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ABSTRACT

Aim of this study was to obtain the heating performance and the economic evaluat-
ion oh solar heating system for greenhouse which area of floor was 90 f.

For heating performance effective solar energy for the greenhouse was compafed W
1th overall heating loads including coefficient of heat transfer and conduction. And
the economic evaluation solar heating system was evaluated by comparison its initial
investiment costing with oil saving cost, Initial investiment costing ‘included coll~
ector cost, storage cost, piping cost, control system cost and miscellaneous costsg
which included pumps, motors etc,

The contents of this study included the survey of climate conditions for solar he~
ating, long—term collector performance and optimum collector area of solar heating
system in existing greenhouse.

The results are follows:

1. Average horizontal radiation during winter was 2,434 Kcal /n day which was the
highest value in this country, so the climate conditions of Suwon was suitable
for solar heating.

2. Resulting calculation of the optimum collector area was 30#f and the solar energy
accounted for 30% of the overall heating load.

3. The capacity of storage tank required 60 liter per unit area (M} of solar collect-

or .
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Table ] Long—term collector performance
Month R H R H | H ® % Htz wH, du 7month
10 1.314 | 2,548 | 3,348 | 109.6 | 9 2,459 986 | 1,306 | 0-390
11 1.579 | 1,925 | 3,040 | 100.3 | 7 1,753 702 | 1,120 | 0.368
12 1.746 | 1,652 | 2,884 81.1 7 1,541 568 |- 1,147 | 0.398
1 1.690 | 1,919 | 3,243 | 106.8 7 1,768 748 1,164 | 0.359
2 1.407 | 2,440 | 3,433 | 125.5 8 2,304 | 1,768 | 1,235 | 0.360
3 1.160 | 3,080 | 3,573 | 150.0 | 9 2,902 | 2,304 1,215 | 0.340
4 0.960 | 3,471 | 3,332 | 150.0 9 3,166 | 2,902 1,177 | 0.353
Total 22,853 3,166 8,364
X Note; Fr = 0.90
| Fe = 0.75 Hmonth = 8’36_4 = 0.366
22,853
Up = 3.6
Fig.l2 A& AEE A3 o ok —?_—%94 g Degree-hour (Du)el L %9 ¥4, d£4
A Bl Ha Xolch, AY AEY & ulet oA A5 F3 Aol FA e},
< 150 ol 2 gk wiy, whojex, ‘%MA] 7k o Table 20 vield upe} o] udul 71709
AT K & 5.716 Kcal /ot C hour ]9l c}, RS E oF 2.6Xx107Kcal A = 4Qc},
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Table2. Calculated heating 1oad
Month| T Ti- | Heating |Heating~1load 2,2 #&g HHo 3J|2 REZ9 S
> | To j-hour | (10%Kcal) Ao BamAe AdAY 4%, A4
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Table 3. Ramtio of collector area
to floor area,Yc

