
in a grossly overdesigned system. Also, it may sometimes be necessary to do
some local analysis for critical components with small surface areas to assure
reliability and to incorporate solutions to local problems such as attaching heat
sinks to high power components.

Fan Selection
Air can be supplied to electronic equipment by one or several fans. Although
the air is free and abundant, the fans are not. Therefore, a few words about the
fan selection are in order.

A fan at a fixed speed (or fixed rpm) will deliver a fixed volume of air re-
gardless of the altitude and pressure. But the mass flow rate of air will be less at
high altitude as a result of the lower density of air. For example, the atmospheric
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TABLE 15–2

Empirical correlations for the average Nusselt number for forced convection
over a flat plate and circular and noncircular cylinders in cross flow
(From Jakob, Ref. 12, and Zukauskas, Ref. 17.)

TABLE 15–3

Nusselt number of fully developed
laminar flow in circular tubes and

rectangular channels

Cross-section Aspect Nusselt
of the tube ratio number

Circle — 4.36

Square — 3.61

Rectangle a /b
—
1 3.61
2 4.12
3 4.79
4 5.33
6 6.05
8 6.49
� 8.24

D

Cross-section of the cylinder Fluid Range of Re Nusselt number

Circle Gas or 0.4–4 Nu � 0.989 Re0.330Pr1/3

liquid 4–40 Nu � 0.911 Re0.385Pr1/3

40–4000 Nu � 0.683 Re0.466Pr1/3

4000–40,000 Nu � 0.193 Re0.618Pr1/3

40,000–400,000 Nu � 0.027 Re0.805Pr1/3

Square Gas 5000–100,000 Nu � 0.102 Re0.675Pr1/3

Square (tilted 45º) Gas 5000–100,000 Nu � 0.246 Re0.588Pr1/3

Flat plate Gas or 0–5 � 105 Nu � 0.664 Re1/2Pr1/3

liquid

5 � 105–107 Nu � (0.037 Re4/5 � 871)Pr1/3

Vertical plate Gas 4000–15,000 Nu � 0.228 Re0.731Pr1/3

L

L

a
a

D

b

a
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