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Relationship between Indoor Temperature and Rolling Shutter
Opening of Solar Greenhouse Based on CFD
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Abstract; The solar greenhouse can effectively reduce the heat loss under the outdoor condition at low
temperature by covering insulation materials. Based on the previous study of design and experiment of the
rear fixed type rolling shutter device in solar greenhouse, in order to study the influence of rolling shutter
opening on the temperature change in solar greenhouse, aimed at the insulation pads, the typical
“Liaoshen [V 7 solar greenhouse structure was simplified. The result suggested that the indoor
temperature of solar greenhouse can be affected by the rolling shutter opening, which changed the
covering area of insulation materials and heat dissipation rate of solar greenhouse. There was a linear
proportional relationship between indoor temperature of solar greenhouse and rolling shutter opening. And
then this theory was verified by CFD — Fluent. The following conclusion was drawn: covering the shutter
can effectively reduce the heat loss and maintain appropriate indoor temperature and its uniformity for
solar greenhouse. Under ideal conditions, the rolling shutter opening would change the covering area of
insulation materials and lead to the differences of heat dissipation rate for solar greenhouse, at last, lead
to the regional difference of inner temperature. And the relationship between changes of inner temperature
and the value of rolling shutter opening was almost linear. The study intuitively reflected the relationship
between indoor temperature and roller shutter opening of solar greenhouse, and provided a theoretical
basis for further strengthening the precision control of rolling shutter machines, besides it would provide
effective reference for greenhouse production practice in China, and it had an important theoretical and
practical significance.

Key words: solar greenhouse; temperature; rolling shutter opening; CFD — Fluent simulation;
experiment
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Tab.1 Insulation property differences between

straw curtains and insulation pads
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Fig. 1  Graphic simplification of “Liaoshen IV " solar
greenhouse
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Fig.2 Convective heat transfer of indoor air and covering

materials in solar greenhouse
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Tab.2 Central angle and covering area at different

roller openings
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K/% f/(°) HH) TR A, /m’ TR A,/m’
0 0 693. 42 0
20 10. 6 554.74 138. 68
40 21.2 416. 05 277.37
60 31.8 277.37 416. 05
80 42.4 138. 68 554.74
100 53.0 0 693. 42
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Tab.3 Boundary conditions for solar greenhouse simulation model of Fluent
BUR R BT JE £/ mm M SR (Wem 2K ) W5 /K

J5 Bt WALL 400 PN 32 T K B 05 49 K 1.270 273
Rt WALL 200 33 T B 4. 400 273
iR WALL 200 - 3 % B 4. 400 273
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I3y ] WALL 20 25 PC Az 10 mm + FRP FLA% it 2.100 273
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% WALL 0.8 RE ) 21.12 273
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Fig.5 CFD — Fluent contrast of temperature clouds of plane ¥ =1 m and Z =30 m with 20% opening
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Fig.4 CFD — Fluent contrast testing of whole temperature clouds with K =0 and K =100%
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Tab.4 Temperature variation of different roller openings

Fig. 11

after the same test time

BRI FSMR OBBENT 10 min FRENRER

J§/ % g0 WEsC FEEE/C /T
0 15 41.59 39.32 2.27
20 15 42.39 35.02 7.37
40 15 41.59 33.81 7.78
60 15 41.41 32.24 9.17
80 15 41.55 30.72 10.83
100 15 41.54 27.59 13.95
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