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Lecture-Six 

Applications of Viscous Turbulent Flow in Pipes 

 
1- Application-1 
          A pump delivers water from a tank (A)( water surface elevation=110m) to tank B (water surface 

elevation= 170m). The suction pipe is 45m long and 35cm in diameter the delivered pipe is 950m long 

25cm in diameter. Loss head due to friction 𝒉𝒇𝟏 = 5𝑚 and hf2 = 3m If the piping are from 

pipe(1)= steel sheet metal   

pipe(2)= stainless – steel  

Calculate the following 

i) The discharge in the pipeline  

ii) The power delivered by the pump. 

Sol.  
Given  

𝜈𝑤 = 1.007 ∗ 10−6 𝑚2

𝑠
  

𝑑1 = 35 𝑐𝑚 = 0.35𝑚 ; 𝑑2 = 25𝑐𝑚 = 0.25𝑚   
𝐿1 = 45𝑚 ; 𝐿2 = 950 𝑚  

From table 1, ∈1= 0.05 𝑚𝑚  

∈2= 0.002 𝑚𝑚  
∈1

𝑑1
=

0.05

350
= 1.428 ∗ 10−4  

∈2

𝑑2
=

0.002

250
= 8 ∗ 10−6  

Assume 𝑓1 = 0.013; 𝑓2 = 0.008  

ℎ𝑓1 =  𝑓1
𝐿1

𝑑1
 .

𝑉1
2

2𝑔
  

5 = 0.013
45

0.35
 .

𝑉1
2

2∗9.81
− −−→  𝑉1 = 7.66

𝑚

𝑠
−→  𝑅𝑒1 =

𝑉 𝑑

𝜈
=

7.66∗0.35

1.007∗10−6  

𝑅𝑒1 = 2662363 = 2.66 ∗ 106  

ℎ𝑓2 =  𝑓2
𝐿2

𝑑2

𝑉2
2

2𝑔
= 0.008

950

0.25
.

𝑉2
2

2∗9.81
= 3.0𝑚  

𝑉2 = 1.39
𝑚

𝑠
     𝑅𝑒2 =

1.39∗0.25

1.007∗10−6
= 3.45 ∗ 105  

1st Trail 

(𝑅𝑒1&
∈1

𝑑1
) − −→  𝑓1 = 0.0138      from Fig.1 

(𝑅𝑒2&
∈2

𝑑2
) −→  𝑓2 = 0.014           from Fig.1 

ℎ𝑓1 = 5 = 0.0138
45

0.35
.

𝑉1
2

2∗9.81
−→  𝑉1 = 7.435

𝑚

𝑠
− −−→  𝑅𝑒1 = 2.58 ∗ 106  

ℎ𝑓2 = 3 = 0.014
950

0.25

𝑉2
2

2∗9.81
− −→  𝑉2 = 1.051

𝑚

𝑠
− −→  𝑅𝑒2 = 2.6 ∗ 105  

2 𝑛𝑑  𝑡𝑟𝑖𝑎𝑙  and from fig.1 

 (𝑅𝑒1&
∈1

𝑑1
)      𝑓1 = 0.0165 , 𝑓2 = 0.015   

From f1 &f2 

ℎ𝑓1 = 5 = 0.0165
45

0.35

𝑉1
2

2∗9.81
 → 𝑉1 = 6.8 𝑚/𝑠  
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ℎ𝑓2 = 3 = 0.015
950

0.25

𝑉2
2

2∗9.81
   →  𝑉2 = 1.01 𝑚/𝑠  

 

Re1=2.36*106 

Re2=2.52*105 

 

3𝑟𝑑    𝑡𝑟𝑖𝑎𝑙   

 (𝑅𝑒1&
∈1

𝑑1
) , (𝑅𝑒2&

∈2

𝑑2
)    →  𝑓1 = 0.0169, 𝑓2 = 0.015     

From Darcy-equation gives V1=0.6.72 m/s, V2=1.016 m/s. 

Q=A1*V1= 0.6462 m3/s 

From energy equation 

𝑝1

𝛾
+

𝑉1
2

2𝑔
+ 𝑧1 + ℎ𝑝 =

𝑝2

𝛾
+

𝑉1
2

2𝑔
+ 𝑧2 + ℎ𝑓 

(6.72)2

2∗9.81
+ 110 + ℎ𝑝 =

(1.016)2

2∗9.81
+ 170 + 8     Since p1=p2 

hp = 65.75 m 

𝑃 = 𝛾𝑄ℎ𝑝 = 9810 ∗ 0.6462 ∗ 65.75 = 416.8 𝑘𝑊  The power delivered by the pump. 

 

2- Application-2 
          In a pipeline of diameter 350mm and length 75m, water is flowing at a velocity of 2.8 m/s. Find 

the head lost due to friction, using Darcy-Eq.& Moody chart, pipe material is Steel–Riveted kinematic 

viscosity = 0.012 stoke  

Sol. 

ℎ𝑓 = 𝑓
𝐿

𝑑
.

𝑉2

2𝑔
 ; 𝑑 = 0.35𝑚 , 𝐿 = 75𝑚; 𝑉 = 2.8

𝑚

𝑠
  

From table 1 for steel riveted ∈=3.0 mm 
∈

𝑑
=

0.003

0.35
= 8.57 ∗ 10−3  

1
𝑚2

𝑠
= 104 𝑠𝑡𝑜𝑘𝑒 ∴  =   0.012 ∗ 10−4 𝑚2

𝑠
  

𝑅𝑒 =
𝑉𝑑


=

2.8∗0.35

0.012∗10−4 = 816666 = 8.1 ∗ 105  

𝑎𝑡 (𝑅𝑒 &  
∈

𝑑
) −→ 𝑓 = 0.0358  

∴  ℎ𝑓 = 0.0358
75

0.35

2.82

2∗9.81 
= 3.0𝑚   

By determine the value of f  by Eq. 7.45. ref. [1] 

1

𝑓
1
2

 ≈ −1.8 log [
6.9

𝑅𝑒𝑑
+ (

∈

𝑑

3.7
)

1.11

]  

1

𝑓
1
2

=  −1.8 log(
6.9

8.16∗106 + (
8.57∗10−3

3.7
)1.11 ) = 5.2646  

f=0.036                               Δf = 0.0002 
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3- Application-3. 
         Oil having absolute viscosity 0.1 Pa.s and relative density 0.85 flow through an iron pipe with 

diameter 305mm and length 3048 m with flow rate 44.4 ∗ 10−3 𝑚3

𝑠
. Determine the head loss per unit 

weight in pipe. 

Sol. 

 𝑉 =
𝑄

𝐴
=

44.4∗10−3

1

4
𝜋(0.305)2

= 0.61
𝑚

𝑆
  

𝑅𝑒 =
𝑉𝑑𝜌

𝜇
=

0.61∗0.305∗850

0.1
= 1580   

i.e the flow is laminar . 

𝑓 =
64

𝑅𝑒
=

64

1580
= 0.0407   

∴  ℎ𝑓 = 𝑓
𝐿

𝑑

𝑉

2𝑔
= 0.0407 ∗

3048

0.305
∗

(0.61)2

2𝑔
=  7.71 𝑚  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1): The Moody chart for pipe friction with smooth and rough walls. 
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Table 1: Recommended roughness values. 

 

   

 

 

 

 

 

 

 

 


