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Simulation and verification of LED lamp model based on CFD

ZHANG Chen'?, FANG Hui'?" , CHENG Ruifeng'?, YANG Qichang'*?, WU Chenrong'?, YANG Li'*?
(1. Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agriculture Sciences, Beijing 100081, China;
2. Key Laboratory of Energy Conservation and Waste Management of Agriculture Structures,

Ministry of Agriculture and Rural Affairs, Beijing 100081, China)

Abstract In order to identify boundary condition of LED light in CFD environment simulation of plant factory, a single-
layer production system was constructed. According to the prototype, a 3D model of the cultivation frame with the
same size was built in CFD software. The 3D model was simulated and analyzed, and the simulated value was
compared with the measured value of the prototype, which verified the feasibility of setting LED lamp boundary
conditions. In the model, the LED lamp was divided into reactor and lampshade. The reactor was set as the boundary
condition of heat source. Based on the numbers of red and blue bulbs and the corresponding electro-optical conversion
efficiency, the heat dissipation per unit volume was calculated. The lamp shade is a plastic shell on the surface of the
LED lamp, which was set as a heat conduction material. The measured values of airflow speed and temperature on the
cultivation system were compared with the simulated values. The feasibility of setting LED lamp reactor as heat source
and lamp shade as heat conduction material in CFD model was verified. The results showed that: 1) The heat
dissipation per unit volume of LED lamp in the three-dimensional model of cultivation system was 34 166 W/m?; 2) The
root-mean-square error of the measured and simulated wind speed values at 30 measurement points is 0. 06 and the
root-mean-square error of the measured and simulated temperature value at 46 measurement points is 2. 63. In
conclusion, it is feasible to set LED supplementary light reactor as heat source and lamp shade as heat conduction
material in CFD simulation of plant factory.
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The length, width and height of the plant growth frame were
1.4 m, 0. 7 m and 0. 4 m respectively; The wall thickness of the
plant growth frame is 0. 002 m; There are four circular air intakes
with a diameter of 0. 1 m, and the distance between adjacent air
intakes centers is 0. 4 m; There are altogether 6 square air intakes,
whose width and height are all 0. 1 m, and the spacing between the
two adjacent air intakes is 0. 2 m; The plant supplementary lamp
tube is 1. 2 m long and consists of 220 red beads and 20 blue beads.

The same below.
B1 AR EEYREREEEHNTER
Fig. 1 Schematic diagram of monolayer plant

cultivation apparatus for experiment
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Fig. 2 The layout of LED light surface temperature measuring points (a), yoz (b) and

xoy (c) cross-section temperature and wind speed measuring points
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255 Air 1. 225 1 006. 43 2.42X10°* 1.789 4X10°° 3.43X10°°
B3 Glass 2 500 670. 00 0. 74
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(a) Contours of spatial wind speed distribution inside the cultivation frame; (b) Cloud map of xoz plane airflow speed

distribution when y=0. 215 m; (¢) Cloud map of xoy plane airflow speed distribution when *=0. 69 m; (d) Cloud map of yoz

plane airflow speed distribution when x=0. 365 m
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Fig.3 Wind speed distribution clouds in plant cultivation system
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Fig. 4 Comparison between measured and simulated airflow speed in the monolayer plant cultivation device
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Ca) F KF L8 P9 2= [l I8 Ay A A5 40L& 5 (b) = =0. 69 m B , oy IR E 43 = Bl 5 (¢) =0. 265 m B, yoz i i B 431 =
B 5 () x=0.465 m B}, yox -1 il 53 7 2 &

(a) Simulation diagram of spatial temperature distribution inside the cultivation shelf; (b) Cloud map of xoy plane
temperature distribution when =0. 69 m; (c¢) Cloud map of yoz plane temperature distribution when x=0. 265 m; (d) Cloud

map of yoz plane temperature distribution when 2=0. 465 m
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Fig.5 Spatial and planar temperature distribution cloud diagram of monolayer plant cultivation device
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Fig. 6 Comparison between the measured and the simulated temperature in the monolayer plant cultivation device
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