
Exercises Module 2 

Corrections 

 

Exercise 2.1 

The shear force is equal to the shear stress on the surface element multiplied by the surface 
area. To identify the relevant component contributing to the shear force, we can use the 
general formula for the shear force 𝐹௦௛௘௔௥:  

𝐹௦௛௘௔௥ =  − 𝜏௝௞ห
௝
(𝒏ෝ𝒊 ∙ ଚ̂)𝒌෡𝐴௜ 

with the direction of flow 𝑘 (unit vector 𝒌෡) and the direction of momentum transport 𝑗 (unit 
vector ଚ̂).  𝒏ෝ𝒊 is the surface normal vector of the considered surface 𝐴௜. 

From Newton’s law of viscosity, we know that shear stress as a momentum flux in direction 𝑗 

originates from a non-zero velocity gradient ௗ௩ೖ

ௗ௝
 of 𝑣௞ in direction of 𝑗. 

If fluid is flowing over the surface of a solid body, the no-slip condition has to be fulfilled at 
the surface. If the body is not in motion, this implies a velocity of zero right at the surface 
and on the whole surface. Therefore, there can be no gradient of the velocity along the 
directions moving on the surface, but only in the directions moving away from the surface 
element. For example, the velocity on the surface does not vary in 𝑧 or 𝜃 in the case of a 
solid cylinder, because it needs to be zero everywhere on the cylinder. 

With that in mind, we can derive the terms for the shear force on the indicated surface 
elements:  

a) 𝒅𝑭𝒔𝒉𝒆𝒂𝒓 =  −𝜏௥ఏ|௥ୀோ𝑅𝑑𝜃 × 𝑑𝑧 × (𝒏ෝ  ∙ 𝒓ො)𝜽෡ = −𝜏௥ఏ|௥ୀோ𝑅𝑑𝜃 𝑑𝑧 𝜽෡  
 

b) 𝒅𝑭𝒔𝒉𝒆𝒂𝒓 = −𝜏௥௭|௥ୀோ𝑅𝑑𝜃 × 𝑑𝑧 × (𝒏ෝ  ∙ 𝒓ො)𝒛ො = −𝜏௥௭|௥ୀோ𝑅𝑑𝜃 𝑑𝑧 𝒛ො 
 

c) 𝒅𝑭𝒔𝒉𝒆𝒂𝒓 =  −𝜏௥ఏ|௥ୀோ𝑅𝑑𝜃 × 𝑅sin𝜃𝑑𝜙 × (𝒏ෝ ∙ 𝒓ො)𝜽෡ = −𝜏௥ఏ|௥ୀோ𝑅ଶsin𝜃 𝑑𝜃𝑑𝜙 𝜽෡ 
 

d) 𝒅𝑭𝒔𝒉𝒆𝒂𝒓 =  −𝜏௥థห
௥ୀோ

𝑅𝑑𝜃 × 𝑅sin𝜃𝑑𝜙 × (𝒏ෝ  ∙ 𝒓ො) 𝝓෡ = −𝜏௥ఏ|௥ୀோ𝑅ଶsin𝜃 𝑑𝜃𝑑𝜙 𝝓෡  

 
e) 𝒅𝑭𝒔𝒉𝒆𝒂𝒓 = −𝜏ఏ௥|ఏୀఈ𝑑𝑟 × (𝑟 sin𝛼 𝑑𝜙) × ൫𝒏ෝ  ∙ 𝜽෡൯𝒓ො = −𝜏ఏ௥|ఏୀఈ𝑟sin𝛼 𝑑𝑟𝑑𝜙 𝒓ො  

The coordinate system in case e) is a spherical coordinate system. The cone is placed within 
a sphere with the origin of the cone being at the origin of the sphere. 𝜃 and 𝜙 are chosen in 
a similar way as for a sphere. 
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