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Abstract

The greenhouse heating system using solar energy has been realized in the protective agriculture n
this study in order to analyse the thermal energy characteristics of the system the effects of amhbient
air temperature, solar radiation, relative humidities and water content of ambient air on the greenhouse
air temperature were investigated through computer simulation cxperimental analysis for validation of
the simulation.

The results from this study are summanzed as follows:

1) The expected values of inside air temperature for the system solar energy were very much close

to the exporimental values.

2) In the system using solar energy, the expected values of davtime surface temperature of soil by

computer simulation were very much similar to the measured values, but those of mghthime were
higher than the measured value by almost 2.5 T.

Joumnal of the Korean Solar Energy Society Vol. 21, No. 2, 2001 27



A AAE o g8 20540 b AEle) BEAY AlEold Rdfd/ =R 9

3) Heat loss of daytime was found to be larger than that of night time as much as 2.0 to 4.2 times

for the system using solar energy.

4} In the system using solar encrgy, while the ambient ar temperature vared between -7C and
-3.8C, the temperature of the inside air was maintained between 0T and 227T.
5) At the minimum ambient temperature of -7C, the temperature of the inside air was 0T.

Nomenclature

M, ... -Change of water content in inside
air.(kg/sec)
M, :Change of water content at

greenhouse cover film.(kg/sec)
M,s ‘Evaporation of water content at

greenhouse soil surface.(kg/sec)
M, Change of = water
ventilation.(kg/sec)

Qo op: Heat conduction between soil surface

content by

and underground layers.

ey bl

asn, Qson ;- Convective  heat  transfer

between inside air and soil surface.
o, ~Convective heat transfer between
greenhouse cover film and outside air.
Qe , Qarec:Convective heat  transfer
between greenhouse cover film and
inside air. |
Q¥ ey - Thermal radiation between greenhouse
cover film and skyv.
rd 0, Q% - Thermal radiation between
greenhouse cover film and inside soil
surface.
Q7 v - Thermal radiation between greenhouse
cover film and sky.
Q3F .~ :Solar radiation at greenhouse cover

film.
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Q3 _so-Solar radiation at inside soil
surface.

Quec - Heat exchange by condensation or
evaporation at greenhouse cover film.

a7 4o Heat transfer by ventilation.

Qus - Latent heat of evaporation at

greenhouse soil surface.
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Fig. 1. Schematic diagram of energy flows in
greenhouse heating system by solar
energy(daytime).

Fig. 2. Complete thermal circuit simulation model
of the greenhouse heafing system by
solar energy {daytime).
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Fig. 3. Schematic diagram of energy flows in
greenhouse heating system by solar
energylnight time).
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Fig. 4 Complete thermal circuit simulation model
of the greenhouse heating system anly
by solar energy (night time).
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Fig. 5 Flowchart of computer programming to
simulate greenhouse heating system by

only solar energy.

Table 1. Input data for computer simulation model.
. T _soll . solar
T_(E:g;bl' L0cm) Rﬁ/g)n] Rl—{lﬁ’(f?;lt) radiation missi\S'ity
(0) (w/ )
-31 63 49 82 007 DHES
-08 68 Al ) WRE 055
-1.1 6.9 &5 62 1808 085
-0.2 73 62 3 NRE 0675
1.0 76 45 4 249 0713
24 84 2 3R 951 0740
35 100 % 0 4%1 0715
42 114 4 £ M22 067
39 12.1 67 3l 192 053
30 119 67 32 417 0506
17 114 & 4
07 107 62 47
05 10l Al 54
-12 95 59 59
-26 90 5 64
-30 84 57 £3
-42 79 5 74
4.7 74 55 80
-49 69 % 87
55 6.4 % 88
-56 6. 4 91
-59 55 5 93
6.7 5.1 5% 93
-6.3 48 33 9%
-30 46 52 93 584 0625
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Fig. 6. Greenhouse heating system by solar
enerqy.
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Fig. 7. Comparison between the theoretical and
experimental values of the air temperature
varation inside greenhouse heated by
solar energy.
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Fig. 8. Comparison between the theoretical and
experimental values of the soil surface
temperatures variation inside
greenhouse heated by sclar energy.
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Fig. 9. Characteristics of the thermal energy flow

and temperature variation in the greenhouse
heated by only solar energy.
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