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Abstract

Three methods for heat collection, which were the flat plate solar collector, two fan with radiator,
and sqnare pipe method, were studied to use efficiently solar energy in the three different glasshounses
for two years. The flat plate solar collector method was made use of the commercial solar collector
with collection area of 24 m?, the method of two fans with radiators collecied solar energy at the top of
the glasshouse, and the square pipe method circulated water around the glasshouse. An thermal stor-
age tank was constructed underneath in each glasshouses. When an area of 1,000 m* was heated to the
minimum temperature of 9"C, the decrease rate of heating fuel for the flat plate solar collector, the fan
attached radiator and the square pipe methods were 7%, 19% and 28% respectively. The flat plate
solar collector method, which could be heated approximately 40-50 m?, was currently used by most of
the farmer. Under the condition, the decrease rate of annual heating fuel was 14% which was not bet-
ter for an economic annual heating fuel. If the fan with radiator method was operated, the use of
installation and maintenance were required. So, it could not be good economic efficiency of solar heat-
ing. The heating efficiency of the square pipe method was relatively beiter than those of the flat plate
solar collector or the fan attached radiator. Since the cost of materials and its installation for the use
of square pipe method was lower than any other method. However, corrosion of the pipe, greater
shade in the greenhouse and strength against the square pipe were problems that should be overcome
in the square pipe method.

Key words : flat plate solar collector; radiator, square pipe, thermal storage heat tank, heating degree
hour, fuel reduction
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Fig. 1. The method of installing two fans atiached to
radiators to collect solar energy at the top of the glass-
house.
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Fig. 2. The method of installing a square pipe to circulate
water around the glasshouse.

High temp. water | nw temp. watar i‘

Table 1. Change of monthly mean water temperature” in different heat collection methods

Solar collector” Square pipe* Fan attached radiators™
Month High Low High Low High Low
temp. (A)  temp. (B) AB temp. (C) temp. (D) D temp. (E)  temp. (F) E-F
'99. Nov. 36.3 29.3 7.0 22.6 19.9 2.7 254 234 2.0
Dec. 319 24.8 7.1 22.3 19.7 2.6 21.9 20.0 1.9
'00. Jan. 34.0 26.8 7.2 258 23.1 2.7 243 22.4 1.9
Feb. 32.1 25.9 6.2 225 20.0 25 22.8 20.8 2.0
Mar. 29.8 232 6.6 21.6 18.8 2.8 23.9 22.0 L7
Mean 32.8 26.0 6.8 23.0 20.3 2.7 23.6 217 1.9

” Amount of heated water per one day : 6,000 L.
Y Flat plate solar collector with collection area of 24 m?.

* Square pipe(75 X 45X 3 t), in which water is circulated, is used as purlin.
¥ Fan attached radiators to collect the solar energy at top of the glasshouse.
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Fig. 3. Collected energy by the different heat collection
methods on Jan. 18, 2000.
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Fig. 4. Regressional relationship between the setting value
of inside air temperature and heating degree hour.

Table 2. Total amount of heat collection and heating efficiency in different heat collection methods*

DHY Term heating load”

Amount of heat collection

Month
on (hr) (1/1,000keal - m?) Solar collector Square pipe Fan attached radiators
'99. Nov. 740 323,570 71,400 (22)¥ 275,400 (85) 204,000 (63)
Dec. 2,730 1,193,690 89.460 (8) 327,600 (27) 239,400 (20)
'00. Jan. 3,920 1,714,020 86,460 (5) 324,000 (19) 228,000 (13)
Feb. 4,320 1,888,920 96,720 (5) 390,000 (21) 312,000 (17)
Mar. 1,280 559,680 87,120 (16) 369,600 (66) 224,400 (40)
Total 12,990 5,679,880 431,160 (7.6) 1,686,600 (29.7) 1,207,800 (21.3)

7 Inside air temperature was set as 9°C for greenhouse heating with floor area of 1,000 m”.

Y Heating degree hour(Mihara, 1980) : If Q. =Qy, DH,=24(Q-Qp), if Qu<Qy, DHy= 24(Qy-Qy) - (Qe-Q)Y (Qh-Ql)z, but
Q.,<Qy, Q-Q=0 : Q.=setting temp., Qy= maximum temp., Q=minimum temp., Qp=rmean temp.

* Term heating load(Lee$} Moon, 1993) Q=A,, - U - 0.75 - (Ti-T,) - (1-fr) : A,=surface area of glass house(200m?), U=heating
load coefficient (5.3kcal + m? « °C’Yy, fr=thermal saving rate of covering materials(0.45).

¥ Value in parenthesis means the percentage of energy collected by different collection methods collection to term heating load.
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Table 3. Operating time of auxiliary heater and amount of fuel saving for heating in different heat collection methods *

Solar collector Square pipe Fan attached radiators
Fuel Operating Operating Operating Fuel
Month calculated” time of F(Ii(;'ll s&;fg d time of F(lf;i s(;i(\)/gd time of saved
(1/1,000L - m®) auxiliary I - ;_ﬂ_g) auxiliary L- ;n'z) auxiliary (171,000
heater (min.) heater (min.) heater (min.) L - m9
'99.  Now. 500 2,098 98 532 398 981 312
Dec. 1,830 8,952 115 6,896 509 7,694 356
'00.  Jan. 2,630 13,097 121 11,301 465 12,095 313
Feb. 2,890 14,407 130 12,116 569 12,831 432
Mar. 360 3,847 123 1,670 540 2,975 290
Total 8,710 42,402 387 (7 32,515 2,481 (28) 36,577 1,703 (19)

*Inside ajr temperature was set as 9°C for greenhouse heating with floor area of 1,000 m?.

¥ Fuel calculaled under assumption that light oil was used as fuel(Lee, Moon, 1993). Vi=Q/H * N : Vi=amount of fuel
calculated, Q=term heating load, H=caloric value of light 0il(8,700 kcal/L)), N=thermal efficiency of hot water heater(0.6).

* Value in parenthesis means the percentage of fucl saved to fuel calculated.
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