
57:020 Mechanics of Fluids and Transport  Fall 2013 

EXAM1    Solutions 
 
Problem 1: Shear stress (Chapter 1) 
Information and assumptions 

• 𝜇 = 0.001 lb⋅s/ft2 
• (a) 𝑢 = 15𝑦  
• (b) 𝑢 = 45 − 5(3− 𝑦)2 

Find 
• Find the shear stress at the boundary (y=0)and 3” 

from the boundary (y=3”)  
 

 
 
 
Solution 

  
 

𝜏 = 𝜇
𝑑𝑢
𝑑𝑦

 (+5 points) 

(a) Straight-line 

𝑑𝑢
𝑑𝑦

=
𝑑
𝑑𝑦

(15𝑦) = 15  

and 

𝑑𝑢
𝑑𝑦
�
𝑦=0

=
𝑑𝑢
𝑑𝑦
�
𝑦=3

= 15 s−1 (+1 point) 

Thus, 

𝜏𝑦=0 = 𝜏𝑦=3 = (0.001 lb ⋅ s/ft2)(15 s−1) = 𝟎.𝟎𝟏𝟓 𝐥𝐛/𝐟𝐭𝟐 (+1 point) 
 

(b) Parabolic 

𝑑𝑢
𝑑𝑦

= 10(3 − 𝑦)  (+1 point) 

and 

𝑑𝑢
𝑑𝑦
�
𝑦=0

= 10(3− 0) = 30 s−1 (+0.5 point) 

𝑑𝑢
𝑑𝑦
�
𝑦=3

= 10(3 − 3) = 0 s−1 (+0.5 point) 

Thus, 

𝜏𝑦=0 = (0.001 lb ⋅ s/ft2)(30 s−1) = 𝟎.𝟎𝟑 𝐥𝐛/𝐟𝐭𝟐 (+0.5 point) 
𝜏𝑦=3 = (0.001 lb ⋅ s/ft2)(0 s−1) = 𝟎 𝐥𝐛/𝐟𝐭𝟐 (+0.5 point) 
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EXAM1    Solutions 
 
Problem 2: Hydrostatic force (Chapter 2) 
Information and assumptions 

• Use gauge pressure. 
• 𝛾𝑤𝑎𝑡𝑒𝑟 = 62.4 lb/ft3 

Find 
• Determine the magnitude and location of the 

vertical and horizontal components of the 
hydrostatic force 

 
 
 
 
 
 
Solution 
 

 (a) Pressure force 

𝐹𝐻 = 𝛾ℎ𝑐𝐴 = (62.4) �
6
2
� (6 × 10) = 𝟏𝟏,𝟐𝟑𝟐 𝐥𝐛 

 
(+2.5 points) 

𝐹𝑉 = 𝛾𝑉 = (62.4)�
(𝜋)(6)2

4 � (10) = 𝟏𝟕,𝟔𝟒𝟑 𝐥𝐛 (+2.5 points) 

 

(b) Pressure center 

𝐹𝐻 is located at 

𝑦 = 𝑦𝑐 +
𝐼𝑥𝑐
𝑦𝑐𝐴

= �
6
2
� +

(6)3(10) 12⁄
(6 2⁄ )(6)(10)

= 𝟒 𝐟𝐭 (+2.5 points) 

 

𝐹𝑉 is located at the center of gravity of area ABC, or   

𝑥 =
4𝑅
3𝜋

=
(4)(6)

3𝜋
= 𝟐.𝟓𝟓 𝐟𝐭 (+2.5 points) 
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EXAM1    Solutions 
 
Problem 3: Bernoulli equation (Chapter 3) 
Information and assumptions 

• 𝑄 = 0.142 kg/m3 
• Ignore friction loss 
• SG = 13.6 for the manometer fluid 
• 𝛾𝑤𝑎𝑡𝑒𝑟 = 9,780 N/m3 

Find 
• Determine the h 

 
 

Solution 
 

Continuity equation 

𝑄 = 𝐴𝑉 
 (+1 point) 

 

𝑉1 =
𝑄
𝐴1

=
0.142

𝜋(0.3)2 4⁄
= 2 𝑚/𝑠 

 

(+0.5 point) 

𝑉2 =
𝑄
𝐴2

=
0.142

𝜋(0.15)2 4⁄
= 8 𝑚/𝑠 (+0.5 point) 

Bernoulli equation, 

𝑝1
𝛾

+
𝑉12

2𝑔
+ 𝑧1 =

𝑝2
𝛾

+
𝑉22

2𝑔
+ 𝑧2 (+4 points) 

 

Since 𝑉1 = 2 m/s, 𝑉2 = 8 m/s, and 𝑧1 = 𝑧2,  

𝑝1 − 𝑝2 =
𝛾

2𝑔
(𝑉22 − 𝑉12) = �

9,780
2 × 9.81

� [(8)2 − (2)2] = 29,908 Pa (+1 points) 

 

Manometer equation, 

𝑝1 − 𝑝2 = ℎ(𝛾𝑚 − 𝛾𝑤) (+2 points) 
or 

ℎ =
1

𝛾𝑚 − 𝛾𝑤
(𝑝1 − 𝑝2) =

1
(13.6 − 1)(9780)

× 29,908 = 𝟎.𝟐𝟒𝟑 𝐦 (+1 point) 
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EXAM1    Solutions 
 
Problem 4: Acceleration and Euler equation (Chapter 4) 
Information and assumptions 

• Two dimensional flow 
• 𝑽 = −𝑥 𝒊 + 𝑧 𝒋 
• Viscosity effects are negligible 
• ∇𝑝 = −𝜌 �𝑎 − 𝑔� 
• 𝜌 = 1.23 kg/m3 

Find 
• Acceleration 𝑎𝑥  and 𝑎𝑦 at  x=0.5m, z=0.1m 

• Pressure gradients �𝜕𝑝
𝜕𝑥

, 𝜕𝑝
𝜕𝑧
� at x=0.5m, z=0.1m 

 
 
 
Solution 
 
 (a) Acceleration, 

𝑎𝑥 =
𝜕𝑢
𝜕𝑡

+ �𝑢
𝜕𝑢
𝜕𝑥

+ 𝑤
𝜕𝑢
𝜕𝑧
� = 0 + (−𝑥)(−1) + (𝑧)(0) = 𝑥 (+3 points) 

𝑎𝑧 =
𝜕𝑤
𝜕𝑡

+ �𝑢
𝜕𝑤
𝜕𝑥

+ 𝑤
𝜕𝑤
𝜕𝑧
� = 0 + (−𝑥)(0) + (𝑧)(1) = 𝑧 (+3 points) 

At point 1, 

𝒂𝒙 = 𝟎.𝟓 𝐦/𝐬𝟐 (+0.5 point) 

𝒂𝒛 = 𝟎.𝟏 𝐦/𝐬𝟐 (+0.5 point) 
(b) Pressure gradient, 

𝜕𝑝
𝜕𝑥

= −𝜌(𝑎𝑥) (+1 points) 

𝜕𝑝
𝜕𝑧

= −𝜌(𝑎𝑧 + 𝑔) (+1 points) 

 
At point 1, 
 

𝜕𝑝
𝜕𝑥

= −(1.23)(0.5− 0) = −𝟎.𝟔𝟏𝟓 𝐏𝐚/𝐦 (+0.5 point) 

𝜕𝑝
𝜕𝑧

= −(1.23)(0.1 + 9.81) = −𝟏𝟐.𝟏𝟗 𝐏𝐚/𝐦 (+0.5 point) 
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