
ENGR:2510 Mechanics of Fluids and Transport Fall 2015 

EXAM1    Solutions 
 
Problem 1: Shear stress (Chapter 1) 

 

Information and assumptions 
• 𝜇𝜇 = 0.020 𝑙𝑙𝑙𝑙 𝑠𝑠/𝑓𝑓𝑡𝑡2 
• 𝑉𝑉 = 19 𝑓𝑓𝑡𝑡/𝑠𝑠 

Find 
• Find (a) shear stress on piston surface, (b) required force 

 
Solution 
(a) Shear stress 

𝜏𝜏 = 𝜇𝜇
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

 

 

+5 points 

𝑑𝑑 =
𝑉𝑉
ℎ
𝑑𝑑 

 

 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=
𝑉𝑉
ℎ

 

 

+2 points 

∴ 𝜏𝜏 = 𝜇𝜇
𝑉𝑉
ℎ

= �0.020
𝑙𝑙𝑙𝑙 𝑠𝑠 
𝑓𝑓𝑡𝑡2

� �
19 𝑓𝑓𝑡𝑡/𝑠𝑠

(5.000 − 4.990)  2 𝑖𝑖𝑖𝑖 × 1 𝑓𝑓𝑡𝑡
12 𝑖𝑖𝑖𝑖�

� = 𝟗𝟗𝟗𝟗𝟗𝟗 𝐥𝐥𝐥𝐥 𝐟𝐟𝐟𝐟𝟗𝟗⁄  

 

+1 points 

  
(b) Force required 

𝐹𝐹𝑓𝑓 = 𝜏𝜏𝜏𝜏 
 

+1 points 

𝐹𝐹𝑓𝑓 = (912 𝑙𝑙𝑙𝑙/𝑓𝑓𝑡𝑡2) �𝜋𝜋 �
4.990

12
� �

3
12
�� = 𝟗𝟗𝟗𝟗𝟐𝟐 𝐥𝐥𝐥𝐥 

 

+1 points 
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EXAM1    Solutions 
 
Problem 2: Hydrostatic force (Chapter 2) 
Information and assumptions 

• Gate width is 3 m 
• 𝛾𝛾 = 9.80 𝑘𝑘𝑘𝑘/𝑚𝑚3  

Find 
• Find (a) the hydrostatic force, (b) pressuce center and 

(c) the Force F  
 
Solution 
 (a) Pressure force 

𝐹𝐹𝑅𝑅 = �̅�𝑝𝜏𝜏 = 𝛾𝛾ℎ𝑐𝑐𝜏𝜏 
 

+3 points 

𝐹𝐹𝑅𝑅 = (9800) �1.5 +
3 sin 30∘

2
� (3 × 3) = 𝟗𝟗𝟗𝟗𝟐𝟐.𝟒𝟒𝟒𝟒 𝐤𝐤𝐤𝐤 

 

+1 points 

  
(b) Pressure center 

𝑑𝑑� =
1.5

sin 30∘
+

3
2

= 4.5 m 

 

+1 points 

𝑑𝑑𝑅𝑅 = 𝑑𝑑� +
𝐼𝐼𝑥𝑥
𝑑𝑑�𝜏𝜏

 

 

+2 points 

𝑑𝑑𝑅𝑅 = 4.5 +
(3)(3)3 12⁄
(4.5)(3 × 3) = 𝟒𝟒.𝟔𝟔𝟔𝟔𝟔𝟔 𝐦𝐦 

 

+1 points 

  
  

(c) Force to hold the gate closed 

∑𝑀𝑀𝐻𝐻 = �𝑑𝑑𝑅𝑅 −
1.5

sin 30∘
� (198,480) − (3)(𝐹𝐹) = 0 

 

+1 points 

∴ 𝐹𝐹 =
(4.667 − 3)(198,480)

3
= 𝟗𝟗𝟗𝟗𝟏𝟏.𝟗𝟗𝟗𝟗 𝐤𝐤𝐤𝐤 

 

+1 points 
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Problem 3: Bernoulli equation (Chapter 3)  
Information and assumptions 

• 𝛾𝛾 = 64.2 𝑙𝑙𝑙𝑙/𝑓𝑓𝑡𝑡3  
• Ignore friction loss 
• SG = 13.6 for the manometer fluid 
• 𝑔𝑔 = 32.2 𝑓𝑓𝑡𝑡/𝑠𝑠2  

Find 
•  Determine (a) pressure drop, (b) flow rate 

 
Solution 
 

a) Manometer 

𝑝𝑝𝐴𝐴 + �𝑧𝑧 +
14.3
12

� 𝛾𝛾 −
14.3
12

(SG ⋅ 𝛾𝛾) − �𝑧𝑧 +
30
12
� 𝛾𝛾 = 𝑝𝑝𝐵𝐵   

∴ Δ𝑝𝑝 = 𝑝𝑝𝐴𝐴 − 𝑝𝑝𝐵𝐵 = �
30
12

+ �
14.3
12

− 1� ⋅ (13.6)� (64.2) = 𝟗𝟗𝟗𝟗𝟗𝟗𝟒𝟒.𝟒𝟒𝟔𝟔 𝐥𝐥𝐥𝐥 𝐟𝐟𝐟𝐟𝟗𝟗⁄  
+2 points 

  

b) Continuity equation 

𝜏𝜏𝐴𝐴𝑉𝑉𝐴𝐴 = 𝜏𝜏𝐵𝐵𝑉𝑉𝐵𝐵  
 

+1 points 

𝑉𝑉𝐴𝐴 = �
𝜏𝜏𝐵𝐵
𝜏𝜏𝐴𝐴
�𝑉𝑉𝐵𝐵 = �

6
12
�
2

𝑉𝑉𝐵𝐵 = 0.25𝑉𝑉𝐵𝐵  

 

