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Note: CK represents using the conventional ventilation mode which can generate
an airflow velocity of 0.2 m's' within plant canopy; T,, T, and T; represents
treatments using the double aeration ventilation mode with air velocities of
0.6m's ', 09m-s " and 1.2 m's™". The same as below.
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Fig.3 Variation of air temperature and relative humidity of plant
canopy under different treatments on day 21 after transplanting
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Table 1 Lettuce canopy airflow regime under different ventilation modes
= = = o2 o It L ALK v " TSRS = 32 s A
Treatment Air velocity within plant Characteristic length of Revnolds number Nusselt number Convective heat transfer Flow reeim
catments canopy/(m-s ') the leaf/m €ynolds numbe usselt numbe coefficient/(W-m 2K ") ow regime
CK 0.2 0.085 1109.52+42.79d 19.51+0.74d 5.93+0.23d R
T, 0.6 0.084 3286.44422.63¢ 33.58+1.14c 10.33+£0.36¢ R
T, 0.9 0.089 5187.54+31.98b 42.16+2.22b 12.33+0.61b b/
T, 1.2 0.089 6879.25+61.63a 48.56+2.21a 14.28+0.68a i

T ARG PR AR E R % (P<005). FH.

Note: Different lower case letters in the same column indicate significant difference among treatments (P<<0.05). The same as below.

2.2 AEEXER A FAE KA A S G

AR A KRR IR 2 s, B R SRR
I, AR BT BRSNS RS, R ER
WIEER 0.9 m/s BIR BB KAH, b CK 23l m 1 24%

N 14%.

AN TR 768 J2 S0 T B A S AR R AR KR B s 1A T
BEEW (P>0.05). fEXHEESSBRERGHAEKK
AR R A, 1 CK BT M.

x2 ARERIBRRNLE TERME KRR

Table 2 Lettuce growth under different ventilation modes

Ab3 b F e i b b T

S T

R FT R oY 3

Treatments Shoot fresh weight/g Shoot dry weight/g Root fresh weight/g Root dry weight/g Tipburn occurrence/% I
CK 49.8+1.9¢ 2.5+0.2b 10.6+0.8a 0.6£0.1a 20.9+4.5a 20.8+0.8a
T, 55.2+2.2bc 2.7+0.3ab 9.7+0.6a 0.5+0.1a 0b 20.4+0.6a
T, 56.7+4.1a 3.1£0.4a 10.2+1.2a 0.6£0.1a 0b 20.8+1.6a
T, 53.9+4.5b 2.7+0.4ab 9.4+1.5a 0.6£0.1a 0b 20.6+0.9a
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FEAE T, BRI AR 1 K 2 ANE IR R [ R4 22 - (132

WA, ALY AR . R R L F
1.2 m/s I, AR 3E7 B Bt T R A Ji DR T et o v F /0
R AR R A L, A KB EEIG, FEUAL
RPN, T e

BEAh, SR RES AT R M A B, e
MrkA. Rt AR BB &I 51 K
Ryt e o i L SRR K — AN B R . b
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a. Jai b. I
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e AFR/NS TR RAF LR Z R R E (P<0.05). FH.

Note: Different lower case letters indicate significant difference among
treatments (P<<0.05). The same as below.
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Fig.4 Sensible heat flux of each treatment on day 21 after
transplanting
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Fig.5 Latent heat flux of each treatment on day 21 after
transplanting
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Impact of dual channel aeration ventilation on lettuce canopy heat
exchange in plant factories

ZHANG Yihan'? , TONG Yuxin*** , ZHANG Yi** , CHEN Can?

(1. Institute of Environment and Sustainable Development in Agriculture, Chinese Academic of Agricultural Sciences, Beijing 100081, China,
2. Key Laboratory of Energy Conservation and Waste Management of Agricultural Structures, Ministry of Agriculture and Rural Affairs,
Beijing 100081, China; 3. Institute of Western Agriculture, Chinese Academic of Agricultural Sciences, Changji 831100, China)

Abstract: A stagnant airflow area can often occur in the increasing cultivation layers in a plant factory with artificial light,
leading to the low growth of the plant, and even physiologic diseases, like tipburn. Furthermore, stagnant airflow can also lead
to uneven distribution of environmental factors in the plant canopy, resulting in uneven growth of plants. The optimal air
velocity is in the range of 0.3-1.0 m/s in plant canopy. A ventilation system can effectively solve these challenges. Previous
studies have focused on the airflow to the plant cultivation spaces. However, these ventilation systems can only provide a single
direction of airflow with low penetration, which is heavily obstructed by leaves, resulting in stagnant airflow zones within the
canopy. Besides, the devices can also increase the equipment complexity to decrease operational efficiency. In this study, an
assembled system of dual channel aeration cultivation was designed to increase the airflow within the plant canopy using
simple equipment with operation convenience. A cultivation experiment was conducted in a plant factory. There was one
control group (common aeration ventilation of a plant factory generated an airflow velocity of 0.2 m/s within the plant canopy)
and three experiment groups (the dual channel aeration ventilation mode generated the airflow velocity of 0.6 (T,), 0.9 (T,) and
1.2 (T;) m/s, respectively). A systematic investigation was made to explore the impact of different ventilation modes on plant
growth, tipburn occurrence, heat exchange with the surrounding environment, and the canopy microenvironment. The results
showed that the dual channel aeration ventilation outperformed the conventional one, in terms of the lettuce canopy
environment, lettuce growth, and heat exchange capacity. Specifically, the best growth for lettuce plants was observed at a
canopy airflow velocity of 0.9 m/s, with a shoot fresh weight of 56.7 g. The optimal canopy environment and heat exchange
capacity for lettuce were achieved at a canopy airflow velocity of 1.2 m/s. There was a decrease of 8.8% and 2.8 C in average
canopy relative humidity and average air temperature, compared with the control group. The airflow regime was first
transitioned from the laminar to a transitional flow and then changed to a turbulent flow at an airflow velocity of 0.9 m/s. The
convective heat transfer coefficient was also significantly improved with the increasing airflow velocity. The sensible heat flux
in the light and dark periods increased by 48.5% and 52.3%, respectively, while the latent heat flux rose by 52.9% and 37.9%,
respectively, with the airflow velocity within the plant canopy increased from 0.2 m/s to 1.2 m/s. Besides, there was no tipburn
occurred in the experiment groups, while the tipburn occurrence of the control group was 20.9%. It infers that the dual channel
aeration ventilation can be expected to effectively alleviate tipburn. In conclusion, compared with the conventional ventilation
mode, dual channel aeration ventilation can effectively enhance the plant canopy environment, plant yield, and quality, as well
as heat exchange between plants and their surroundings. And the assembled structure can improve transportation and
installation efficiency. Furthermore, the integrated structure of ventilation ducts and cultivation tanks also reduced equipment
complexity. This mode can provide technical support to precise microenvironment control in plant factories.

Keywords: plant factory; heat exchange; cultivation system; lettuce; ventilation mode
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