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The exam is closed book and closed notes. 
A hot-film probe is mounted on a cone-and-rod system in an airstream (ρ = 1.347 kg/m3, μ = 1.78E-
5 kg/m.s.) of 45 m/s, as in the Figure below. Estimate the maximum cone vertex angle allowable 
if the flow-induced bending moment at the root of the rod is not to exceed 30 N.cm. 

 
Equations: 𝐶𝐶𝐷𝐷 = 𝐹𝐹𝐷𝐷

1
2𝜌𝜌𝜌𝜌𝑉𝑉

2 

Table: Drag of three-dimensional bodies 
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Solution: 

KNOWN: wind velocity, body shapes and sizes, maximum bending moment 

FIND: θ 

ASSUMPTIONS: smooth surfaces such that the values in the Table are valid 

ANALYSIS: 
 
 
For the rod: 
 

𝑅𝑅𝑅𝑅𝐷𝐷,𝑟𝑟𝑟𝑟𝑟𝑟 =
𝜌𝜌𝑉𝑉𝐷𝐷𝑟𝑟𝑟𝑟𝑟𝑟

𝜇𝜇
=

(1.347)(45)(0.005)
(1.78𝐸𝐸 − 5) = 1.7𝐸𝐸4 < 5𝐸𝐸5  →    𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 

 
From the Table: 
 

𝐿𝐿𝑟𝑟𝑟𝑟𝑟𝑟
𝐷𝐷𝑟𝑟𝑟𝑟𝑟𝑟

=
(200)

(5) = 40   →    𝐶𝐶𝐷𝐷,𝑟𝑟𝑟𝑟𝑟𝑟 = 0.98 

 

𝐹𝐹𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐶𝐶𝐷𝐷,𝑟𝑟𝑟𝑟𝑟𝑟 �
1
2
𝜌𝜌𝐴𝐴𝐿𝐿𝑟𝑟𝑟𝑟𝑉𝑉2� 

 

𝐴𝐴𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐿𝐿𝑟𝑟𝑟𝑟𝑟𝑟𝐷𝐷𝑟𝑟𝑟𝑟𝑟𝑟 
 

𝐹𝐹𝑟𝑟𝑟𝑟𝑟𝑟 = (0.98)(0.5)(1.347)(0.2)(0.005)(45)2 = 1.34 𝑁𝑁 
 

𝑀𝑀𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐹𝐹𝑟𝑟𝑟𝑟𝑟𝑟 × 𝐿𝐿𝑟𝑟𝑟𝑟𝑟𝑟 
 

𝐿𝐿𝑟𝑟𝑟𝑟𝑟𝑟 = 10 𝑐𝑐𝐿𝐿 
 

𝑀𝑀𝑟𝑟𝑟𝑟𝑟𝑟 = (1.34)(10) = 13.4 𝑁𝑁. 𝑐𝑐𝐿𝐿 
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(1) 
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For the cone: 
 

𝐹𝐹𝑐𝑐𝑟𝑟𝑐𝑐𝑐𝑐 = 𝐶𝐶𝐷𝐷,𝑐𝑐𝑟𝑟𝑐𝑐𝑐𝑐 �
1
2
𝜌𝜌𝐴𝐴𝑐𝑐𝑟𝑟𝐿𝐿𝑅𝑅𝑉𝑉2� 

 

𝐴𝐴𝑐𝑐𝑟𝑟𝑐𝑐𝑐𝑐 =
𝜋𝜋
4
𝐷𝐷𝑐𝑐𝑟𝑟𝑐𝑐𝑐𝑐2  

 

𝑀𝑀𝑐𝑐𝑟𝑟𝑐𝑐𝑐𝑐 = 𝐹𝐹𝑐𝑐𝑟𝑟𝑐𝑐𝑐𝑐 × 𝐿𝐿𝑐𝑐𝑟𝑟𝑐𝑐𝑐𝑐 
 

𝐿𝐿𝑐𝑐𝑟𝑟𝑐𝑐𝑐𝑐 = 20 +
3
2

= 21.5 𝑐𝑐𝐿𝐿 

 

𝑀𝑀𝑐𝑐𝑟𝑟𝑐𝑐𝑐𝑐 = 𝐶𝐶𝐷𝐷,𝑐𝑐𝑟𝑟𝑐𝑐𝑐𝑐(0.5)(1.347) �
𝜋𝜋
4
� (0.03)2(45)2(21.5) = (20.73)𝐶𝐶𝐷𝐷,𝑐𝑐𝑟𝑟𝑐𝑐𝑐𝑐 

 

𝑀𝑀𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑀𝑀𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑀𝑀𝑐𝑐𝑟𝑟𝑐𝑐𝑐𝑐 = 13.4 + 20.73𝐶𝐶𝐷𝐷,𝑐𝑐𝑟𝑟𝑐𝑐𝑐𝑐 = 30 𝑁𝑁. 𝑐𝑐𝐿𝐿 

 

𝐶𝐶𝐷𝐷,𝑐𝑐𝑟𝑟𝑐𝑐𝑐𝑐 =
(30) − (13.4)

(20.73) = 0.8 

 
From the Table: 
 

𝜃𝜃 = 60° 
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