


A.  Elephant 

B.  Feather 

C.  Same 

(assume both are at 

same speed) 



Today: 
ÅFluid friction: 

ïViscous and turbulent drag 

ïTurbulent drag force 

ïDamage from hurricanes 

ïAir drag 

ïFish and bird formations 

ïTerminal speed 

 





Laminar Flow:  Low 

velocities / small 

diameters / "thick" 

fluids Ý viscous 

drag 

Turbulent flow: High 

velocities / larger 

dia-meters / "thin" 

fluids Ý turbulent 

drag 





The force due to turbulent air drag depends on the 

density of the fluid r (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, r, A, and v?   

A.   D  ́rAv 

B.   D  ́rAv2 

C.   D  ́rA2v 

D.   D = rAv 

E.   D = rAv2 







Damage from Hurricanes: 



Wind Forces: 

 

 
D=(1/2) C r A v2,   

 

Assume Cº1 

 

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 r A v2,           rwater ~ 800 rair 





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 r A v2  

 

C: 

 

 

 

C: 

 



Air Drag in Auto Design: 
  

D = (1/2) C r A v2 

Honda Insight:  CD=0.25,  MPG = 70  



Air Drag in Auto Design: 
  

D = (1/2) C r A v2 

Jeep Cherokee:   CD = 0.51,  MPG=21  



Air Drag in Ski Jumping: 
  

D = (1/2) C r A v2 

 



Air Drag in Luge: 
  

D = (1/2) C r A v2 

 

Record luge speed: 85 mi/h 



Air Drag in Cycling: 
  

D = (1/2) C r A v2 

 


