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ME:5160   Fall 2022 
------------------------------------------------------------------------------------------------------------------------------------------ 

The exam is closed book and closed notes. 

 

The thrust F of a propeller is generally thought to be a function of its diameter D and angular 

velocity Ω, the forward speed V, and the density ρ and viscosity μ of the fluid. Find suitable 

dimensionless groups for this problem and write the functional relationship between them. 

 

Hint: Use ρ, V, D as repeated variables. 
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Solution:   

𝐹 = 𝑓(𝐷, 𝛺, 𝑉, 𝜌, 𝜇) 

𝑛 = 6 

𝐹 = {𝑀𝐿𝑇−2};     𝐷 = {𝐿};     𝛺 = {𝑇−1} 

𝑉 = {𝐿𝑇−1};     𝜌 = {𝑀𝐿−3};     𝜇 = {𝑀𝐿−1𝑇−1} 

𝑗 = 3 → 𝑘 = 𝑛 − 𝑗 = 6 − 3 = 3 

The repeating variables are ρ, V, D. Using the Pi theorem, we find the three Pi groups: 

Π1 = ρ𝑎𝑉𝑏𝐷𝑐𝐹 = {(𝑀𝐿−3)𝑎(𝐿𝑇−1)𝑏(𝐿)𝑐(𝑀𝐿𝑇−2)} = {𝑀0𝐿0𝑇0} 

a= -1, b= -2, c= -2 

Π1 =
𝐹

𝜌𝑉2𝐷2
 

Π2 = ρ𝑎𝑉𝑏𝐷𝑐𝛺 = {(𝑀𝐿−3)𝑎(𝐿𝑇−1)𝑏(𝐿)𝑐(𝑇−1)} = {𝑀0𝐿0𝑇0} 

a= -0, b= -1, c= 1 

Π2 =
𝛺𝐷

𝑉
 

Π3 = ρ𝑎𝑉𝑏𝐷𝑐𝜇 = {(𝑀𝐿−3)𝑎(𝐿𝑇−1)𝑏(𝐿)𝑐(𝑀𝐿−1𝑇−1)} = {𝑀0𝐿0𝑇0} 

a= -1, b= -1, c= 1 

Π3 =
𝜇

ρ𝑉𝐷
→

ρ𝑉𝐷

𝜇
= 𝑅𝑒 

Thus, the arrangement of the dimensionless variables is:  

Π1 = 𝑓(Π2, Π3) 

𝐹

𝜌𝑉2𝐷2
= 𝑓 (

𝛺𝐷

𝑉
,
ρ𝑉𝐷

𝜇
) 
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