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Collecting Performauce of Air-Type CF -sheet Solar Collector
with 1-Glass and 2-Glass Cover by Numerical Analysis
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Abstract

The collecting performance of the 1-glass and 2-glass cover air-type solar collectors using
carbon fiber sheet as collect:-:g material (air-type CF -sheet solar collector) have I-een analyzed
rnumerically. Based on a structure of the collectors, a mathematical model is designed, the heat
balance equations are given, and then collector efficiency is calculated under the various conditions.
As a result, the overall heat loss coefficient U, of the 2-glass CF - sheet collector was smaller than
the 1- grass CF - sheet collector, and also F’ and ( 7 @) .rr could be given. Collector efficiencies of
both the 1-glass and 2- glass CF - sheet collectors become higher along with the higher intensity of
radiation, higher rate of air flow and ambient temperature, and decreases with higher inlet
temperatures. Comparison between these two calculated results, it was found that collector
efficiency of the 2-glass CF -sheet collector is always higher than that of the 1-glass CF - sheet
collector when those parameters are assumed to be constant.

Key Words: Solar Energy, Collector Efficiency, Air-Type CF -Sheet Collector, Numerical
Analysis
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Table 1 Calculation resultsof (T a) yandF’

(a) Ta=-20°C

1-Glass Cover 2-Glass Cover
Tin é1 F|(r ald £2 £3 F [{z ale
-10}0.0628~0.1961| 0.854 | 0.867 |0.0449~0.1812{0.0001~0.0003 0.870 | 0.801
0 10.1073~0.2318) 0.893 | 0.866 |0.0683~0.20640.0001~0.0004{ 0.867 | 0.800
10 10.1426~0.2659| 0.894 | 0.865 [0.0919~0.2192/0.0002~0.0004 0.890 | 0.799
20 [0.1917~0.3033| 0.893 | 0.865 |0.1226~0.2297]0.0002~0.0004| 0.916 | 0.798
30 10.2307~0.3382| 0.912 | 0.864 |0.1538~0.2349|0.0003~0.0004{ 0.922 | 0.797
40 10.2888~0.3752| 0.908 | 0.864 |0.1895~0.2591]0.0004~0.0005| 0.947 | 0.796
50 )0.3349~0.4101| 0.909 | 0.864 |0.2225~0.2866{0.0005~0.0006| 0.947 | 0.795
60 10.3817~0.4436| 0.912 | 0.864 |0.2578~0.3156|0.0006~0.0007| 0.959 | 0.795
70 | 0.4279~0.4794| 0.938 | 0.863 |0.2925~0.3437/0.0007~0.0009| 0.959 | 0.793
80 10.4716~0.5144| 0.958 | 0.863 |0.3268~0.3738/0.0009~0.0010{ 0.976 | 0.793
Averaged 0.907 | 0.865 Averaged 0.925 | 0.797

(b) Ta=10°C

1-Glass Cover 2-Glass Cover
Tin &1 F T ale &2 £3 F o7t alyl
20 |0.0575~0.1810] 0.874 | 0.867 |0.0427~0.15640.9001~0.0005 0.892 | 0.800
30 }0.1052~0.2166| 0.906 | 0.866 |0.0667~0.17940.0002~0.0006| 0.884 | 0.800
40 {0.1410~0.2544| 0.899 | 0.866 | 0.0928~0.194|0.0003~0.0007| 0.890 | 0.799
50 {0.1858~0.2833 0.913 | 0.865 {0.1214~0.2062/0.0004~0.0008( 0.929 | 0.799

60 10.2302~0.3183] 0.910 | 0.866 |0.1498~0.2219(0.0006~0.0008| 0.933 | 0.798
70 10.2749~0.3526| 0.903 | 0.864 [0.1813~0.2395{0.0007~0.0009{ 0.949 [ 0.797
80 [0.3066~0.3618| 0.911 | 0.864 [0.2138~0.2724/0.0009~0.0011| 0.940 | 0.797
90 {0.3648~0.4178) 0.923 | 0.864 |0.2473~0.2998/0.0011~0.0013 0.940 | 0.795

100]0.4077~0.4476| 0.934 | 0.864 |0.2797~0.3241{0.0013~0.0015| 0.958 | 0.794
11010.4492~0.4742| 0.929 | 0.864 |0.3133~0.3543/0.0015~0.0017| 0.957 | 0.793
Averaged 0.910 | 0.865 Avaraged 0.927 | 0.797

(c) Ta=40°C

1-Glass Cover 2-Glass Cover

Tin é1 F_ it alm £2 £3 F it alu
50 [0.0581~0.1704] 0.890 | 0.867 [0.0405~0.1344)0.0002~0.0008 0.923 | 0.801
60 |0.0963~0.2034} 0.898 | 0.866 |0.0658~0. 0.0010{ 0.905 | 0.800

70 {0.1431~0.2373| 0.891 | 0.866 |0.0921~0.1750{0.0006~0.0011| 0.930 | 0.800
80 |0.1822~0.2693| 0.912 | 0.865 |0.1191~0.1680{0.0008~0.0012| 0.938 | 0.799
| 90 |0.2240~0.3019] 0.891 | 0.865 |0.1476~0.2058{0.0010~0.0013 0.957 | 0.798
100]0.2634~0.3315 0.882 | 0.865 [0.1766~0.2359(0.0012~0.0016| 0.954 | 0.797
110/0.3066~0.3618| 0.896 | 0.864 |0.2058~0.2608/0.0014~0.0018 0.955 | 0.796
120]0.3486~0.3910] 0.962 | 0.864 |0.2374~0.2855/0.0017~0.0021| 0.955 | 0.795
130/0.3840~0.4140] 0.965 | 0.864 |0.2682~0.3081/0.0020~0.0023| 0.955 | 0.794
140]0.4295~0.4450 0.2995 ~0.3318|0.0023~0.0026| 0.986 | 0.793

Averaged 0.910 | 0.865 Averaged 0.946 | 0.797
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Fig.9 Collector efficiency when varying
the flow rate of air
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Fig.10 Efficiency diagram using ambient
temperature as parameter under wide ranges
of inlet temperature and radiation intensity
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