
Free Convection



Free convection

Inclined flat plate

Vertical Flat Plate

Plate facing down

Plate facing up



Origin of free/ natural convection
Kinetic Energy: 

Realized from potential energy: 
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The equivalent Reynolds Number: 
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… and we now expect the Nusselt Number will vary as  grav LNu f ,~ Re ,Pr
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Factors affecting the free convection

Volume expansion coefficient

Grashof Number
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Free convection correlations, continued…



Example 1



Example 2

For vertically held plate:



Example 2 (contd…)

For horizontal plate facing hot side up:

For horizontal plate facing hot side down:



Modified Grashof Number for q= constant

T

Ts=?

q

Example: A 30 cm 30 cm circuit board contains 121 square chips on one side is to be cooled by
combined natural convection and radiation by mounting it on a vertical surface in a room at 25oC. Each
chip dissipates 0.05 W of power, and the emissivity of the chip is 0.7. Assuming that the heat transfer
from the back side of the circuit board to be negligible, and the surrounding surfaces are also at the
room temperature, determine the surface temperature of the chip.

Since T is unknown here we need iterative solution. Istead,  it would help if the Gr is 
evaluated in term of the heat flux …
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Correlations with Gr* will be different, though… 



Natural Convection inside 
Enclosures (internal flow)

Convection in Horizontal Enclosures

Nu = 1 for hotter plate on top

Nu >1  for colder plate on top



Mixed convection
Forced convection

Free convection

Mixed convection

3<n <4



Mixed convection regimes


