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This study was performed to investigate thermal performances of two different types of

flat-plate solar collector systems; natural circulation system and forced circulation system.

Conclusions obtained from this study are summarized as follows; 1) In the natural circula-

tion system, the total heat amounts retrieved by starting recovery soon after sunrise were

ranged from 10.28 to 17.20MJ/m?2, while the total heat amounts retrieved by starting recov-

ery after sunset were ranged from 5.31 to 10.77MJ/m?. 2) The collector efficiency in natural

circulation system were ranged from 51.1% to 54.1% when the collected heat was retrieved

after sunrise and were 65.8~78.0% when the collected heat was retrieved soon after sunset.

3) According to the regression analysis between fluid flow rates and fluid temperature differ-

ence at inlet and outlet of collector pipe, there was high regressive corelations with regression

coefficient, r, of 0.982. 4) The collector efficiencies estimated for forced circulation system

were 73.1~88.6%, and 78.4~94.8%, and 64.2%

rates were 4.2 ¢ /min, and 7.0 £ /min, and 9.7 £ /min, respectively.

~74.5%, respectively when fluid circulation
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Fig. 1. Schematics of experimental equipment
for naturally circulated solar collector
system
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Fig. 2. Schematies of solar collector and heat
storage tank
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Fig. 4. Comparison of measured horizontal
solar intensity at the experimental site
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Table 1. Collector efficiencies depending on
heat retrieval method

(Experiment period : Mar. 12~Mar. 31)

Maximum | Solar intensity
Heat . ) Collector
. ambient (MJ/m? L
retrieval — efficiencies
temperature Horizontal| Collector
methods . (%)
C) surface | surface
Retrieval 10.64~ |10.38~
47~19.6 A~b4.
after sunset ! ! 20.91 19.90 SL1~54.1
Retrieval 15.66~ |[15.63~
8.1~19.9 8~78.0
after sunrise 18.1~1 23.32 22.06 658~7
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Table 2. Comparison of heat amount bhetween
estimated(Q:) and measured(§-)

Heat amount (kcal) |Q:— @il|Error | Rem-
Measured(Q.)Estimated( Q)| (kcal) | (%) | arks
25,467.0 24,566.0 901.0{ 3.54
19,983.7 16,721.3 3,262.4 | 16.3
22,331.3 21,016.0 1,315.3 | 5.89
26,783.5 22,423.0 4,360.5 | 16.2
21,280.0 15,644.1 5,635.9 | 26.5
18,326.9 12,844.0 5,635.9 | 29.9
13,550.7 9869.1 3,681.6 | 27.1
25,030.9 20,730.9 4,291.3 | 17.1
25,000 Q,=1.0961 Q,-5691.6 /
20,000 —— R*=0.8875 S
r=0.9420 /
2 15,000 Z i
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Fig. 12. Relationship between measured heat
amount({:) and estimated heat
amount(Q:)
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Table 3. Variations efficiencies in forced circu-
lation solar collector system depend-
ing on fluid circulation system

Dally | Daily o) cted Fluid
average | horizontal Collector| .
heat . circul-
Date | tempe- | solar efficiency| .
. . amount ation
rature | intensity ol (%)
) | (MI/m?) (MJ/m?) rate
Aug. 22) 294 22.26 14.44 64.9
23| 279 19.33 14.40 74.5
24| 268 19.82 13.85 69.9 19.7 € /min
26| 27.1 16.41 10.53 64.2
27) 27.6 18.74 12.53 66.8
Oct. 30| 75 13.84 10.17 735
31 5.3 14.85 11.32 76.2
Nov. 3] 7.8 11.85 10.50 88.6 (4.2 0 /min
4/ 87 9.25 6.76 73.1
5/ 85 12.70 9.90 779
Nov. 6| 8.6 13.71 12.14 88.5
7 8.5 9.63 7.79 78.4
8| 101 11.37 9.72 855 (7.04 /min
9] 10.3 10.16 9.51 93.6
10| 11.2° ] 10.89 10.32 94.8

Table 4. Comparison of available heat amount
between natural circulation system
and forced circulation system

Available heat amount
MJ/m?
Natu:al f F)orced Fluid
Data | . . . . % @n |circulation
circulation | circulation
system, system, rate
Qn &
Aug. 22| 13.74 14.44 1.05
23| 13.83 14.40 1.04
24| 12,94 13.85 1.07 |9.7 ¢ /min
26/ 10.17 10.53 1.03
27| 11.45 12.53 1.09
Oct. 30| 12.03 10.17 0.85
31, 14.04 11.32 0.81
Nov. 3] 13.10 10.50 0.80 4.2 ¢ /min
4 8.40 6.76 0.80
5/ 10.05 9.90 0.99
Nov. 6| 1237 12.14 0.98
7 8.26 7.79 0.94
8| 11.37 9.72 0.85 |7.0 ¢ /min
9| 10.02 9.51 0.95
10! 11.88 10.32 0.87
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