HEAT TRANSFER
FREE CONVECTION - EXTERNAL FLOW

Laminar and turbulent free convection
» Like forced convection, free convection can start off as laminar and
then become turbulent
» The transition is marked by a critical Rayleigh number Ra, . that
depends on geometry
* e.g Ra, .= 10° for vertical plates
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In free convection heat transfer, the empirical correlations are generally
of the form:
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_ 3
Ra, =Gr Pr= —g’B(TS T L

vo

Vertical, Inclined and Horizontal Plates:
Churchill and Chu correlation (Equation 9.26):
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Horizontal plates:
Hot Surface Up or Cold Surface Down:

Nu_=0.54Ra/* 10* <Ra_ <10’ (Equations 9.30)
Nu, =0.15Ra/® 10" <Ra, <10" (Equations 9.31)

Cold Surface Up or Hot Surface Down:
Nu, =0.27 RalL/“ 10° < Ra, < 10" (Equations 9.32)

The characteristic length for horizontal surfaces is calculated from
L. = A,/P where A is the surface area and P is the perimeter.
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TABLE 9.2 Summary of free convection empirical correlations
for immersed geometries

Recommended
Geometry Correlation Restrictions

1. Vertical plates®

V m Equation 9.26 None

Inclined plates
Cold surface up or hot
surface down

[

Equation 9.26 0=6=<060°
g—> gcos@

3. Horizontal plates
(a) Hot surface up or
cold surface down

\) J ﬂ [\ Equation 9.30 10* =< Ra; = 107

Equation 9.31 10" < Ra, < 10"
(b) Cold surface up or
hot surface down
l Equation 9.32 10° = Ra; = 10"
Long Horizontal Cylinder:
i /6 :
NTo o 387R .
NUD _ht_ 0.60 + 0.387Ra, 5 (Equations 9.34)
k [1+(0.559/Pr)" ]
Spheres:
2
[ 1/4
Nup = hL_y 038R (Equations 9.35)
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HEAT TRANSFER 3 FREE CONVECTION



4. Horizontal cylinder

\./. Equation 9.34 Rap < 107

5. Sphere

'@/ Equation 9.35 Rap < 10"
Pr=07
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