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Abstract Because of the problem that there is a weak light area on the north side of the flexible thermal

insulation solar greenhouse due to its unique structure and material, the reasons for the low light on the
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north side of the flexible thermal insulation solar greenhouse were analyzed by theoretical analysis and
experimental testing methods under different weather conditions in spring. The light environment of the
flexible thermal insulation solar greenhouse was improved by increasing the haze of the film covering film in
front of the greenhouse and adding reflective film on the back wall. The results showed that: 1) The DLIs at
2.5 and 1.5 m from the north wall of the flexible thermal insulation solar greenhouse were only
18.78% —21.42% and 12.93% — 14. 11% of the south measurement point (11.5 m). The distribution was
extremely uneven in the north and south, and the weak light phenomenon on the north side was prominent,
which was mainly due to the shading of the roof insulation. 2) The haze of the greenhouse film was
increased from 24.29% to 43.94%, and the DLIs at 2.5 and 1.5 m from the north wall were increased from
27.63% to 70.43% and 23.02% to 35.38% at the south measurement point (11.5 m) , respectively,
indicating that increasing the haze of the film could alleviate the problem of weak light on the north side of
the greenhouse to a certain extent. It increased the amount of light on the north side; and reduced the
difference between north and south illumination. 3) The light environment of the north wall at 2.5 and 1.5 m
away from the north wall was further improved after the addition of reflective film, and the DLIs was
increased from 47.42% to 77.95% and 33.74% to 70.82% of the south measuring point (11.5 m) ,
respectively. In conclusion, the combination of the scattered light film and the north wall reflective film can
basically solve the problem of weak light on the north side of the flexible thermal insulation solar

greenhouse. Both the scattered light film and the reflective film have a significant brightening effect on the
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north side of the flexible thermal insulation solar greenhouse under sunny conditions.

Keywords flexible insulated solar greenhouse; scattered light; haze; film; reflective film
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Fig.1 Test the indoor (a) and outdoor (b) conditions of the greenhouse
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Table 1 Light transmission covering material film parameters

= ERE/% &/ Y JE B /mm

Greenhouse Haze Transmittance Thickness
%} & Control 24.29 89.18 0.144
48 Trial 43.94 89.40 0.142

1. W& ;2. J5 5 ;3. OB
1. Front roof; 2. Back wall; 3. Reflective film
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Fig.2 Renderings of reflective film for solar greenhouse
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Measuring point 1 - measuring point4: 1.5, 2.5, 6.5 and 11. 5 m from the north wall along the north and south directions

of the greenhouse, respectively, and 0. 5 m from the ground.
B3 04-19—0421 B REBERRMZXEERALEFZE (PPFD )T
Fig.3 04-19—04-21 Changes in photosynthetically active optical quantum density (PPFD) at different

times in the control greenhouse
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Table 2 Daily Accumulated Light (DLI) at each measurement point in the control greenhouse

BEdbHE 1.5 m
H i 1.5 m from the north wall

FEAEHS 2. 5 m

2.5 m from the north wall

FEILHE 6.5 m

6.5 m from the north wall

BEdbI% 11. 5 m

11. 5 m from the north wall

Date

DLI/ i/ % DLI/ e/ DLI/ A/ % DLI/ i/ %
(mol/(m” +d)) Percentage (mol/(m”-d)) Percentage (mol/(m”-d)) Percentage (mol/(m”-d)) Percentage
04-19 2.22 12.93 3.42 19.92 17.33 100. 93 17.17 100
04-20 0.49 12.96 0.71 18.78 2.70 71.43 3.78 100
04-21 1.91 14.11 2.90 24.42 12.11 89. 44 13.54 100
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h is the solar elevation angle, The same as Fig. 7.
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Fig.4 Schematic diagram of light blocking by insulation quilt
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Measuring point 5 - measuring point 8: 1.5, 2.5, 6.5 and 11. 5 m from the north wall along the north and south directions of

the greenhouse, respectively, and 0. 5 m from the ground.
El5 04-19—04-21 BEEMBEHAHEREREXLSERNREFZEE (PPFD) T
Fig.5 04-19—04-21 Changes in photosynthetically effective optical quantum density (PPFD) in greenhouse after increasing

the scattered light film
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Table 3 Daily Cumulative Light (DL at each measurement point in the greenhouse after increasing the scattered light film

HJLE% 1.5 m Bt 2.5 m B 6.5m HdbH% 11.5m
H 1.5 m from the north wall 2.5 m from the north wall 6.5 m from the north wall 11. 5 m from the north wall
bate DLI/ Hetl/ % DLI/ He A/ % DLI/ Hetl/ % DLI/ Hef5l/ %
(mol/(m” +d)) Percentage (mol/(m”-d)) Percentage (mol/(m”-d)) Percentage (mol/(m”-d)) Percentage
04-19 5.24 35. 38 10.43 70.43 17.37 117.29 14.81 100
04-20 0.70 23.03 0.84 27.63 3.23 106. 25 3.04 100
04-21 3. 84 33.71 6.89 60. 49 13.37 117. 38 11.39 100
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Measuring point 9 - measuring point 12: 1.5, 2.5, 6. 5and 11. 5 m from the north wall along the north and south directions of the greenhouse,

respectively, and 0. 5 m from the ground.
E6 04-19—04-2138MEBHAFEMRAEFHAXLRERRMZI KRG ERNEFEE (PPFD) T
Fig.6 04-19—04-21 Changes of photosynthetically active light quantum density (PPFD) at different times in the solar

greenhouse after the addition of scattered light film and reflective film
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Table 4 Increasing the daily accumulated light (DLD of each measurement point in the greenhouse after increasing the scattered

light film and reflective film

BEIEHE 1.5m HEALES 2.5 m FEdtHE 6.5 m BEdtHE 11.5m
H 1] 1.5 m from the north wall 2.5 m from the north wall 6.5 m from the north wall 11.5 m from the north wall
bate DLI/ He A1/ % DLI/ Hopl/ % DLI/ He A1/ % DLI/ Hopl/ %
(mol/(m? +d)) Percentage (mol/(m”+d)) Percentage (mol/(m”+d)) Percentage (mol/(m”-d)) Percentage
04-19 11.72 70.82 12.29 74.26 17.84 107.79 16.55 100
04-20 1.11 33.74 1.56 47.42 2.96 89.97 3.29 100
04-21 7.19 54.93 8.70 66. 46 13.65 104. 28 13.09 100

T 6 T 2 R 7 00 A 2 PR T AR L
MU 5 H DG IR T 22 5 T R R R s —
WA P A SR E SR R A T 225, &N
PO O A INEATIR 3 RER Y Y] =0 N [ P P 3 N
IR — 2y .

Shy 1) BRSO B 8% 52 i A BE B 45 A TR =
TER R SE B BT TR i RO B s i AT 4
Bro L4 H 21 HAB, 177 08:00 BF A BH & B Ak
307, B B2 S ) TS O 2k 55 3 L BE AL BE 1. 30
~2.53 m; A7 09:00 BF K BH &5 B A 417, i 2

1000 y
1 1 1

Hifij:em  Unit:em
Lo Jm 2, BRI 3. A6k s 4. M s SR I 5 6. SRR
1. Back wall; 2. Insulated quilt; 3. Incident rays; 4. Ground;
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Fig.7 Schematic diagram of the action distance of

the reflective film
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