HEAT TRANSFER / RADIATION
SOLUTIONS

Exercise 1:
Calculate the nett rate of radiant energy loss from a pond of water (10 m x 10 m) at 5C on a clear night in winter.
SOLUTION:


On a cold night, the sky radiation temperature is of the order of 230 K. The emissivity of water is . Therefore,





Exercise 2:
The Sun may be regarded as a blackbody with a surface temperature of 5800 K at a mean distance of   km from the earth. The diameter of the Sun is  km and that of the Earth  km. Calculate:
a) Total energy radiated by the Sun.
b) Energy received per m2 just outside the Earth’s atmosphere.
c) Total energy the Earth would receive if no energy were blocked by the Earth’s atmosphere.
d) Energy received by a solar collector (1m x 1m) whose perpendicular is inclined at 30 to the Sun, if the energy loss through the atmosphere is 40% and diffuse radiation is 20% of direct radiation.
SOLUTION:
a) The total energy Q radiated by the Sun is,



Where  (blackbody) and . Therefore,





b) Energy received per m2 just outside the Earth’s atmosphere. The sun may be regarded as a point source at a distance of 149109 m. According to the Inverse Square Law,
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c) Total energy the Earth would receive if no energy were blocked by the Earth’s atmosphere,
Total Energy = Effective Area  Energy Received per m2 



Where the Effective Area  is the area on which the radiation is incident normally.
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d) Total energy  received by a solar collector, 
Incident radiation
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Incident radiation =      direct	+    diffuse	
 = 60% direct + 20% direct
 = 80% direct









Exercise 3:
A steel plate is placed on non-conducting opaque surface, normal to incident solar radiation (direct + diffuse) of 0.75 kW/m2. Neglecting convection, calculate the equilibrium temperature of the plate when it is:
(i) Oxidised,
(ii) Polished. 
Assume grey body behaviour (a surface with an emissivity less than 1, but which remains constant over all wavelengths, is called a “grey body”).
Notes:
Kirchhoff’s law states that at thermal equilibrium, the emissivity of a body (or surface) equals its absorptivity  (fraction of incident light that is absorbed by the body or surface).

The irradiance is the radiant energy falling per unit area.
Thermal equilibrium: a state in which there is no net flow of heat. If 2 bodies are in thermal equilibrium, then they have the same temperature.

SOLUTION:
(i) For oxidised steel 
Incident radiation
I = 0.75 kW/m2




Steel


Opaque surface

At thermal equilibrium,
Energy absorbed in kW  Energy radiated in kW

Where,


According to Kirchhoff’s law, at thermal equilibrium , therefore,

Hence,








(ii) For polished steel 
At thermal equilibrium,
Energy absorbed in kW  Energy radiated in kW







Thus we see that the equilibrium temperature is unaffected by the nature of the surface if the emissivity (and absorptivity) remains constant over the range of temperature and wavelength. Real surfaces do not act this way and in fact show variation in emissivity with both temperature and wavelength. This point will be clarified later, but so far we have illustrated that, for example, black skin is not necessarily a disadvantage in the tropics. Black skin absorbs heat more readily than white skin but also radiates heat more readily, and in fact the heat balance turns out to favour black skin when variation in emissivity with wavelength are considered.

Exercise 4
The crankcase of a motor vehicle is 300 mm wide x 100 mm deep x 456 mm long (see exercise 4, “convection”), and has a mean surface temperature of 75C. If the re-radiation temperature from the atmosphere is assumed to be 0C, and the surface emissivity is 0.8, calculate the corresponding rate of heat radiation.

SOLUTION:0.3 m

0.1 m



0.456 m





















Exercise 5:

[bookmark: _GoBack](i) An unlagged pipe, 200 mm diameter, has a surface temperature of 115C, and has an oxidised surface. If it is enclosed in a bare room with walls at a temperature of 15C, calculate the net radiated rate of heat loss per meter length of pipe.
(ii) If the pipe were then lagged with a 30 mm insulation secured by an anodised aluminium skin of negligible thickness, such that the external temperature reduces to 30C, calculate the new rate of radiated heat loss.

SOLUTION:
(i) Bare Pipe:

 Oxidised Steel












(ii) Lagged Pipe:

 Anodised Aluminium












Exercise 6:

A “solar collection plate” is angled perpendicular to the incident sun’s rays on a day when the total solar radiation (direct + diffuse) is 0.95 W/m2. Calculate the temperature reached by the plate assuming it has a grey surface with emissivity 0.8.
SOLUTION:



At thermal equilibrium,
Energy absorbed in kW  Energy radiated in kW

Where,


According to Kirchhoff’s law, at thermal equilibrium , therefore,

Hence,
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