Heat transfer 14th week lecture

Chapter 7: Natural convection heat transfer
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Heattransfer occurs from the bottomto Heat transferfrom top to bottom occurs
the top surface by free convection by conduction
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Y The increase momentum is produced by the forces acting on the surface of the
control volume. In general by there are three types of the forces considered.
(D Inertia or body forces such as gravity
(2) Dynamic forces such as pressure
(3 Frictional force such as viscous shear and wall friction
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» The ratio of the buoyancy forces to the viscous forces in the free-convection flow system

X is characteristic dimension determined by the geometrical structure and direction of surface

¥~ The role is similar to Re in forced-convection system — a criterion for transition from larminar to turbulent

boundary-layer flow

v Critical value of Gr for air =4x108
v Critical value of Gr for other fluids = 108~10°?
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Free convection on a vertical flat plate
» We can get following equations by solving energy equation of motion using boundary conditions
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At very low Grashof numbers, there are very minute

free-convection currents and the heat transfer

occurs mainly by conduction across the fluid layer

As the Grashof nhumber is increased, different flow
regimes are encountered with a progressively
increasing heat transfer as expressed through the

Nusselt number
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Figure 1. Schematic diagram and flow regimes for vertical convection layer (Holman 10th edition, 2011)
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