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FIGURE 9.4 Laminar, free convection boundary layer conditions on an 1sothermal vertical
surface. (a) Velocity profiles. (b) Temperature profiles [3].
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Figure 7.14 Interferometer photograph showing the laminar boundary layer around
a horizontal cylinder in air. The cylinder diameter is 6 cm, the length perpendicular

to the photograph is 60 cm, and the temperature difference between the cylinder and
the distant air is 9°C. (Courtesy of Professor U. Grigull, Technical University of Munich.)



TABLE 9.2 Summary of free convection empirical correlations for im-
mersed geometries

Recommended

Geometry Correlation Restrictions

1. . a

Vertical plates
v Equation 9.26 None
2.  Inclined plates
Cold surface up or hot
surface down
Equation 9.26 0=06=60°
g—>gcosd
3. Horizontal plates
(a) Hot surface up or
“cold surface down
Equation 9.30 10* < Ra; < 107
Equation 9.31 107 < Ra, < 10!
(b) Cold surface up or
hot surface down

Equation 9.32 10° < Ra, < 10"

4. Horizontal cylinder
Equation 9.34 Rap < 10"

5. Sphere
Equation 9.35 Ra, < 101

Pr=0.7

* The correlation may be applied to a vertical cylinder if (D/L) = (35/Gr}*
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Figure 7.22 Two-dimensional rolls and three-dimensional hexagonal cells in a fluid

i
layer heated from below. (Oertel [52], with permission from G. Braun, Karlsruhe.)
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