
TOPIC 4(A)-
Calculations
 

Solar collector calculations
 

 

(thermodynamics book, chapter 18 “RENEWABLE ENERGY”)



1. Solar Radiation
When solar radiation strikes a surface, part of it is
absorbed, part of it is reflected, and the remaining part, if
any, is transmitted.
 
That is,
 
 
where   is the transmissivity, ρ is the reflectivity, and α
is the absorptivity of the surface for solar energy.
 
 
 
Here, we also define emissivity ε of a surface as a
measure of how closely a real surface
approximates a blackbody, for which ε = 1.
Therefore, the emissivity of a surface varies between
zero and one, 0 < ε < 1.
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2. Flat-Plate Solar Collector
The rate of solar heat absorbed by the absorber plate is:
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3. Concentrating Solar Collector
The most common type of concentrating solar collector
is parabolic trough collector

where G is the solar irradiation, in W/m2
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The rate of heat loss from the collector is expressed as

The useful heat transferred to the fluid is:

The efficiency of this solar collector is defined as the ratio of the useful heat
delivered to the fluid to the radiation incident on the collector:

Therefore, the collector efficiency is maximized for maximum values of the optical
efficiency of the aperture-to-receiver process ηar and the concentration
factor CR.

The efficiency of concentrating collectors is greater than that of flat-plate collectors



- Linear Concentrating Solar Power Collector

The efficiency of a solar system used to produce electricity may be defined as the
power produced divided by the total solar irradiation. That is,

where Ac is the collector surface area receiving solar irradiation and G is the
solar irradiation.
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