+1 points 

      Bernoulli equation 

𝑝𝑝𝐴𝐴
𝛾𝛾

+
𝑣𝑣𝐴𝐴2

2g
+ 𝑧𝑧𝐴𝐴 =

𝑝𝑝𝐵𝐵
𝛾𝛾

+
𝑣𝑣𝐵𝐵2

2g
+ 𝑧𝑧𝐵𝐵 

 

+3 points 

𝑝𝑝𝐴𝐴
64.2

+
(0.25𝑉𝑉𝐵𝐵)2

(2)(32.2) + 𝑧𝑧𝐴𝐴 =
𝑝𝑝𝐵𝐵

64.2
+

𝑉𝑉𝐵𝐵2

(2)(32.2) + �𝑧𝑧𝐴𝐴 +
30
12
� 

 

+ 2 points 

∴ 𝑉𝑉𝐵𝐵 = �
(2)(32.2)
1 − 0.252

�
𝑝𝑝𝐴𝐴 − 𝑝𝑝𝐵𝐵

64.2
−

30
12
� = 𝟑𝟑𝟗𝟗.𝟗𝟗𝟗𝟗 𝐟𝐟𝐟𝐟 𝐬𝐬⁄   

 

 

∴ 𝑄𝑄 = 𝜏𝜏𝐵𝐵𝑉𝑉𝐵𝐵 = �
𝜋𝜋(6 12⁄ )2

4
� (32.12) = 𝟔𝟔.𝟑𝟑𝟗𝟗 𝐟𝐟𝐟𝐟𝟑𝟑 𝐬𝐬⁄  

 

+ 1 points 
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Problem 4: Acceleration and Euler equation (Chapter 4) 
Information and assumptions 

• Two dimensional flow 
• 𝑉𝑉 = 𝐾𝐾𝐾𝐾 �̂�𝒊 − 𝐾𝐾𝑑𝑑 𝒋𝒋 
• 𝐾𝐾 = 2 𝑠𝑠−1 
• 𝜌𝜌 = 998 𝑘𝑘𝑔𝑔/𝑚𝑚3  
• 𝜇𝜇 = 1.003 × 10−3 𝑘𝑘𝑠𝑠/𝑚𝑚2 
• 𝜌𝜌𝑎𝑎𝑦𝑦 = −𝜕𝜕𝜕𝜕

𝜕𝜕𝑦𝑦
+ 𝜇𝜇 �𝜕𝜕

2𝑣𝑣
𝜕𝜕𝑥𝑥2

+ 𝜕𝜕2𝑣𝑣
𝜕𝜕𝑦𝑦2

� 
Find 

• Calculate (a) the acceleration components, and 
(b) pressure gradient ∂p/∂y, at x = 0, y = 1. 

 

Solution 
(a) Acceleration 

𝑎𝑎𝑥𝑥 =
𝜕𝜕𝑑𝑑
𝜕𝜕𝑡𝑡

+ 𝑑𝑑
𝜕𝜕𝑑𝑑
𝜕𝜕𝐾𝐾

+ 𝑣𝑣
𝜕𝜕𝑑𝑑
𝜕𝜕𝑑𝑑

 

 

+2 points 

𝑎𝑎𝑥𝑥 = 0 + (𝐾𝐾𝐾𝐾)(𝐾𝐾) + (−𝐾𝐾𝑑𝑑)(0) = 𝐾𝐾2𝐾𝐾 
 

+1 points 

At (0, 1) 
𝑎𝑎𝑥𝑥 = (2)2(0) = 𝟏𝟏𝐦𝐦 𝐬𝐬𝟗𝟗⁄  

 

+0.5 points 

𝑎𝑎𝑦𝑦 =
𝜕𝜕𝑣𝑣
𝜕𝜕𝑡𝑡

+ 𝑑𝑑
𝜕𝜕𝑣𝑣
𝜕𝜕𝐾𝐾

+ 𝑣𝑣
𝜕𝜕𝑣𝑣
𝜕𝜕𝑑𝑑

 

 

+2 points 

𝑎𝑎𝑦𝑦 =
𝜕𝜕𝑣𝑣
𝜕𝜕𝑡𝑡

+ 𝑑𝑑
𝜕𝜕𝑣𝑣
𝜕𝜕𝐾𝐾

+ 𝑣𝑣
𝜕𝜕𝑣𝑣
𝜕𝜕𝑑𝑑

= 0 + (𝐾𝐾𝐾𝐾)(0) + (−𝐾𝐾𝑑𝑑)(−𝐾𝐾) = 𝐾𝐾2𝑑𝑑 

 

+1 points 

At (0, 1) 
𝑎𝑎𝑦𝑦 = (2)2(1) = 𝟒𝟒𝐦𝐦 𝐬𝐬𝟗𝟗⁄  

 

+0.5 points 

 
 

 

(b) Navier-Stokes equation 

𝜌𝜌𝑎𝑎𝑦𝑦 = −
𝜕𝜕𝑝𝑝
𝜕𝜕𝑑𝑑

+ 𝜇𝜇(0 + 0) 

 

+2 points 
 

∴
𝜕𝜕𝑝𝑝
𝜕𝜕𝑑𝑑

= −𝜌𝜌𝑎𝑎𝑦𝑦 = −(998)(4) = −𝟑𝟑,𝟗𝟗𝟗𝟗𝟗𝟗𝐏𝐏𝐏𝐏 𝐦𝐦⁄  

 

+1 points 
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