


A.  Elephant 

B.  Feather 

C.  Same 

(assume both are at 

same speed) 



Today: 
• Fluid friction: 

– Viscous and turbulent drag 

– Turbulent drag force 

– Damage from hurricanes 

– Air drag 

– Fish and bird formations 

– Terminal speed 

 





Laminar Flow:  Low 

velocities / small 

diameters / "thick" 

fluids  viscous 

drag 

Turbulent flow: High 

velocities / larger 

dia-meters / "thin" 

fluids  turbulent 

drag 





The force due to turbulent air drag depends on the 

density of the fluid  (in kg/m3), the area A swept out 

by the object as it moves through the fluid (in m2), 

and the object's speed v relative to the fluid (in m/s). 
 

Using dimensional analysis, what is the relation 

between D, , A, and v?   

A.   D  Av 

B.   D  Av2 

C.   D  A2v 

D.   D = Av 

E.   D = Av2 







Damage from Hurricanes: 



Wind Forces: 

 

 
D=(1/2) C  A v2,   

 

Assume C1 

 

A v D D 
(m2) (m/s)  (N)  (lb) 
 

0.3 9 14  3  

 

 

 

0.5 20 120 30 

 

 

 

0.5 30  270 60 

 

 

 

 

 

 

5 50  7500 1700 



Damage from Hurricanes: 



Damage from Hurricanes: 

D=(1/2) C  A v2,           water ~ 800 air 





What speed vw of flowing water will exert 

approximately the same drag force on a Stop sign 

as the 160 mi/h wind from a hurricane? 

vw = ? 

A.  ~0.2 mi/h 

B.  ~ 5 mi/h 

C.  ~ 20 mi/h 

D. ~ 40 mi/h 

E.  ~ 80 mi/h 



Air Drag in Auto Design: 
D = (1/2) C  A v2  

 

C: 

 

 

 

C: 

 



Air Drag in Auto Design: 
  

D = (1/2) C  A v2 

Honda Insight:  CD=0.25,  MPG = 70  



Air Drag in Auto Design: 
  

D = (1/2) C  A v2 

Jeep Cherokee:   CD = 0.51,  MPG=21  



Air Drag in Ski Jumping: 
  

D = (1/2) C  A v2 

 



Air Drag in Luge: 
  

D = (1/2) C  A v2 

 

Record luge speed: 85 mi/h 



Air Drag in Cycling: 
  

D = (1/2) C  A v2 

 



Air Drag in Cycling: 
  

D = (1/2) C  A v2 

 

World Speed Records: 

 

200 m, flying start:   

71.3 km/h   (~45 mi/h) 

 

1 hour:    

56.4 km/h   (~35 mi/h) 

 



How does the drag force exerted on a cyclist 

moving at v = 54 km/h compare with the force 

exerted on a cyclist moving at v = 27 km/h?   

D (54 km/h) / D (27 km/h) = ? 

A.  1/4 

B.  1/2 

C.  1 

D.  2  

E.  4 



Air Drag in Cycling: 
  

D = (1/2) C  A v2 

 

How fast could 

you cycle if you 

could eliminate 

air drag?  



Bonneville Salt Flats, Utah: 



John Howard, USA, 1985:   152 mi/h 
 

Fred Rompelberg, NL, 1995:  167 mi/h 
(Rompelberg was 50 years old at the time.) 

Bonneville Salt Flats, Utah: 



 
Bird Formations During Migration: 

 



  By taking advantage of upward moving air pro-

duced by their neighbors, migrating birds traveling 

in “Vees" can travel  1.7  as far as individual 

birds.  (~40% energy savings/mile). 
 



Fish Schools  



By swimming in synchrony in the correct formation, 

each fish can take advantage of moving water 

created by the fish in front to reduce drag.   

Fish swimming in schools can swim 2 to 6 times 

as long as individual fish.   












