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Solar Energy Storage Effectiveness on Double Layered
Single Span Plastic Greenhouse

S.H. Lee Y.S Ryou J P, Moon N K Yun J K Kwon S J Lee K W.Kim

This study was carried out in order to reduce the amount of underground water which is used in the double layered single
span plastic greenhouse for retaining heat. For this research, two plastic green houses of the double layered single span
plastic greenhouse were installed. There was equipped of internal small tunnel for keeping warm air in the interior of the
house. Then the internal small tunnel for keeping warm air was fitted with PVC duct of 50 cm in diameter filled with
subsurface water. The surplus solar energy in the greenhouse was stored in the water in the PVC duct.

Four FCUs (Fan Coil Unit), which has the capacity of 8,000 kcal per hour, were installed in the middle of the house,
and a circulation motor in heat storage water tank was operated from 10:30 a.m. to 16:00 p.m. in order to circulate water
between the water tank and the FCUs. Consequently about 5 degrees celsius could be maintained in the interior of the
internal small tunnel for keeping warm air with the external temperature of lower than minus 5 degrees celsius. It appeared
that the alteration of an internal temperature of the house was flexible depending on the sunlight during daytime.

To prevent the water freezing, mixing antifreezing liquid in the water or operating FCU continuously was needed. Also,
in order to use the surplus solar thermal energy on plastic green house of water curtain system efficiently, storing the
surplus heat during daytime simultaneously finding a method of using water curtain systematic underground water happened
to be important. As a result of this research, when the house's interior temperature is below zero the operation of FCU
appeared to be impossible. Considering the amount of water used in the house with water-curtain-heating system is 150~
200 ton per day, using the system mentioned in this research showed that reducing the underground water more than 80%
in order to maintain the internal temperature as the level of 5 degree celsius at the extreme temperature of minus 5 degrees
celsius.

Keywords : Water curtain system, Surplus solar thermal energy, Plastic greenhouse, Greenhouse keeping warm system
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Fig. 1 Sensors layout of the experimental site.
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Fig. 2 Experimental greenhouse with FCU.

Table 1 Operation scheme of the experimental system

Internal vinyl tunnel . .
Items Water pump FCU Fan running time
South North
Case | Close Close On 10:30~16:00
Case I Close Close Off 10:30~16:00
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Table 2 Temperature variation of the experimental greenhouse with tunnel covering

Maximum Minimum Average
Items
SS SN SS SN SS SN
c I Water temp.(C) 13.8 12.9 6.8 6.9 9.7 9.3
ase

Internal temp.(C) 15.6 15.6 -0.6 -1.5 43 44
Water temp.(C) 7.4 7.8 4.4 4.7 5.7 6.0

Case I -
Internal temp.(C) 133 14.1 -3.4 -3.9 2.1 1.9

Ambient temp.(T) 2.5 -18.8 -8.0

20

15

Temperature( C)

-15

-20

-25

Time of dates

Fig. 3 Temperature profile of the experimental duration.
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Table 3 Temperature variation of the experimental greenhouse without tunnel covering

Maximum Minimum Average
Items
SS SS SN SS SN
c I Water temp.(C) 19.2 18.8 14.0 144 17.0 16.7
ase
Internal temp.(C) 7.3 2.0 2.0 7.3 7.5
Water temp.(C) 11.1 11.8 10.3 10.9 10.8 114
Case I .
Internal temp.(C) 14.5 14.1 -1.1 -0.6 5.0 52
Ambient temp.(C) 33 -7.9 2.2
25
20
15 x F\S
o %%% ——case 15 unter
T a B —coe 1 aoter
3 | ——Case 2_85_water
® \-n_ﬂ_“—“:‘ —Cose 2 SN wter
& —CESEI:SSJH(Emﬂ
€ S I ——case 1_SN_Internal
g
0 Outside T
-5
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Fig. 4 Temperature profile of the experimental duration.
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