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Example Problem: Piping System Analysis with Head Losses 
Water at 20oC is pumped between two large tanks at a steady flow rate of 
5.7 liters per second through a 2-inch NPS Schedule 40 commercial steel 
pipe (inside diameter d=52.5 mm). The pipe is 100 m long and the elevation 
change is 30 m. Minor head losses are caused by the valves, fittings etc., as 
shown in the sketch. 
For a pump efficiency of 70%, estimate the
shaft power that must be delivered to
the centrifugal pump.
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Steady flow energy equation from points ① and ② on the reservoir surfaces

 
𝑝𝑝1
𝛾𝛾

+ 𝑉𝑉12

2𝑔𝑔
+ 𝑧𝑧1 − ℎ𝑓𝑓 − ∑ℎ𝑚𝑚 + ℎ𝑝𝑝 = 𝑝𝑝2

𝛾𝛾
+ 𝑉𝑉22

2𝑔𝑔
+ 𝑧𝑧2 𝑁𝑁𝑁𝑁

𝑁𝑁
≡ 𝑚𝑚   “head”  

 
Solve for ℎ𝑝𝑝:

 ℎ𝑝𝑝 = 𝑧𝑧2 − 𝑧𝑧1 + ℎ𝑓𝑓 + ∑ℎ𝑚𝑚 − 𝑝𝑝1
𝛾𝛾

 𝐸𝐸𝐸𝐸. (1)

Pipe head loss: ℎ𝑓𝑓 = 𝑓𝑓 𝐿𝐿
𝑑𝑑
𝑉𝑉2

2𝑔𝑔
 

Minor head losses: ∑ℎ𝑚𝑚 =  ∑𝐾𝐾 𝑉𝑉2

2𝑔𝑔
 

Solution

Pipe head loss (viscous dissipation)

Minor head losses (valves, fittings…)

𝑉𝑉2 ≈ 0𝑉𝑉1 ≈ 0 𝑝𝑝2 = 0 (𝑔𝑔)

Minor loss
coefficient 

Darcy friction factor



Solution
Starting with pipe head loss:    ℎ𝑓𝑓 = 𝑓𝑓 𝐿𝐿

𝑑𝑑
𝑉𝑉2

2𝑔𝑔
 

• Friction factor 𝑓𝑓 from the Moody Diagram

• 𝑓𝑓 depends on 𝑅𝑅𝑅𝑅𝑑𝑑 and pipe relative roughness 𝜀𝜀/𝑑𝑑

      𝑉𝑉 = 𝑄𝑄
𝐴𝐴

= 4𝑄𝑄
𝜋𝜋𝑑𝑑2

=
4(5.7×10−3𝑚𝑚

3

𝑠𝑠 )

𝜋𝜋(0.0525 )2𝑚𝑚2 = 2.63𝑚𝑚
𝑠𝑠

 

 

     𝑅𝑅𝑅𝑅𝑑𝑑 = 𝜌𝜌𝜌𝜌𝜌𝜌
𝜇𝜇

• Commercial steel pipe:

𝑑𝑑 = 52.5 𝑚𝑚𝑚𝑚, 𝐿𝐿 = 100 m 
𝑄𝑄 = 5.7 ℓ/𝑠𝑠  

Water at 20oC (Table A.1)
𝜌𝜌 = 998 𝑘𝑘𝑘𝑘/𝑚𝑚3 
𝜇𝜇 = 1.003 × 10−3 𝑘𝑘𝑘𝑘/(𝑚𝑚𝑚𝑚) 

1000 ℓ = 1 𝑚𝑚3

=
998 𝑘𝑘𝑘𝑘/𝑚𝑚3(2.63𝑚𝑚𝑠𝑠 )(0.0525𝑚𝑚)

1.003 × 10−3 𝑘𝑘𝑘𝑘/(𝑚𝑚𝑚𝑚) = 1.37 × 105

(Fully Turbulent)

𝑓𝑓

𝑅𝑅𝑅𝑅𝑑𝑑   

Table 6.1 Pipe Roughness (𝜀𝜀)



