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Example 10.2 (Laminar Flow; Re<2,000)

ℎ𝐿𝐿 = ℎ𝑓𝑓 = 𝑓𝑓
𝐿𝐿
𝐷𝐷
𝑉𝑉2

2𝑔𝑔

Reynolds Number: 𝑅𝑅𝑅𝑅 =
𝑉𝑉𝑉𝑉
𝜈𝜈

D

L

V= 𝑄𝑄
𝐴𝐴

𝑓𝑓 =
64
𝑅𝑅𝑅𝑅
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Example 10.3 (Turbulent Flow; Re>3,000)

ℎ𝐿𝐿 = ℎ𝑓𝑓 = 𝑓𝑓
𝐿𝐿
𝐷𝐷
𝑉𝑉2

2𝑔𝑔

Reynolds Number: 𝑅𝑅𝑅𝑅 =
𝑉𝑉𝑉𝑉
𝜈𝜈

D

L

V= 𝑄𝑄
𝐴𝐴
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Relative roughness kS /D

D

kS

D

Actual materialSmooth pipe + sand-grains

Same friction factor, f
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Smooth pipes 
(Prandtl formula)

Rough pipes 
(Colebrook-White formula)

Rough pipes 
(Swamee & Jain formula)

10 10

Formulas for smooth and rough pipes
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Example 10.5

ℎ𝐿𝐿 = ℎ𝑓𝑓 = 𝑓𝑓
𝐿𝐿
𝐷𝐷
𝑉𝑉2

2𝑔𝑔

Reynolds Number: 𝑅𝑅𝑅𝑅 =
𝑉𝑉𝑉𝑉
𝜈𝜈

D

L

V= 𝑄𝑄
𝐴𝐴

𝑝𝑝1
𝛾𝛾

+ 𝑧𝑧1 +
𝑉𝑉12

2𝑔𝑔
+ ℎ𝑝𝑝 =

𝑝𝑝2
𝛾𝛾

+ 𝑧𝑧2 +
𝑉𝑉22

2𝑔𝑔
+ ℎ𝑡𝑡 + ℎ𝐿𝐿
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Flow separation in an elbow

Flow separation in an sharp-
edged inlet

Flow separation 
increases head losses
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Example 10.7
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