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Solution to Quiz Eleven – Radiation Basics
A solar collector surface is coated with black chrome, whose emissivity can be approximated to be 0.9 for radiation at wavelengths less than 5 m and 0.05 for radiation greater than 5 m.  How much heat does this surface deliver to the fluid circulating in the collector when solar radiation is incident on the surface at a rate of 600 W/m2 and the absorber surface temperature is 70oC.  The air and effective sky temperatures are 25oC and 15oC, respectively, and the convection heat transfer coefficient is 10 W/m2(oC. 
We have to determine the solar absorptivity of the collector surface and its emissivity at its temperature of 70oC.  We use Kirchoff’s law that absorptivity equals emissivity so we can use the emissivity data above to compute the average emissivity as shown below.  For both a solar temperature of 5800 K and the absorber surface temperature of 70oC = 343.15 K, the average emissivity, , is given by the general equation (which is the first integral on the right) that is subsequently applied to the profile in this problem.  In this equation 1 = 0.9 and e2 = 0.05.
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For T = 5800 K, (5 m)T = (5 m)(5800 K) = 29,000 m(K; at this value of T, f = 0.994715 from interpolation in Table 12-2 on page 672 of the text.  Thus we have the following result for T = 5800 K.
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For T = 70oC = 343.15 K, (5 m)T = (5 m)( 343.15 K) = 1500 m(K; at this value of T, f = 0.031075 from interpolation in Table 12-2.  Thus we have the following result for T = 343.15 K.
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The net heat flux from the absorber plate into the fluid circulating in the collector is the difference between the solar energy absorbed by the collector and the energy lost by convection and radiation.
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All the data on the right-hand side of this equation are known, so we can solve for the heat flux to the collector.  Note that we can use temperatures in degrees Celsius for the convection term, but we have to convert the temperatures to kelvins for the radiation term.
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