• Commercial steel pipe:    ε ≈ 0.046 𝑚𝑚𝑚𝑚

•                                                    

 Note the 
      uncertainty

ℎ𝑝𝑝 = (𝑧𝑧2 − 𝑧𝑧1) + ℎ𝑓𝑓 + ∑ℎ𝑚𝑚 − 𝑝𝑝1
𝛾𝛾

 
𝑑𝑑 = 52.5 𝑚𝑚𝑚𝑚, 𝐿𝐿 = 100 m 
𝑄𝑄 = 5.7 ℓ/𝑠𝑠 
𝑉𝑉 = 2.63 𝑚𝑚/𝑠𝑠 

Water at 20oC (Table A.1)
𝜌𝜌 = 998 𝑘𝑘𝑘𝑘/𝑚𝑚3 
𝜇𝜇 = 1.003 × 10−3 𝑘𝑘𝑘𝑘/(𝑚𝑚𝑚𝑚) 

𝑅𝑅𝑅𝑅𝑑𝑑 = 1.37 × 105  𝜀𝜀
𝑑𝑑

= 0.00088 

𝜀𝜀
𝑑𝑑

= 0.046𝑚𝑚𝑚𝑚
52.5 𝑚𝑚𝑚𝑚

= 0.00088 

Moody Diagram (Fig. 6.13)

Table 6.1 Pipe Roughness (𝜀𝜀)



*

Moody Diagram (Fig. 6.13)
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𝑑𝑑

= 0.00088 
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Solution
• Alternatively, using the Colebrook formula for turbulent regime:

1
𝑓𝑓1/2 = −2 log 𝜀𝜀/𝑑𝑑

3.7
+ 2.51

𝑅𝑅𝑅𝑅𝑑𝑑 𝑓𝑓1/2  

• Iterative solution gives  𝑓𝑓 = 0.0211       Excel

• Pipe head loss: ℎ𝑓𝑓 = 𝑓𝑓 𝐿𝐿
𝑑𝑑
𝑉𝑉2

2𝑔𝑔
 

ℎ𝑓𝑓 = 0.0211 100 𝑚𝑚
0.0525 𝑚𝑚

(2.63)2𝑚𝑚
2

𝑠𝑠2

2 9.81𝑚𝑚
𝑠𝑠2

   

ℎ𝑝𝑝 = (𝑧𝑧2 − 𝑧𝑧1) + ℎ𝑓𝑓 + ∑ℎ𝑚𝑚 − 𝑝𝑝1
𝛾𝛾

 
𝑑𝑑 = 52.5 𝑚𝑚𝑚𝑚, 𝐿𝐿 = 100 m 
𝑄𝑄 = 5.7 ℓ/𝑠𝑠   𝑉𝑉 = 2.63 𝑚𝑚/𝑠𝑠  

Water at 20oC (Table A.1)
𝜌𝜌 = 998 𝑘𝑘𝑘𝑘/𝑚𝑚3 
𝜇𝜇 = 1.003 × 10−3 𝑘𝑘𝑘𝑘/(𝑚𝑚𝑚𝑚) 

*
𝒇𝒇 ≈ 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎 

𝑅𝑅𝑅𝑅𝑑𝑑 = 1.37 × 105  𝜀𝜀
𝑑𝑑

= 0.00088 

= 14.2 𝑚𝑚

Goal Seek



Minor Head Losses (Local Losses) 
• Viscous dissipation caused by: 

-  Sharp entrance
- Open gate valves (2)
- Check valve
- Reg. 90o elbows (2)
- Discharge to reservoir 

    

ℎ𝑝𝑝 = (𝑧𝑧2 − 𝑧𝑧1) + ℎ𝑓𝑓 + ∑ℎ𝑚𝑚 − 𝑝𝑝1
𝛾𝛾

 
𝑑𝑑 = 52.5 𝑚𝑚𝑚𝑚, 𝐿𝐿 = 100 m 
𝑄𝑄 = 5.7 ℓ/𝑠𝑠   𝑉𝑉 = 2.63 𝑚𝑚/𝑠𝑠  
ℎ𝑓𝑓 = 14.2 𝑚𝑚 

Water at 20oC (Table A.1)
𝜌𝜌 = 998 𝑘𝑘𝑘𝑘/𝑚𝑚3 
𝜇𝜇 = 1.003 × 10−3 𝑘𝑘𝑘𝑘/(𝑚𝑚𝑚𝑚) 

Solution



Fig. 6.21: Entrance losses
• Sharp entrance into the pipe

    

