
57:020 Mechanics of Fluids and Transport  Fall 2009 

EXAM1    Solutions 
 

Problem 1: Shear stress (Chapter 1) 

Information and assumptions 

• 𝑢𝑢
𝑈𝑈

= 2 𝑦𝑦
ℎ
− 𝑦𝑦2

ℎ2 

• 𝜇𝜇 = 1.12 × 10-3 N⋅s/m2 
• U = 2 m/s 
• h = 0.1 m 

Find 
• shearing stress that the water exerts on the 

fixed surface 

Solution 
 

𝜏𝜏 = 𝜇𝜇
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

 (+4 points) 

 
where 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=
2𝑈𝑈
ℎ
�1 −

𝑦𝑦
ℎ
� (+3 points) 

 
At the fixed surface (𝑦𝑦 = 0) 

�
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
�
𝑦𝑦=0

=
2𝑈𝑈
ℎ

 (+1 point) 

 
So that 

𝜏𝜏 = 𝜇𝜇 �
2𝑈𝑈
ℎ
� = �1.12 × 10−3 N ⋅ s

m2 �
(2) �2 m

s �
(0.1 m) = 𝟒𝟒.𝟒𝟒𝟒𝟒 × 𝟏𝟏𝟏𝟏−𝟐𝟐  𝐍𝐍 𝐦𝐦𝟐𝟐⁄  (+2 points) 
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Problem 2: Hydrostatic force (Chapter 2) 

Information and assumptions 
• 𝛾𝛾 = 9790 N/m3 
• A quarter-circle 50 m wide dam 
• Water depth = 20 m  

Find 
•  the horizontal and vertical components of hy-

drostatic force against the dam and the angle of 
the resultant force from the vertical  

Solution 
The horizontal force acts as if the dam were vertical and 20 m high: 

𝐹𝐹𝐻𝐻 = 𝛾𝛾ℎ𝑐𝑐𝐴𝐴 = �9790
N

m3� (10 m)(20 × 50 m2) = 𝟗𝟗𝟗𝟗.𝟗𝟗 𝐌𝐌𝐌𝐌 (+4 points) 

 
The vertical force is the weight of the fluid above the dam: 

𝐹𝐹𝑉𝑉 = 𝛾𝛾𝑉𝑉 = �9790
N

m3� �
𝜋𝜋
4
� (20 m)2(50 m) = 𝟏𝟏𝟏𝟏𝟏𝟏.𝟖𝟖 𝐌𝐌𝐌𝐌 (+4 points) 

 
The angle of the resultant force from the vertical is 

𝜃𝜃 = tan−1 �
𝐹𝐹𝐻𝐻
𝐹𝐹𝑉𝑉
� = 𝟑𝟑𝟑𝟑.𝟓𝟓∘ (+2 points) 
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Problem 3: Bernoulli equation (Chapter 3) 

Information and assumptions 
• Blood (SG = 1, ρwater = 999 Kg/m3) 
• V1 = 0.5 m/s 
• A2 = 1.8A1 
• Steady and inviscid flow 

 

Find 
• pressure difference between the blood in the aneurysm and that in the artery 

Solution 
From Bernoulli equation, 

𝑝𝑝1 +
1
2
𝜌𝜌𝑉𝑉1

2 + 𝛾𝛾𝑧𝑧1 = 𝑝𝑝2 +
1
2
𝜌𝜌𝑉𝑉2

2 + 𝛾𝛾𝑧𝑧2  

 
where 𝑧𝑧1 = 𝑧𝑧2.  Or, 

𝑝𝑝2 − 𝑃𝑃1 =
1
2
𝜌𝜌(𝑉𝑉1

2 − 𝑉𝑉2
2) (+4 points) 

However, 

𝜌𝜌 = 𝜌𝜌𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 ⋅ SG = (999 kg m3⁄ )(1) = 999 kg m3⁄   
 
and from continuity, 

𝑉𝑉1𝐴𝐴1 = 𝑉𝑉2𝐴𝐴2  
or 

𝑉𝑉2 =
𝐴𝐴1

𝐴𝐴2
𝑉𝑉1 = �

1
1.8

�𝑉𝑉1 (+4 points) 

 
Thus, 

𝑝𝑝2 − 𝑝𝑝1 =
1
2
�999

kg
m3� ��0.5

m
s
�

2
− �

1
1.8

�
2
�0.5

m
s
�

2
� = 𝟖𝟖𝟖𝟖.𝟑𝟑  𝐏𝐏𝐏𝐏 (+2 points) 
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Problem 4: Acceleration (Chapter 4) 

Information and assumptions 
• Steady flow through a nozzle 
• 𝑢𝑢 = −𝑉𝑉0𝑥𝑥 ℓ⁄  and 𝑣𝑣 = 𝑉𝑉0[1 + (𝑦𝑦 ℓ⁄ )], where 𝑉𝑉0 and ℓ are 

constants 
• water with 𝑉𝑉0 = 1𝑚𝑚 𝑠𝑠⁄  and ℓ = 0.1 𝑚𝑚 
• Neglect viscous effects and use the Euler quation 

Find 
• pressure gradient along the y-axis at point (2), or at (𝑥𝑥,𝑦𝑦) = 

(0 m, 0 m) 

Solution 
Pressure gradient along the y-axis by using the Euler equation can be written as 

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= −𝜌𝜌(𝑎𝑎𝑦𝑦 + 𝑔𝑔) (+2 points) 

 Where, 

𝑎𝑎𝑦𝑦 =
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝑢𝑢
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝑣𝑣
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

  

= 0 + �−𝑉𝑉0
𝑥𝑥
ℓ
� (0) + 𝑉𝑉0 �1 +

𝑦𝑦
ℓ
� �
𝑉𝑉0

ℓ
� =

𝑉𝑉0
2

ℓ
�1 +

𝑦𝑦
ℓ
� (+5 points) 

 

 Thus, 

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= −𝜌𝜌 �
𝑉𝑉0

2

ℓ
�1 +

𝑦𝑦
ℓ
� + 𝑔𝑔� (+2 points) 

 

 At (𝑥𝑥,𝑦𝑦) = (0 m, 0 m) 

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= −�999
kg
m3� �

�1 m
s �

2

0.1 m
�1 +

0 m
0.1 m

�+ 9.81
m
s2� = −𝟏𝟏𝟏𝟏,𝟕𝟕𝟕𝟕𝟕𝟕 𝐏𝐏𝐏𝐏 𝐦𝐦⁄  

 

(+1 point) 
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