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Fabrication and Thermal Modeling of Unglazed Transpired Solar Air Heater
Collectors with metallic (steel) and non-metallic absorber plates
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Unglazed transpired solar air heater collectors are relatively new solar technologies that can be used for
Received 16 June 2017 air heating or pre-heating ventilation air and drying agricultural and industrial products. Passing air
Accepted 13 August 2017 through the perforated plate, which is usually metallic is the main mechanism of heat transfer. The cost

Available Online 08 September 2017 of buying and preparing the absorber plate is the dominant share of costs allocated to this type of

collector. In the present study, performance of non-metallic absorber plates available in the Iranian

Keywords:

Unglazed Transpired Collectors market, as an alternative to metal absorber plates are examined experimentally and theoretically.
Air heaters Therefore, three collectors with Metallic, Polycarbonate and Compressed-Plastic are designed,
Solar Energy fabricated and tested in real conditions. In addition, a thermal model based on the first law of

Non-Metalic Absorber thermodynamics is developed for these collectors. In this model, all modes of heat transfer (including

conduction, convection and radiation) are considered. Results show that there is a good agreement
between experimental and theorical results (for most test conditions, average relative error in estimation
of the outlet temperature of the collectors is less than 5%). The results showed that the performance of
three collector’s, especially for low mass flow rates, was not so different. However, for considered
condition Steel (metallic) collector has the best performance and the polycarbonate collector the worse
performance. The performance of the Compressed-plastic was close to the Steel collector and given the
low cost of non-metallic collectors, it can be used as a convenient alternative to metal collectors.
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the polycarbonate collector and locations of thermocouple
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Fig.3 Solar irradition and ambient temperature on different days of
testing metal and polycarbonate collectors
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Table 2 the relative difference and the difference between the
temperature of polycarbonate and metal collectors based on
experimental data sets of test number 1
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Fig.5 Comparison of outlet air temperatures of the metal and poly-
carbonate collectors in different mass flow rates
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Fig. 6 Comparison of the efficiency of the polycarbonate and metal

collectors in diffrent mass flow rates
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Table 3 the relative error and the difference between thermal analysis
(numerical) and experimental data sets of polycarbonate collector in
test number 1
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Table 4 the relative error and the difference between thermal analysis
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Fig. 7 Solar irradiation and ambient temperature on different days of
testing metal and polycarbonate collectors
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Table 5 the average and maximum relative difference and temperature
difference between the polycarbonate and plastic collectors based on
experimental data sets of test number 2
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Fig. 9 Comparison of outlet air temperatures of the plastic and poly-
carbonate collectors in different mass flow rates
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Table 7 the relative error and the temperature difference between
thermal analysis (numerical) and experimental data sets of plastic
collector in test number 2
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Fig. 8 Comparison of absorber temperatures of the plastic and poly-
carbonate collectors at diffrent mass flow rates
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Table 6 the average and maximum relative difference and temperature
difference between thermal analysis(numerical) and experimental data
sets of polycarbonate collector in test number 2
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Fig. 10 Comparison of the efficiency of the polycarbonate and plastic
collectors at diffrent mass flow of rates
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Fig. 11 Effect of mass flow of air on efficiency of metal, polycarbonate
and plastic collectors

03,28 bl 5 Sl S b «o3l8 sl giSIS 00il p oo HI1L Sl

20y 0 5l S eSSl (2 lee les e 5 gl
@9 s S8 Joo pl 09 Gum jho 4 dxg L oas cul
worao slod ped (o o glas g 0gd g0 e
Lol 30,3 10 51 S (6,15 Ll ST (6l p 3l

a5 ams e lid oad witle sla,giSIS slaialesl @l oy -2
0.011 s (o0 Vb 0 ba,gSlS o ST oy iy
s D langie 00 cpl jo il oo Bl Al 6,5 5LS
5 Jetl Lol (295 Gler sled g D3l amio sles
ool bl e oy 8 5l S il S L SIS (o dbbg e slales
00 yid Sy g oS L eSS gl bles i S
O 295 Slaen b oo ady 0 adbe woy 16 5 S
2,08 5429 b 525U slales

el la,eSIS Sl (g5 lee sles @0 GRS L Wiz e -3
Jodod sl 4w ja 00il (o0 Rl b sgzg ol b wbee
oilidl e 4 Qi amio il g ool Ol el
b e
3929 opl b cailas oy bl s g0l OB ol slo oo
S 28 S J95SIS 5 i (5500 Sl 5SS
S50l 00,88 Sadb HeSIS el 5 ollS andls )
D9 Sl SIS

LoSIST 5l colaiwl a5 aes e plad ead plxil (glo pwyp -5
bl glin 435 (o58) ol 5iSUS (glay 00 ;28 SCodly

350



