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Equivalent roughness values for
new commercial pipes

Roughness, &

Material ft mm

Glass, plastic 0 (smooth)
Concrete 0.003-0.03 0.9-9
Wood stave  0.0016 0.5
Rubber,

smoothed 0.000033 0.01
Copper or

brass tubing 0.000005 0.0015
Cast iron 0.00085 0.26
Galvanized

iromn 0.0005 0.15
Wrought iron 0.00015 0.046
Stainless steel 0.000007  0.002
Commercial

steel 0.00015 0.045
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Musselt number and friction factor for fully developed laminar flow in tubes of
yarious cross sections (0 4A./p, Re = V. D./v, and Nu = hi, k)

a'b Nusselt Number Friction Factor

Tube Geometry or 6° T.= Const. | 4. = Const. f

Circle - 3.66 4.36 64.00/Re

Rectangle
h6.92/Re
62.20/Re
68.36/Re
72.92/Re
T8.80/Re

f—a— 82 32/Re

96.00/Re

Ellipse
64.00/Re
67.28/Re
72.96/Re
76.60/Re
78.16/Re

Trianzle
50.80/Re
52.28/Re
53.32/Re
52.60/Re
50.96/Re
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D.ID, Nu, Nu,

0 — 3.66
0.05 17.46 4.06
0.10 11.56 4.11
0.25 1.37 4.23
0.50 5.74 4.43
1.00 4.86 4.86
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