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Performance analysis of the direct heated, B.G. type 
solar collector. 25 March 2011. 

 
The calculations have been performed with a view to determine the 
efficiency of the direct heated, box type solar collector. All the energy flows 
were calculated per unit of the absorber area. The actual absorber 
dimensions are not relevant.  
 
Collector structure 
The absorber is made of two sheets of metal (e.g. stainless steel), 0.5mm 
to 0.8mm thick. Between the sheets there are 10 channels circulating the 
heat exchanging fluid. The channels are separated by 7mm wide 
partitions. The channel clearance (height) is to be low, not higher than 
necessary for the circulation of the fluid. The selective surface for the sake 
of analysis is assumed to be black chrome.  
 
Thermal insulation:  
Under absorber: 60 mm of mineral wool. 
Side walls under the glass: 40mm thick and 45mm high layer of mineral 
wool. 
Glass: Standard solar glass. 3.2mm, low iron, 40mm above the absorber. 
Glass transparency: 92% 
 
The collector case has been optimized with respect the collector effective 
area. The effective area is assumed to be 91.6% of the total collector 
footprint. 
 
Efficiency calculations 
It is assumed that the solar energy arriving to the collector has a spectral 
distribution described by the Planck’s blackbody radiation formula for the 
solar temperature T= 5778K. For the sake of calculations the distribution 
has been normalized, so that the total solar energy at the collector is 
equal: G=800W. 
 
 
Energy losses 

• Losses in the glass cover: 8% 

• Losses through the non-ideal absorption in accordance with the 
black chrome spectral characteristics. 
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• Losses from the incomplete cooling of the absorber area due to the 
existence of the channel separations. Assumed is 6.3% loss of the 
effective absorber area.  

• Losses for the infrared radiation in accordance with the black body 
radiation formula and the superimposed black chrome spectral 
characteristics (fig.2.). The infrared losses increase with the 
temperature in accordance with the blackbody formula.  

• Thermal losses through the insulation described by the formula: 

W = λ*(T-To)/g 

Where:  

• λ: insulation heat transmission co-efficient. For mineral wool it is 
equal 0.035Wm/K, and for the air: 0.023Wm/K. 

• T : absorber and heat exchanging fluid temperature (K).  

• To: ambient temperature (K) = 293.16K (20°C) 

• g: thickness of the insulation (m) 

The calculations hale been done in Excel and can be relatively easily 
verified. 

Below are shown efficiency calculations for the four characteristic 
temperatures: 

• Ambient temperature 

• Typical working temperature range 50°C and 80°C 

• Maximal temperature used to characterize collector: 120°C 

It is worth noting that the power of the absorbed solar radiation is not 
dependent on the collector temperature, while the thermal losses 
(including infrared radiation) increase with temperature. This is the reason 
for the efficiency reduction with the temperature.  

 

20°C 

1. Total absorbed solar energy:  695,15W 

2. Effectively used solar energy:   651,36W 

3. Emitted infrared energy:  12,69W 

4. Losses through the collector bottom:  0W 

5. Losses through the side walls:  0W 
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6. Losses through the layer of air under the glass:  0W 

7. Power retained by collector:   (2)-(3)-(4)-(5)-(6) =  638,67W 

8. Collector efficiency: (7)/G  =  79,83% 

 

50°C  

1. Total absorbed solar energy:  695,15W 

2. Effectively used solar energy: 651,36W 

3. Emitted infrared energy: 24,34W 

4. Losses through the collector bottom: 17,50W 

5. Losses through the side walls: 3,54W 

6. Losses through the layer of air under the glass: 17,25W 

7. Power retained by collector:  (2)-(3)-(4)-(5)-(6) = 588,72W 

8. Collector efficiency:  (7)/G = 73,59% 

 

80°C 

1. Total absorbed solar energy:  695,15W 

2. Effectively used solar energy: 651,36W 

3. Emitted infrared energy: 43,85W 

4. Losses through the collector bottom: 35,00W 

5. Losses through the side walls: 7,09W 

6. Losses through the layer of air under the glass: 34,50W 

7. Power retained by collector: (2)-(3)-(4)-(5)-(6) = 530,92W 

8. Collector efficiency:   (7)/G = 66,36% 

 

120°C 

1. Total absorbed solar energy:  695,15W 

2. Effectively used solar energy: 651,36W 

3. Emitted infrared energy: 88,33W 

4. Losses through the collector bottom: 58,33W 

5. Losses through the side walls: 11,81W 

6. Losses through the layer of air under the glass: 57,50W 
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7. Power retained by collector:  (2)-(3)-(4)-(5)-(6)  = 435,38W 

8. Collector efficiency:  (7)/G = 54,42% 

 

.  

For the sake of comparison in Fig. 1 included are also curves for the 
typical flat panel collector (taken at the solar testing laboratory) and the 
vacuum tube collector taken from the book: kolektory słoneczne 
(Wiśniewski, Gołębiowski, Gryciuk, Kurowski, Więcka) rys. 7.4, page. 160. 

In addition, calculations have been performed for the bottom and the top 
insulation achieved with space filled with CO2 instead of mineral wool and 
air.  

While Fig. 1 a) shows the standard nett efficiencies, Fig. 1 b) show the 
actual collector efficiencies calculated with respect to the total collector 
area. The case of the collector under analysis is essentially the same as 
that of a flat panel. Therefore the figure for the effective area is assumed 
the same in both cases and equal 91.6%. It has been taken from testing 
laboratory report. 

The effective area for the vacuum tube collector has been taken from the 
Hewalex KSR10 collector and equals 55.6%. 
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a) 

Comaprison of nett effciencies
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b) 

Comparison of gross efficiencies
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Fig.1. Efficiency comparison for different collector types. 
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Fig.2. Reflectance of different coatings for solar collectors. 
 
Absorptance = 1- reflectance 
 
 

Planck's law of blackbody radiation 

 

where 

I’(λ,T) is the amount of energy per unit surface area per unit time per 
wavelength emitted by a black body at temperature T; 
h is the Planck constant = 6.62606896(33)×10−34 J*s; 
c is the speed of light in a vacuum = 2.99792458x108 m/s; 
k is the Boltzmann constant  = 1.3806504(24)x10-23JK-1; 
λ is the wavelength of the electromagnetic radiation; 
T is the temperature of the body in kelvins. 



 7 

Conclusions 
 
The analyzed collector show better performance from both vacuum tube 
and he flat plate collectors, by virtue of having lower infrared radiation and 
conduction losses. This is achieved by better heat transfer into the fluid 
and lowering the absorber temperature.   

The collector efficiency can be further improved by the better bottom and 
top insulation. As shown in Fig.1, CO2 insulation performs better than 
mineral wool and air. The best insulation would be vacuum, but this is 
technically challenging.  

The additional, obvious result of this analysis is the gross efficiency chart 
for the vacuum tube collector revealing the truth about its supposedly 
superior performance.  
 
 