| _ |Ratio oficollector; areé,YC;
ot D e 0 lo60 70 =800
10 | 30/3,8|0.05{0.07]0.08/0.09] 0.11} 0.12
11 [113{3,00|0.23{0.29]0.35] 0.40] 0.46] 0.52
12 1220|2884 0.44|0.55|0.66 | 0.77| 0.88 0.99
1 |267 13,243 0.52/0.66{0.79| 1.92] 0.05{ 1.18
2 1208343 /0.38/0.48)0.58] 0.67) 0.77} 0.86
3 11271358 10.24{0.30{0.36 | 0,42 0.48] 0.54
4 | 4113,320,08{0.10{0.12|0.14| 0,16 0.18
| Total 22,53 10.28|0.35 10.42 | 0.49{ 0.56] 0.63
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Table 4 Monthly performance of test house
| (FrR=0.90 Fe=0.75 UrL=3.6) |
Mon{ L H.7 Solar Collector Area (m)
th 106 ] 103 10 20 30 40 50 60 70 80 90 100
KcalKcal{ Q [Qa [ Q [Qa|Q || Q [Qa| Q[Qa | Q[Qa [Q [Qa|Q |Qa [Q [Qa | Q |Qa
10 1.5 41 |0.4110, 7410210331115 O (1,15] 0 1105 0 (1,15 O j1.151 O iJE 0 11i15( 0 1151 O
11 2.98 | 34 10.342H410.68| 230{102|1.96/136|1.62|1.70{1.28]2.04| 0.94] 2,38{0 812.7210.26|2.98 .0 298] 0
12 5.58| 36 10.36(522(0.72| 4.86{1.08/450/144|4.14(1.80{3,78[2J6! 3A4212.52306|2.88]|2.70|13241234! 360| 1.98
1 6.68] 36 0.36L 6.33|0.2|597|108{561(144|525|180{4.89]2.16| 453|252{4.17(288] 381{324 (345 3.50} 309
2 4.76] 35 0.35 4A110,701 406|1 0513.71|140(336{1.72|3.01 2,10} 2.66|2.45{2311280|1.96|3.15 151| 350} 1.26
3 3.34| 38 10.38]2.9%(0.76| 2.58{1.14|220(152|1.82(1.90|1.44|2.28] 1,06 |266|068[304{0.30]|334| 0 3341 O
4 1.29)y 35 |0.35(0.5410,70| 0.59|{105]|0,241129f O [1.29 0 (129 0 [129 OI 129 0 |129/ 0 }129] O
Total [25.79 255 |2.55[23.2415.]0 {2019 | 757 {17.712|960 {1569 H.36Il3.93 13.18 [12.11 [14 97 [10.32{16.76 | 8 53 (1839|690 |1946| 583
Solar Energy
: % 10 20 30 38 45 52 59 66 73 T7
Heating Load, | .
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Table 5. Annual cost per G cal of solar heating. Cse
Ac 10 20 30 40 50 60 70 80 90 100
m\ iann] I 2.55( 5.10 7571 9.60 ! 11.361 13.18) 1497 16.76] 18.39 ] 19.46
112 10.177(107.6 | B0 89.1 91.0 9.6 | 9.7 | 98.5 99.9 | 101.9 106.6 |
10 } 156 [ 0.199 121.0 | 104.6 | 100.2 102.4 | 1063 |108.7 | 110.7 | 112.3 | 1146 119.9
20 1 0.239]145.3 | 125.6 | 120.3 123.0 | 127.7 | 130.6 | 133.0 | 134.9 | 137.6 143.9
12 10.147) 89.4 | 77.3 4.0 75 .6 8.6 | 8.3 { 81.8 g83.0 847.7 88.5
15115 [0.1711103.9 | 89.9 86.1 88.0 91.4 | 934 | 95.2 96 .5 8BS | 103.0
20 10.214|1130.1 | 1125 107.7 110.1 | 114.4 | 1169 [119.1 | 120.8 | 123.2 | 1289
12 | 0.134]| 81.5 | 70.4 | 674 | 69.0 | 716 | 3.2 | 74.6 | 75.6 | 77.2 | 80.7
20 [ 15 |1 0.160| 97.3 | &4.1 80.5 82.3 8.5 { 874 | 8.0 a0 3 92.1 96 .4
20 [ 0.205]|124.6 |107.7 103.2 105.5 | 109.5 | 112.0 | 114.1 | 115.7 | 118.1 123.5
. Table 6. Inf'l’ue_nce of fgel—cost increase rates and Qperating lifetimes, C¢
- _
. 0 2 4 6 8 10 | 12 14 | 16 18 20
; : |
10 37.5{ 45.4 [ 54.9 | 66.4| 80.4{ 97.3{117.71142.4 (172.3}1208.5 | 252.3
15 37.5 ] 49.6 | 65.6 { 86.7|114.71151.7(200.6]|265.3 |350.,9|464.1 | 613.7
20 37.5 ‘54.0 77.8 {112.0}1161.2]|232.2[334.4]481.5 |693.3(998.4 |1437.7
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Table 7. Calculated value of n
10 20 30 40 50 60 70 80 90 100
2.55 | 5.101 7.57 | 9.60 {11.36| 13.18 | 14.97 | 16.76 | 18.39 19.46
0.01 24 22 22 22 22 23 23 23 23 24
0.12 | 0.15 18 17 16 | 17 17 17 17 17 17 18
0.20 15 14 13 14 14 14 ° 14 14 14 14
0.10 25 23 23 23 24 24 24 24 24 25
0.15 0.15 19 17 17 17 17 18 18 18 18 18
0.20 15 14 14 14 14 14 14 14 14 15
0.10 27 25 25 25 25 26 26 26 26 Al
0.20 0.15 - 20 18 18 18 18 19 19 19 19 20
0.20 16 15 14 15 15 15 15 15 15 16
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