In fluid mechanics, the Rayleigh number for a fluid is a dimensionless number associated with the heat transfer within the fluid. When the Rayleigh number is below the critical value for that fluid, heat transfer is primary in the form of conduction; when it exceeds the critical value, heat transfer is primarily in the form of convection.

The Rayleigh number is named after Lord Rayleigh and is defined as the product of the Grashof number, which describes the relationship between buoyancy and viscosity within a fluid, and the Prandtl number, which describes the relationship between momentum diffusivity and thermal diffusivity.
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For free convection near a vertical wall, this number is where

Ra Gr = Grashof number 

Pr = Prandtl number 

g = gravity 

x = characteristic length 

Ts = Temperature of surface 

T∞ = Quiescent temperature 

ν = kinematic viscosity 

α = thermal diffusivity 

β = thermal expansion coefficient 

For most engineering purposes, the Rayleigh number is large, somewhere around 106 and 108.

The Grashof number is a dimensionless number in fluid dynamics which approximates the ratio of the buoyancy force to the viscous force acting on a fluid. It is named after the German engineer Franz Grashof.


where

g = acceleration due to gravity 

β = volumetric thermal expansion coefficient 

Ts = source temperature 

T∞ = quiescent temperature 

L = characteristic length 

ν = kinematic viscosity 

The product of the Grashof number and the Prandtl number gives the Rayleigh number, a dimensionless number that characterizes convection problems in heat transfer.

There is an analogous form of the Grashof number used in cases of natural convection mass transfer problems.
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where
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and

g = acceleration due to gravity 

Ca,s = concentration of species a at surface 

Ca,a = concentration of species a in ambient medium 

L = characteristic length 

ν = kinematic viscosity 

ρ = fluid density 

Ca = concentration of species a 

T = constant temperature 

p = constant pressure 

Jaluria, Yogesh. Natural Convection Heat and Mass Transfer (New York: Pergamon Press, 1980

The Prandtl Number is a dimensionless number approximating the ratio of momentum diffusivity and thermal diffusivity. It is named after Ludwig Prandtl.

It is defined as:
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where:

ν is the kinematic viscosity, ν = μ / ρ. 

α is the thermal diffusivity, α = k / (ρ cp). 

Typical values for Pr are:

around 0.7 for air and many other gases, 

around 7 for water 

around 7x10314 for earth mantle 

between 100 and 40,000 for engine oil, 

between 4 and 5 for R-12 refrigerant 

around 0.015 for mercury 

For mercury, heat conduction is very effective compared to convection: thermal diffusivity is dominant. For engine oil, convection is very effective in transferring energy from an area, compared to pure conduction: momentum diffusivity is dominant.

In heat transfer problems, the Prandtl number controls the relative thickness of the momentum and thermal boundary layers.

The mass transfer analog of the Prandtl number is the Schmidt number.
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Free Convection Correlations

In free convection correlations, another non-dimensional parameter called the Grashoff number is used.The Grashoff number, Gr, is defined as:
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where ( is the volumetric thermal expansion coefficient of the fluid, a thermodynamic property.The volumetric thermal expansion coefficient brings in the effects of buoyancy in free convection flows; for an ideal gas, ( = 1/T, where T is the absolute temperature of the gas.The Grashoff number plays the same role in free convection that the Reynolds number plays in forced convection in that it is the ratio of buoyancy forces to viscous forces on the fluid.Another parameter which commonly occurs in empirical free convection correlations is the Rayleigh number, Ra, where 

Ra = Gr Pr

Vertical Flat Plate Correlations 

For Laminar flow: 

[image: image6.png]0.67Ra3"

Mz =068+ —— L
[1+(0.492/ P>



( 0 < RaL <109) 

For Combined Laminar & Turbulent flow : 
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Correlations for Cylinders and Spheres

For a Long Horizontal Cylinder
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( 10-5 < RaD <1012) 

For Spheres 
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