Solution

Minor Losses  
• Sharp entrance 

𝐾𝐾 = 0.5

𝐾𝐾 = 0.5

r/d ≈ 0



Table 6.5: Valves and fitting loss coefficients (K)
• Nominal 2” Schedule 40 pipe

    

Solution

Minor Losses  
• Sharp entrance 𝐾𝐾 = 0.5
• Open gate valves 
• Check valve  
• Reg. 90o Elbows 

Uncertainty up to ±50%. Dependent upon specific design, varies by manufacturer

𝐾𝐾 = 0.16
𝐾𝐾 = 2.1
𝐾𝐾 = 0.95



Flow discharge to the reservoir
    

Solution

• The entire kinetic energy of the 
discharging fluid is dissipated through 
viscous effects, regardless of outlet shape

𝐾𝐾 = 1.0

𝐾𝐾 = 1.0𝐾𝐾 = 1.0

𝐾𝐾 = 1.0

Minor Losses  
• Sharp entrance 𝐾𝐾 = 0.5
• Open gate valves 𝐾𝐾 = 0.16
• Check valve  𝐾𝐾 = 2.1
• Reg. 90o Elbows 𝐾𝐾 = 0.95
• Discharge  𝐾𝐾 = 1.0



Solution

× 2= 0.32

× 2= 1.9

∑𝐾𝐾 = 5.8 

Minor Head Losses  
• Sharp entrance 𝐾𝐾 = 0.5
• Open gate valves 𝐾𝐾 = 0.16
• Check valve  𝐾𝐾 = 2.1
• Reg. 90o Elbows 𝐾𝐾 = 0.95
• Discharge  

Minor Losses: ∑ℎ𝑚𝑚 =  ∑𝐾𝐾 𝑉𝑉2

2𝑔𝑔
 

  ∑ℎ𝑚𝑚 = 5.8 (2.63)2 𝑚𝑚2/𝑠𝑠2

2(9.81𝑚𝑚
𝑠𝑠2

)
= 2.0 𝑚𝑚 

 

𝑉𝑉 = 2.63 𝑚𝑚/𝑠𝑠

ℎ𝑝𝑝 = (𝑧𝑧2 − 𝑧𝑧1) + ℎ𝑓𝑓 + ∑ℎ𝑚𝑚 − 𝑝𝑝1
𝛾𝛾

 

𝐾𝐾 = 1.0



• Applying Eq. (1): 

ℎ𝑝𝑝 = 30 𝑚𝑚 + 14.2 𝑚𝑚 + 2.0 𝑚𝑚 −
20×103 𝑁𝑁

𝑚𝑚2

9790 𝑁𝑁
𝑚𝑚3

= 44.2 𝑚𝑚 

  

• Power input to the fluid by the pump:

   𝑃𝑃 = 𝛾𝛾ℎ𝑝𝑝𝑄𝑄 = 9790 𝑁𝑁
𝑚𝑚3 44.2 𝑚𝑚  5.7 × 10−3 𝑚𝑚

3

𝑠𝑠
 

   

   𝑃𝑃 = 2470 𝑁𝑁𝑁𝑁
𝑠𝑠

= 2.47 𝑘𝑘𝑘𝑘 

• 70% Pump efficiency, 𝜂𝜂=0.7 

    𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑃𝑃
𝜂𝜂

= 2.47 𝑘𝑘𝑘𝑘
0.7

= 3.5 𝑘𝑘𝑘𝑘 

Solution
ℎ𝑝𝑝 = (𝑧𝑧2 − 𝑧𝑧1) + ℎ𝑓𝑓 + ∑ℎ𝑚𝑚 − 𝑝𝑝1

𝛾𝛾
 

𝑄𝑄 = 5.7 ℓ/𝑠𝑠   
ℎ𝑓𝑓 = 14.2 𝑚𝑚 
∑ℎ𝑚𝑚 = 2.0 𝑚𝑚 

Water at 20oC (Table A.1)
𝜌𝜌 = 998 𝑘𝑘𝑘𝑘/𝑚𝑚3 
𝛾𝛾 = 𝜌𝜌𝜌𝜌 = 9790 𝑁𝑁/𝑚𝑚3 

Answer

Pump
70% efficient





END NOTES
Presentation prepared and delivered by Professor David Naylor
     

© David Naylor 2026

 Converged Solution for 𝑓𝑓

Residual
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