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Heat Transfer
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Difference between thermodynamics and heat transfer
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Modes of heat transfer
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Convection
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Radiation 
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Fourier’s laws of heat conduction
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Heat tranfer through a plane wall
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Thermal conductivity of a material
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Thermal resistance
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Numerical problems
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Heat transfer by convection
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Newton’s law of cooling
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Numerical problem
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Heat transfer by radiation
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RADIATION
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RADIATION HEAT TRANSFER

v Thermal radiation refers to the heat energy emitted by the 
bodies because of their temperatures. All bodies at a 
temperature above absolute zero temperature emit thermal 
radiation. For example, the energy emitted by sun travels 
through space and reaches the earth surface. The energy 
transfer by radiation does not require any medium between hot 
and cold surfaces. In fact, the radiation heat transfer is more 
effective in vacuum.
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BLACK-BODY RADIATION

vIt is an ideal surface having the following properties: 
l. A black body absorbs all incident radiation from all 

directions at all wavelengths. 
2. At any temperature and wavelength, no body can 

emit energy more than a black body. 
3. Although the radiation emitted by a black body 

depends upon wavelength and temperature, it is 
independent of direction. 

4. A black body neither reflects nor transmits any 
amount of incident radiation
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Emissive Power of a Black Body

vThe total or hemispherical emissive power is the 
amount of radiation energy emitted by a black body 
at a temperature per unit area per unit time over entire 
spectrum of wavelength. It is measured in W/m2 . The 
total emissive power of a black surface is calculated 
as 
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Emissivity 

vIt is the ratio of radiation heat flux emitted by a real 
surface at a temperature T, over all wavelengths into 
hemispherical space, to that which would have been 
emitted by a black body at same temperature. 
Mathematically
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SURFACE ABSORPTION, 
REFLECTION AND TRANSMISSION 
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Absorptivity 
• A black body absorbs all incident radiation, hence its absorptivity 

is considered unity. But real surfaces do not absorb all energy 
incident on it. The total or average or hemispherical absorptivity 
a is defined as fraction of radiation energy incident on the surface 
from all directions, over entire wave length spectrum, that is 
absorbed by the surface. Mathematically, where, 
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Reflectivity

• When radiation beam is incident on a non-black surface, a 
fraction is reflected by the surface. The reflectivity � of a surface 
is defined as the fraction of radiation energy incident on a surface 
from all directions over all wavelengths, that is reflected. It is 
expressed as;
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Transmissivity

• When a radiation beam is incident on a semi-transparent 
surface, a part is reflected, a part is  absorbed and the 
remaining is transmitted. Hence, transmissivity is the fraction 
of  inc ident  energy t ransmit ted  through the  surface . 
Mathematically,
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vWhite Body A body is called white body when it reflects almost 
all radiation incident upon it. For a white body,

                                    � = 1
v Opaque Body For an opaque surface, there is no transmission; 

thus the reflectivity and absorptivity 
are
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v Gray Body The radiation properties of a real surface such as 
absorptivity, emissivity, etc., depend on the wavelength of 
radiation. The calculation of radiation heat transfer for all 
wavelength becomes very tedious. To overcome such difficulties, 
an uniform emissivity is assumed over the entire wavelength 
spectrum. Thus, a gray surface is defined as a surface for which 
the monochromatic emissivity     is independent of the 
wavelength.

June 23, 2021 33


