
ENGR:2510 Mechanics of Fluids and Transport Fall 2016 

EXAM 1 Solutions 
 
Problem 1: Manometer and Shear Stress 

 

 

Information and assumptions 
• γf = 80 lb/ft3 
• µf = 0.03 lb⋅s/ft2 
• U = 0.02 ft/s 
• b = 1 in. 
• h = 0.1 in. 
• γ = 100 lb/ft3 
• 𝑢𝑢(𝑦𝑦) = 𝑈𝑈𝑈𝑈

𝑏𝑏
+ 1

2𝜇𝜇
�Δ𝑝𝑝
𝐿𝐿
� (𝑏𝑏𝑏𝑏 − 𝑦𝑦2) 

Find 
• Pressure drop between the two points (1) and (2), ∆p = p1 – p2 
• Shear stress on the fixed plate 

Solution 
(a) Manometer 

𝑝𝑝1 − 𝑝𝑝2 = �𝛾𝛾 − 𝛾𝛾𝑓𝑓�Δℎ (+𝟒𝟒 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩)  

∴ Δ𝑝𝑝 = (100 − 80) �
0.1
12
� = 𝟎𝟎.𝟏𝟏𝟏𝟏𝟏𝟏 𝐥𝐥𝐥𝐥 𝐟𝐟𝐟𝐟𝟐𝟐⁄      (+𝟏𝟏 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 

 (b) Wall shear stress 

𝜏𝜏 = 𝜇𝜇
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

 (+𝟑𝟑 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 

𝜏𝜏 = 𝜇𝜇
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝜇𝜇 �
𝑈𝑈
𝑏𝑏

+
1

2𝜇𝜇
�
Δ𝑝𝑝
𝐿𝐿
� (𝑏𝑏 − 2𝑦𝑦)�  (+𝟏𝟏 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 

∴ 𝜏𝜏𝑤𝑤 = 𝜇𝜇
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
�
𝑦𝑦=0

= (0.03) ��
0.02
1 12⁄ � + �

1
2 × 0.03

� �
0.167
6 12⁄ � �

1
12

− 2 × 0�� = 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎 𝐥𝐥𝐥𝐥 𝐟𝐟𝐟𝐟𝟐𝟐⁄      (+𝟏𝟏 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 
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Problem 2: Hydrostatic Pressure  

          

Information and assumptions 
• γ = 64 lb/ft3 
• Gate width = 4 ft 
• Seawater depth = 17 ft 
• Gate length L = 12 ft 
• Gate angle, tanθ = 7.2 ft / 9.6 ft 

 
Find 

• Pressure force, FR 
• Pressure center, ycp 
• Force by the wall at point A, P 

Solution 
(a) Pressure force 

𝐹𝐹𝑅𝑅 = 𝑝̅𝑝𝐴𝐴 = 𝛾𝛾ℎcg𝐴𝐴     (+𝟒𝟒 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 

𝐹𝐹𝑅𝑅 = (64) �17 −
7.2
2
� (4 × 12) = 𝟒𝟒𝟒𝟒,𝟏𝟏𝟏𝟏𝟏𝟏 𝐥𝐥𝐥𝐥𝐥𝐥      (+𝟏𝟏 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 

 (b) Pressure center 

𝑦𝑦cp =
𝐼𝐼𝑥𝑥
𝑦𝑦�𝐴𝐴

=
𝐼𝐼𝑥𝑥 sin𝜃𝜃
ℎcg𝐴𝐴

      (+𝟐𝟐 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 

𝑦𝑦cp =
�(4)(12)3

12 � �7.2
12�

�17 − 7.2
2 � (4 × 12)

= 𝟎𝟎.𝟓𝟓𝟓𝟓𝟓𝟓 𝐟𝐟𝐟𝐟      (+𝟏𝟏 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 

 (c) Force by the wall 

∑𝑀𝑀𝐵𝐵 = (𝑃𝑃)(7.2) − (41,165)(12 − 6 − 0.537) = 0 (+𝟏𝟏 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 

∴ 𝑃𝑃 =
(41,165)(5.463)

7.2
= 𝟑𝟑𝟑𝟑,𝟐𝟐𝟐𝟐𝟐𝟐 𝐥𝐥𝐥𝐥𝐥𝐥      (+𝟏𝟏 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 
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Problem 3: Bernoulli Equation 
 

 

