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Analysis and Optimization of Greenhouse Gutter Effect on Radiation Distribution
inside Multi-span Greenhouses Based on Dynamic Model

ZHOU Bo' SUN Weituo' GUO Wenzhong' ZHOU Baochang” SHI Lei’ LI Guangju’
(1. Beijing Research Center of Intelligent Equipment for Agriculture, Beijing 100097, China
2. College of Horticulture, China Agricultural University, Beijing 100083, China
3. Shouguang Agriculture and Rural Bureau, Shouguang 262700, China)

Abstract; Indoor farming system has played an important role in precision agriculture. In recent years,
many innovative greenhouses have been built in China. In order to enhance the thermal insulation of
multi-span greenhouses in northern region, external thermal screen has been installed on multi-span
greenhouses ( Shouguang-type intelligent greenhouses ). The external thermal screen and its power
mechanism were installed above a large gutter. However, the larger gutter caused the lower light intensity
in the greenhouse. In order to analyze the indoor light environment and optimize the gutter and
greenhouse design, a dynamic model of light distribution inside the greenhouse was constructed. Based
on the model, the uniformity and sensitivity of indoor light environment were analyzed. The results
showed that the order of the influence on the average value of daily accumulated radiation in the
cultivation area was the gutter distance, width, depth and height. Among different design combinations,
there were multiple optimal ones of light distribution in the cultivation area. And the current gutter design
of Shouguang type greenhouse was reasonable for uniform indoor light environment on local winter solstice
day, including the distance (12.00 m) , and width (1. 60 m) , depth (0.86 m) and height (6.30 m) of
single gutter. According to the simulation results under different scenarios, the suitable ratios of the sum

of gutter height and depth over the sum of gutter distance and width among all the suitable designs (the

W e H 399 . 2020 -08 — 16 & 18l H 3] . 2020 —09 — 15

E£WE: THERGHEXE SRS E (2018BBF02011) 7 & [0 % A ¥4 X & 5% (F K ) WF & % T (2019BBF02010 ) Al & K 4l {5 B
T REB AW 5 b0 F b 56 2 5 H

EHE A FP(1990—) , 53, B3 o 5t A2k, E 2 N F 1R e 20 3R BE S AL A 5, E-mail; zhb_nash@ foxmail. com

BEMESE: SR (1970—) 5B W58 61, 128 S0, 3 22 S5 5t R SR AR 05 5 BB 2 & 9T, E-mail : guowz@ nercita. org. cn



%5 1)

JEL I 2« AR B UL 2 K0 A R A B DX O BRI Y 5w o B 287

minimum variation coefficient of radiation intensity) were between 0.49 and 0.54. The dynamic model

could provide a theoretical basis for the design and application of Shouguang-type intelligent greenhouses

in different regions.

Key words: multi-span greenhouse; gutter; radiation distribution; dynamic model
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Fig.1 Multi-span greenhouses with external thermal screen
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Fig.2  Distribution of light intensity in single span cultivation area from sunrise to sunset on winter solstice
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Tab.1 Average, standard deviation, variation coefficient and relative sensitivity of daily accumulated radiation of

each sample point from east to west in greenhouse single span cultivation area with different gutter heights

PRGN Y tEp IR B Fitkepip s A 2 - 185 {8 AR X o ¥4 22 AH X 5 5 R A
H/m Piff/(MJ-m~2) W2/ (MJ-m~2) A5 5 R R i TR AR Bk
4.50 4.509 0. 049 0.011 -0.007 -0.031 ~7.0x10 73
5.00 4.505 0.029 0. 006 -0. 005 -0.021 -4.7x10°3
5.50 4.502 0.015 0. 003 ~0.003 -0.011 -2.5%x107°
6. 00 4.500 0. 009 0. 002 0 -0.003 -6.0x10°°
6.50 4.499 0. 009 0. 002 -0.007 0. 004 8.0x10°
7.00 4.499 0.012 0. 003 -0. 002 0.007 1.5x10 73
7.50 4.490 0.014 0. 003 -0.012 0. 006 1.4 %1073

K2 ARRAEEEERERERANFIEREAABRREH THENEEZ TRRYEMENGRE

Tab.2 Average, standard deviation, coefficient of variation and relative sensitivity of daily accumulated radiation of

each sample point from east to west in greenhouse single span cultivation area with different gutter depths

