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 NAME  Fluids-ID  
 

Quiz 9.  

The drag, D, on a sphere moving in a fluid can be expressed as D 

= f(d,V,ρ,μ) where d is the spear diameter, V is the sphere veloci-

ty, ρ and μ are respectively the density and viscosity of  the fluid.  

(a) Develop a suitable set of pi terms by using the d, V, and ρ as 
the repeating variables.  (b) Drag D = 10 N for a sphere, with a di-
ameter d = 5 cm, moving at V = 4 m/s in water.  For a balloon 
with d = 1 m diameter rising in air, determine the velocity V and 
the drag D, if the pi terms in (a) are same for both the sphere and 
the balloon.   

(For water, ρ = 999 kg/m3 and μ = 1.12 × 10-3 N⋅s/m2; For air, ρ = 

1.23 kg/m3 and μ = 1.79 × 10-5 N⋅s/m2)   

Solution: 

(a) From the pi theorem, 5 -3 = 2 pi terms required.   
 Πଵ ൌ ߤ ڄ ߩ ڄ ܸ ڄ ݀  ሺିܮܯଵܶିଵሻሺିܮܯଷሻሺିܶܮଵሻሺܮሻ ൌ   ܶܮܯ Πଵ ൌ  (points 3+) ܸ݀ߩߤ

 Πଶ ൌ ܦ ڄ ߩ ڄ ܸ ڄ ݀   ሺିܶܮܯଶሻሺିܮܯଷሻሺିܶܮଵሻሺܮሻ ൌ   ܶܮܯ Πଶ ൌ  ଶ݀ଶ (+3 points)ܸߩܦ

 
(b) Let S: sphere and B: balloon  
For Πଵ, 
 ൬ ൰ௌܸ݀ߩߤ ൌ ൬   ൰ܸ݀ߩߤ

ܸ ൌ ൬ߩௌߩ൰ ൬ߤߤௌ ൰ ൬݀ௌ݀൰ ௌܸ  
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 ൌ ቆ999 kg mଷ⁄1.23 kg mଷ⁄ ቇ ቆ1.79 ൈ 10ିହ N ڄ s mଶ⁄1.12 ൈ 10ିଷ N ڄ s mଶ⁄ ቇ ൬0.05 m1 m ൰ ቀ4 ms ቁ ൌ 2.6 ms  (+2 points) 

 
For Πଶ, ൬ ଶ݀ଶ൰ௌܸߩܦ ൌ ൬   ଶ݀ଶ൰ܸߩܦ

ܦ ൌ ൬ߩߩௌ ൰ ൬ ܸܸௌ ൰ଶ ൬݀݀ௌ ൰ଶ   ௌܦ

ൌ ቆ1.23 kg mଷ⁄999 kg mଷ⁄ ቇ ቆ2.6 m s⁄4 m s⁄ ቇଶ ൬ 1 m0.05 m൰ଶ ሺ10 Nሻ ൌ 2.1 N (+2 points) 
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