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Problem 8.68 

 

Solution:  

𝑅𝑅𝑅𝑅 =
𝜌𝜌𝑉𝑉𝐷𝐷
𝜇𝜇

=

𝜌𝜌 𝑄𝑄
𝜋𝜋𝐷𝐷2

4
𝐷𝐷

𝜇𝜇
=

4𝜌𝜌𝑄𝑄
𝜋𝜋𝜇𝜇𝐷𝐷

=
4 × 1.1 × (1 × 103 kg/m3) × (0.025 m3/s)

𝜋𝜋 × (0.18 N ∙ s/m2) × (0.18 m)
= 1080.681712 < 2300 

𝑓𝑓 =
64
𝑅𝑅𝑒𝑒

=
64

1080.681712
= 0.0592 

Therefore, the head lost due to friction is  

ℎ𝑙𝑙 = 𝑓𝑓
𝐿𝐿
𝐷𝐷
𝑉𝑉�2

2
= 0.0592 ×

103 m
0.18 m

×

� (0.025 m3/s)
𝜋𝜋 × (0.18 m)2

4
�

2

2

= 158.78 kJ/kg 

ℎ𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = ℎ𝑙𝑙 + 𝑔𝑔𝑧𝑧2
= (158.78 kJ/kg)
+ (9.81 m/s2) × (103 m)

× �
1

150�
= 224.18 kJ/kg 

𝑊𝑊𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝑄𝑄𝜌𝜌ℎ𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

= (0.025 m3/s) × 1.1
× (1 × 103 kg/m3)
× (224.18 kJ/kg)
= 6164.89 W 

Problem 8.75 

 

Solution:  

��
𝑝𝑝1
𝜌𝜌

+
𝑉𝑉12

2
� − �

𝑝𝑝2
𝜌𝜌

+
𝑉𝑉22

2
� = 𝐾𝐾

𝑉𝑉22

2
𝑉𝑉1𝐴𝐴1 = 𝑉𝑉2𝐴𝐴2

 

Therefore,  

𝑉𝑉2 = �
2(𝑝𝑝1 − 𝑝𝑝2)

𝜌𝜌 �1 − 𝐷𝐷24
𝐷𝐷14

+ 𝐾𝐾�
=

=
�

2 × (3.45 kPa)

(1 × 103 kg/m3) × �1 − (25 mm)4
(50 mm)4 + (0.4)�

= 2.27 m/s 

𝑄𝑄 = 𝑉𝑉2𝐴𝐴2 = (2.27 m/s) ×
𝜋𝜋 × (25 mm)2

4
= 1.11 × 10−3 m3/s 
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2 Problem 8.108 

 

Solution:  

�𝑝𝑝1 +
𝑉𝑉12

2
+ 𝑔𝑔𝑧𝑧1� − �𝑝𝑝2 +

𝑉𝑉22

2
+ 𝑔𝑔𝑧𝑧2�

= ℎ𝑙𝑙 + ℎ𝑙𝑙𝑙𝑙

= �𝑓𝑓
𝐿𝐿 − 𝐷𝐷
𝑑𝑑

− 𝐾𝐾𝑒𝑒𝑒𝑒𝑒𝑒

+ 𝐾𝐾𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒�
𝑉𝑉2

2
 

Therefore,  

𝑔𝑔∆ℎ = ℎ𝑙𝑙𝑙𝑙 = �𝑓𝑓
𝐿𝐿 − 𝐷𝐷
𝑑𝑑

− 𝐾𝐾𝑒𝑒𝑒𝑒𝑒𝑒 + 𝐾𝐾𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒�
𝑉𝑉2

2
 

⎩
⎪⎪
⎪
⎨

⎪⎪
⎪
⎧ 1
�𝑓𝑓

= −2.0 log�
𝑒𝑒
𝐷𝐷

3.7
+

2.51
𝑅𝑅𝑅𝑅�𝑓𝑓

�

𝑅𝑅𝑅𝑅 =
𝑉𝑉𝐷𝐷
𝑣𝑣

𝑉𝑉 = �
2𝑔𝑔∆ℎ

𝑓𝑓 𝐿𝐿 − 𝐷𝐷
𝑑𝑑 − 𝐾𝐾𝑒𝑒𝑒𝑒𝑒𝑒 + 𝐾𝐾𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

 

⇒ 𝑉𝑉 = 0.0423 m/s 




	Problem 8.68
	Problem 8.75
	Problem 8.108