ENGEINENCY) H RT3 H R A A of SR AR A P P E AR X T o 22 A XT RS Ciibn)
D/m ff/(MJ-m ™) Z/(MJ-m~?) S R R R
0 4.897 0. 045 0. 009 -0.088 -0.008 -1.6x107°
0.20 4.803 0.033 0. 007 -0.088 -0.007 -1.4x107°
0. 40 4.709 0.022 0. 005 -0.087 -0.005 -1.1x107°
0. 60 4.617 0.013 0. 003 -0.086 -0.003 -6.0x107°
0. 80 4.526 0. 008 0. 002 -0.083 0. 002 4.0x10°°
1. 00 4.439 0.013 0. 003 -0.083 0. 006 1.4x107°
1.20 4.353 0.022 0. 005 -0.083 0. 007 1.7x107°

R3 ARARAEEREHBERANFIEERACEEREH THEGEZ ERAGNANERE

Tab.3 Average, standard deviation, coefficient of variation and relative sensitivity of daily accumulated radiation

of each sample point from east to west in greenhouse single span cultivation area with different gutter widths

KA GESE H S H S8 g b H S B T (AR T o 22 A %] AR S Z BRI
W/m B/ (MI-m ™) 2/ (MJ-m ~?) LR R R R
0.20 5.017 0. 043 0. 009 -0.131 -0.009 -1.7x107°
0. 40 4.935 0.038 0.008 -0.129 -0.009 -1.7x107°
0. 60 4.856 0.033 0. 007 -0.127 -0.009 -1.7x107°
0. 80 4.779 0. 028 0. 006 -0.124 -0.009 -1.7x107°
1.00 4.706 0.023 0. 005 -0.122 -0.008 -1.7x107°
1.20 4.634 0.018 0.004 -0.119 -0.008 -1.6x107°
1.40 4.566 0.013 0. 003 -0.117 -0.007 -1.4x107°
1. 60 4.500 0. 009 0. 002 0 0 0
1. 80 4.436 0. 009 0. 002 -0.114 0. 000 1.0x107°
2.00 4.374 0.013 0. 003 -0.112 0. 003 8.0x10°°
2.20 4.315 0.018 0. 004 -0.110 0. 005 1.3x10°°

F4 FTRARGEEEERERANFIASHACBRREH THEGEZ TRALMEXNSRE

Tab.4 Average, standard deviation, coefficient of variation and relative sensitivity of daily accumulated radiation of

each sample point from east to west in greenhouse single span cultivation area with different gutter distances

K {4 1] B F SR TR 55 H 2R S tr H ZBUR 4T P-4 {0 AR X A T 22 AR NS 7 5 Z KO X
L/m YI{E/ (MJ-m %) W2/ (MJ-m %) AF 5 R B T R R
10. 00 4.323 0.015 0. 003 0.236 -0.008 -1.9x107?
11. 00 4.418 0.011 0. 003 0.219 -0.007 -1.6x107°
12. 00 4.500 0. 009 0. 002 0 0 0
13.00 4.571 0.010 0. 002 0. 189 0.003 5.0x107°
14. 00 4.633 0.014 0. 003 0.177 0. 007 1.5x10°°
15. 00 4. 688 0. 021 0. 005 0.167 0.011 2.3%x107°
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Tab.5 Gutter design parameters of minimal variation coefficient

K I8 ) B PRGNS K B K0 G B H Z2BUREE H BB SR H 28U 4t (H4DY/ (L+W)

L/m H/m JERE D/m W/m B/ (MIsm™%) #E22/(MJ-m™?) A5 5 R A

12. 00 6.30 0. 80 1. 60 4.526 0. 008 0.002 0.52
12.00 6. 30 0. 86 1. 60 4. 500 0. 009 0.002 0.53
12.00 6. 30 0. 86 1. 80 4.436 0. 009 0.002 0.52
12.00 6. 00 0. 86 1. 60 4.500 0. 009 0.002 0.50
12.00 6.50 0. 86 1. 60 4.499 0. 009 0. 002 0.54
13.00 6.30 0. 86 1. 60 4.571 0.010 0. 002 0.49
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