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Effect of large span asymmetric fermentation heat storage greenhouse
on thermal environment,land saving and production increase

XIAO Jinxin, LI Jianming, WU Ying
(The Agriculture Ministry Key Laboratory of Protected Horticultural Engineering in Northwest ,College of Horticulture ,
Northwest A& F University ,Yangling s Shaanzxi 712100, China)

Abstract: [Objective) This study investigated the heat storage and preservation performance of a large
span asymmetric fermentation heat storage greenhouse (GH-F) to provide new ideas and theoretical basis
for future greenhouse design in China. [Method) GH-F was designed based on the principle of solar green-
house. The azimuth was east-west,and it was asymmetrical in north-south direction with 10 m in south and

7 m in north. The north bottom inside was equipped with a 30. 0 m><X1.0 m>1.0 m agricultural waste fer-
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mentation pool according to the length of the greenhouse. The experiment was compared with Chinese solar
greenhouse (GH-P) and a large span double layer internal heat preservation greenhouse (GH-D). The heat
dissipation of the three greenhouses under the maximum heating load (temperature difference between in-
door and outdoor was 20 “C) was compared by theoretical analysis method. The diurnal variation of illumi-
nation intensity of the three greenhouses on sunny days in winter were determined. The thermal storage,
heat preservation performance,cost of investment,and benefit of land saving and production increase under
typical sunny,cloudy and snowy days in winter were also compared by experimental measurement method.
[Result] Under the condition of 20 ‘C difference between indoor and outdoor at night,heat dissipating ca-
pacities of GH-F,GH-D and GH-P were 51. 21,45. 99 and 41. 86 W/m’, respectively. The thermal insula-
tion performance of GH-F was less that as that of GH-D and GH-P, thus heat was needed to be supplemen-
ted by fermentation pool. The average temperature of the fermentation pool was 24. 7 °C, higher than the
indoor temperature from January 01 to January 31,2016, which effectively released heat to the inside. The
average night air temperatures of GH-F,GH-D and GH-P on a typical sunny day were 7. 9,5.0 and 8.0 C
and ground temperatures were 12.0,10. 4 and 10. 7 “C. The average night air temperatures of GH-F,GH-D
and GH-P on a typical cloudy day were 8. 7,5.8 and 7.3 °C and ground temperatures were 11.3,9. 1 and
10.9 C. The average night air temperatures of GH-F, GH-D and GH-P were 8. 9,6.5 and 7. 1 ‘C and
ground temperatures were 11.6,9. 8 and 9. 3 °C on a typical snowy day. During the whole experimental pe-
riod, the average daily air temperature of GH-F was 2. 1—3. 0 °C higher than that of GH-D and 0. 7—2. 1
°C higher than that of GH-P. The average daily ground temperature of GH-F was 1.4—2. 0 “C higher than
that of GH-D and 0.5—2. 2 °C higher than that of GH-P. Under extreme outdoor temperature of —14. 3
°C , the lowest night temperature of GH-F was 5. 4 °C ,which was 3. 8 and 0. 8 °C higher than that of GH-D
and GH-P,respectively. The final benefit analysis showed that the construction cost of GH-F was 180. 06
yuan/m®,59. 97 and 170. 02 yuan/m* lower than GH-D and GH-F. GH-F increased land utilization rate by
29.93% and increased tomato yield by 1. 80 kg/m? in comparison with GH-P. [Conclusion) The design of
GH-F was reasonable with better temperature performance,land utilization rate and actual planting effect
than GH-P. It is suitable for the popularization and application in the middle and lower reaches of the
Yellow River and the Huai River Basin.

Key words: fermentation heat storage greenhouses (GH-F);heat storage insulation; fermented heat;

thermal environment analysis; greenhouse design
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Table 1 Signs,meanings and units for greenhouse heat load simulation
5 Sign & ¥ Meaning B Unit
Fi £ XA (RS A V)R 1 5 B L ) T A Area of backwall, roof . rear slope and land m?
K A DR R R R 30D fE IR B W/(m? « C)
! Heat transfer coefficient of backwall,roof,rear slope and land

T, ‘N IRJE Indoor temperature C
Tw % SMEJE Outdoor temperature °
\4 % N AR Internal volume of greenhouse m3
N e UH Air changes h!
C, 75309 % JE HL #4 Specific heat at constant pressure of air kJ/(kg + °C)
o 235 B Air density kg/m3

Tk 25 L% B4 47 fif Heating load of greenhouse W
Q [l 3 &5 #4) #E 4 B Heat output of enclosure structure w
Q> ¥ X 3B #E M Heat output of ventilation W
Qs H#i & $EE Heat output of soil w
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Table 2 Simulation analysis of heat dissipating capacity of three greenhouses

ke /W RS ERAE/W

Ho b £ AR /W

B /(W e m—2)

i Pt i gk % i/ m? L
N i % Heat released from Heat released from cold  Heat released AEEBBUR/W SR/ m Heat dissipating
Greenhouse . S . Total heat loss Indoor area .
containment structure wind infiltration from the earth capacity
GH-F 16 613.02 6 558. 23 2 946. 80 26 118. 05 510. 00 51. 21
GH-D 17 726. 45 2 781.55 2 946. 80 23 454. 80 510. 00 45.99
GH-P 8 886. 90 2 984. 67 2 778.00 14 649. 57 350. 00 41. 86
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Table 3

Average construction costs, production costs and benefits of three greenhouses
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AP IRA/ (O + mT?)
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Lns I ok 7 = e 2 - e T .« m—2 e 2
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Civil  Steel structure Depreciation  Production Labor Yield value Net profit
. . Total . Total
engineering and other materials costs
GH-F 70.91 109. 15 180. 06 11.99 10. 49 14. 34 24. 83 24.29 60. 73 23.90
GH-D 60.72 179. 31 240.03 16. 04 9. 00 9. 00 17.99 18. 00 39.58 5.55
GH-P 206. 00 144. 08 350.08 23.39 7.50 16.49 23.99 22.49 56.22 8.85

£ :GH-F fl GH-P FAE K0 — 4 —FE GRAFE) . GH-D 47 2 BT sl 5 BRIE S5 R A . 10 = 7 B — A= 77 A — 37 11 8% L 3 3 47 IH AR R

15 4%,

Note:Planting mode in GH-F and GH-P is once per year (overwintering cultivation) ,and planting mode in GH-D is in advance in spring or

delayed in autumn. Net profit=Output value— Cost of production— Depreciation. The depreciation life of greenhouse is 15 years.
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