Information and assumptions 
• γ = 12 N/m3 
• p1 = -γwh 
• γw = 9.8 × 103 N/m3 
• h = 0.3 m 
• D1 = 25 mm 
• D2 = 50 mm 
• P2 = 0 (gage) 

 
Find 

• Flow rate Q to draw water into the section (1). 
• Neglect compressibility and viscous effects 

 
Solution 
 

Bernoulli equation, 

𝑝𝑝1
𝛾𝛾

+
𝑉𝑉12

2g
+ 𝑧𝑧1 =

𝑝𝑝2
𝛾𝛾

+
𝑉𝑉22

2g
+ 𝑧𝑧2 (+𝟑𝟑 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 

where, 𝑧𝑧1 = 𝑧𝑧2 and 𝑝𝑝2 = 0. 

𝑝𝑝1
𝛾𝛾

+
𝑉𝑉12

2g
=
𝑉𝑉22

2g
 (+𝟐𝟐 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 

From continuity equation 𝐴𝐴1𝑉𝑉1 = 𝐴𝐴2𝑉𝑉2, (+𝟏𝟏 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 

𝑉𝑉1 = �
𝐷𝐷2
𝐷𝐷1
�
2

𝑉𝑉2 = �
50
25
�
2

𝑉𝑉2 = 4𝑉𝑉2      (+𝟏𝟏 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 

Thus, 

𝑝𝑝1
𝛾𝛾

=
𝑉𝑉22

2g
−
𝑉𝑉12

2g
= −

15𝑉𝑉22

2g
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Also, 𝑝𝑝1 = −𝛾𝛾𝑤𝑤ℎ so that 

𝑝𝑝1
𝛾𝛾

= −
𝛾𝛾𝑤𝑤ℎ
𝛾𝛾

= −
(9.80 × 103)(0.3)

12
= −245 m (+𝟏𝟏 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 

Thus, 

−245 = −
15𝑉𝑉22

2(9.81) (+𝟏𝟏 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 

or 

𝑉𝑉2 = 17.9 m s⁄  

Finally, 

𝑄𝑄 = 𝐴𝐴2𝑉𝑉2 =
𝜋𝜋
4

(0.05)2(17.9) = 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝐦𝐦𝟑𝟑 𝐬𝐬⁄       (+𝟏𝟏 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 
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Problem 4: Acceleration 

 

Information and assumptions 
• u = 3y and v = 2x 
• Euler equation, ∇p = -ρa 
• ρ = 998 kg/m3 

 
Find 

• Acceleration components ax and ay  at a point x = 1 m and y = �3 2⁄  m 
• Pressure gradient at a point x = 1 m and y = �3 2⁄  m 

Solution 
(a) Acceleration 

𝑎𝑎𝑥𝑥 =
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝑢𝑢
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝑣𝑣
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

 (+𝟐𝟐 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 

𝑎𝑎𝑥𝑥 = 0 + (3𝑦𝑦)(0) + (2𝑥𝑥)(3) = 6𝑥𝑥 (+𝟏𝟏 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 

𝑎𝑎𝑦𝑦 =
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝑢𝑢
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝑣𝑣
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

 (+𝟐𝟐 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 

𝑎𝑎𝑦𝑦 = 0 + (3𝑦𝑦)(2) + (2𝑥𝑥)(0) = 6𝑦𝑦 (+𝟏𝟏 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 

At (1, �3 2⁄ ),  

𝑎𝑎𝑥𝑥 = (6)(1) = 𝟔𝟔𝐦𝐦 𝐬𝐬𝟐𝟐⁄  (+𝟏𝟏 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 

𝑎𝑎𝑦𝑦 = (6) ��3 2⁄ � = 𝟕𝟕.𝟑𝟑𝟑𝟑𝟑𝟑𝐦𝐦 𝐬𝐬𝟐𝟐⁄  (+𝟏𝟏 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 

 (b) Pressure gradient 

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= −𝜌𝜌𝑎𝑎𝑥𝑥 = −(998)(6) = −𝟓𝟓,𝟗𝟗𝟗𝟗𝟗𝟗𝐏𝐏𝐏𝐏 𝐦𝐦⁄  (+𝟏𝟏 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 

 

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= −𝜌𝜌𝑎𝑎𝑦𝑦 = −(998)(7.348) = −𝟕𝟕,𝟑𝟑𝟑𝟑𝟑𝟑𝐏𝐏𝐏𝐏 𝐦𝐦⁄  (+𝟏𝟏 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩) 
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