is negligible, and P2 ≈ P1 . 



Figure 12.16 
• Schematic of the circulatory system. 

Pressure difference is created by the two 
pumps in the heart and is reduced by 
resistance in the vessels. Branching of 
vessels into capillaries allows blood to 
reach individual cells and exchange 
substances, such as oxygen and waste 
products, with them. The system has an 
impressive ability to regulate flow to 
individual organs, accomplished largely 
by varying vessel diameters. 



Figure 12.7 

• Flow is laminar in the large part of this blood vessel and turbulent in the part narrowed by 
plaque, where velocity is high. In the transition region, the flow can oscillate chaotically 
between laminar and turbulent flow. 



Figure 12.18 

• (a) Motion of this sphere to the right is equivalent to fluid flow to the left. Here the flow is laminar with N′R less than 1. 
There is a force, called viscous drag FV , to the left on the ball due to the fluid’s viscosity. (b) At a higher speed, the flow 
becomes partially turbulent, creating a wake starting where the flow lines separate from the surface. Pressure in the wake 
is less than in front of the sphere, because fluid speed is less, creating a net force to the left F′V that is significantly greater 
than for laminar flow. Here N′R is greater than 10. (c) At much higher speeds, where N′R is greater than 106 , flow becomes 
turbulent everywhere on the surface and behind the sphere. Drag increases dramatically. 



Figure 12.19 

• There are three forces acting on an object falling through a viscous fluid: its weight w , the 
viscous drag FV , and the buoyant force FB . 



Figure 12.24 

• A tube with a narrow segment designed to enhance entrainment is called a Venturi. These 
are very commonly used in carburetors and aspirators. 



Figure 12.25 
• Atomizer: perfume bottle with tube to 

carry perfume up through the bottle. 
(credit: Antonia Foy, Flickr) 



Figure 12.26 

• Water emerges from two leaks in an old boot. 



Figure 12.27 

• The vertical tube near the water tap remains full of air and serves a useful purpose. 



Intro Stuff 
(That means “boring stuff..”) 

• Bernoulli’s Equation 
 
 
 
 
 
 
 
 
 
 
 
 

• Torricelli’s Special Case: Open Container, P=P 
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Intro Stuff 
(That means “boring stuff..”) 

• Bernoulli’s Equation 
 
 
 

• Torricelli’s Special Case: Spigot  
 

2

2

221

2

11
2

1

2

1
gyvPgyvP  

21

2

1
2

1
gygyv  



2

2

221

2

11
2

1

2

1
gyvPgyvP  

21

2

1
2

1
gygyv  



2

2

221

2

11
2

1

2

1
gyvPgyvP  

Y? 



21

2

1
2

1
gygyv  


