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Abstract; Chinese solar greenhouse ( hereafter referred to as solar greenhouse) has been widely applied
for growing vegetable during winter with little or without additional heating. The traditional back wall
could store heat in the daytime and release heat in the solar greenhouse in the night. It plays an important
role in maintaining high indoor air temperature in the solar greenhouse. However, this kind of wall has
the disadvantages of high cost and uncontrollable exothermic process. The solar greenhouse with the
traditional back wall was easy to show low air temperature in the late night. To solve the problems, it was
proposed to replace the traditional back wall by employing the heat insulation back wall and the active
heat system, which could collect heat in the daytime and release heat actively in night. The active heat
system developed with capillary tube mats (AHSCTM) was developed. The heat collecting and releasing
performances of AHSCTM was investigated and compared with the composite wall, which was constructed
with 370 mm clay brick and 100 mm polystyrene board, aiming to test the above proposal. AHSCTM was
composed of capillary tube mats installed on the back wall or hanged on the south roof of the solar
greenhouse, water tank, water pump and pipes. By circulating water, AHSCTM could collect the heat
from the solar radiation intercepted by the capillary tube mats in the daytime and stored in the water tank.
And in the night when the air temperature was low, those heat could be recovered to heat the solar
greenhouse by circulating water again. According to the test, the heat collected in the daytime and
released in the nighttime by AHSCTM were 84.4% ~111.3% and 74.8% ~100.7% of those collected
and released by the composite wall, respectively. The coefficient of performance ( COP)of AHSCTM was
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1.1 ~ 2. 4. Nevertheless, during operation of AHSCTM in the nights of solar day, cloudy day and
overcast day, the heat released by AHSCTM was 98.2% ~172.5% of the composite wall. in the other
hands, a dynamical model was developed to simulate the water temperature of the water tank. The results
showed that the simulated water temperature agreed well with the measured water temperature. This
model can be used to improve the heat collecting and releasing performances of AHSCTM. Based on this
model, ASHCTM can be improved by lengthening the capillary tube and increasing the number of
capillary tubes in each mat. Then, the heat collected in the daytime and released in the nighttime by the
improved AHSCTM were 67.6% ~ 112. 1% and 69.0% ~ 128.3% of the composite wall respectively.
COP of the improved AHSCTM was 2.8 ~7.0. During operation of AHSCTM in the nights of solar day,
cloudy day and overcast day, the heat released by AHSCTM was 2.5 ~5. 1 times of that of the composite
wall. Thus, it was feasible to replace the composite wall in the solar greenhouse by employing the
improved AHSCTM and the insulation back wall.

Key words: Chinese solar greenhouse; capillary tube mats; active heat system; external insulation

composite wall; heat collection and release performance
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Fig. 1 Structure sketch of test solar greenhouse
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Fig.2  Schematic composition of active heat system

developed with capillary tube mates
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Fig.3 Schematic of capillary tube shadow on

plane paralleled to north-wall
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Fig.4 Nodes in external insulation composite wall
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Tab.1 Thermal parameters of material involved

in external insulation composite wall
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Fig.5 Variations of indoor and outdoor air temperatures

and solar radiation on inner surface of north wall
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Fig.7 Variation curves of temperatures at each node of

insulation composite wall
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Tab.3 Fitting equations of wall temperature in

heat storage layer varied with depth

Al RE A2k R?
T, an = —1408.3x% +924. 74" +
I th ' 0.99
0207 235.8x% +22.5x +11.8
Ty pwa = —1975.9x* +1477.3x° -
zE o - 0.99
249. 94> —55.5x +26.6
T, un = =2 5742 +1645.8x" -
WG 0.99
02— 08 396.2x% +41. 7x +11.7
T, g = —1972.5x% +1556.32° -
N 0.99
355x% —12x +21.4
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fuk 0.99
02— 09 283.8x% +30.3x +11.6
T, g = —560. 22" +116. 45> +
R 0.99

110.9x% —48. 1x +17. 4
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Tab.4 Stored heat in daytime and released heat in

night of external insulation composite wall MJ

il AHCTM % 4;

e v G AT I R A
02-07 203.0 160.0 71.4
02 -08 118.4 116.1 63.6
02-09 31.5 80.9 61.6
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