
Homework 2                            MIA503E                              Due: March 27, 2018 

 

1) Use the momentum equation to derive an equation for the transport of vorticity:  

𝒘𝒊 = 𝜺𝒊𝒋𝒌

𝝏𝒖𝒌

𝝏𝒙𝒋
 

Momentum equation for incompressible flow 

𝝆
𝑫𝒖𝒊

𝑫𝒕
= −

𝝏𝒑

𝝏𝒙𝒊
+ 𝝁 

𝝏𝟐𝒖𝒊

𝝏𝒙𝒋𝝏𝒙𝒋
 

Write the result also in vector notation. Which term will disappear in 2D? 

 

2) For the flow between concentric rotating cylinders, find the 

temperature distribution with the following boundary conditions.  

𝝎𝟐 = 𝟎,   𝑻𝟐 , 𝝎𝟐 is given and inner cylinder is adiabatic. 

 

 

 

 

 

 

3) The figure for this problem shows a conduit whose cross section is the shape of an equilateral 

triangle. For the coordinate system shown in the figure, the equations of the three sides are  

 

𝑧 +
𝑏

2√3
= 0 

𝑧 + √3𝑦 −
𝑏

√3
= 0 

𝑧 − √3𝑦 −
𝑏

√3
= 0 

Look for a solution for the velocity distribution in this conduit of the following form:  

𝑢(𝑦, 𝑧) = 𝛼(𝑧 +
𝑏

2√3
)(𝑧 + √3𝑦 −

𝑏

√3
)(𝑧 − √3𝑦 −

𝑏

√3
) 

Determine the value of the constant 𝛼 such that the assumed form of solution is exact, with the 

value of this constant being expressed in terms of the applied pressure gradient.  
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Solution 1: Panton 4th 
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In 2D �⃗⃗� ∙ ∇⃗⃗ �⃗� = 0 

 

 

Solution 2: 

𝑇(𝑟) =
𝜇 𝑟1

4𝑟2
2𝑤12(𝑟 − 𝑟2)(𝑟 + 𝑟2)

𝑘𝑟2(𝑟1
2 − 𝑟2

2)2
+

2𝜇 𝑟1
2𝑟2

4𝑤12(𝑙𝑜𝑔 (𝑟2) − 𝑙𝑜𝑔 (𝑟))

𝑘(𝑟1
2 − 𝑟2

2)2
+ 𝑇2 

 

𝑇(𝑟) =
𝜇 𝑟1

2𝑟2
2𝑤12

𝑘(𝑟1
2 − 𝑟2

2)2
[𝑟1

2 (1 − (
𝑟2
𝑟
)
2

) + 2 𝑟2
2 log (

𝑟2
𝑟
)] + 𝑇2 

 

𝑇(𝑟) =
𝜇 𝑟1

4𝑟2
4𝑤12

𝑘(𝑟1
2 − 𝑟2

2)2
[(

1

𝑟2
2
−

1

𝑟2
) +

2

𝑟1
2
 log (

𝑟2
𝑟
)] + 𝑇2 

 

 

 

Solution 3: 

 

𝜕2𝑢

𝜕𝑦2
+

𝜕2𝑢

𝜕𝑧2
=

1

𝜇

𝜕𝑝

𝜕𝑥
 

 

𝑢(𝑦, 𝑧) = 𝛼(𝑧 +
𝑏

2√3
)(𝑧 + √3𝑦 −

𝑏

√3
)(𝑧 − √3𝑦 −

𝑏

√3
) 

 

2𝛼 (−
𝑏

√3
+ √3𝑦 + 𝑧) + 2𝛼 (

𝑏

2√3
− √3𝑦 + 2𝑧) − 6𝛼 (

𝑏

2√3
+ 𝑧) =

1

𝜇

𝜕𝑝

𝜕𝑥
 

 

𝛼 = −
1

2√3𝑏𝜇

𝜕𝑝

𝜕𝑥
 

 

 


