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Abstract

As a modular and mobile smart agricultural facility, the containerized plant factory has important
application value in solving vegetable supply problems in special environments. However, existing
solutions suffer from low space utilization, high energy consumption, and insufficient environmen-
tal control accuracy. In this study, a 40-ft standard container was used as the carrier, and systematic
optimization was conducted on the insulation structure, circulating air duct system, three-dimen-
sional planting rack, and integrated control system to address the above issues. Through CFD air
duct simulation, finite element structural analysis, and experimental verification, the results
showed that the optimized system achieved a temperature control accuracy of +1°C, a humidity
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control accuracy of £10% RH, and a COz concentration control accuracy of +100 ppm. An experiment
using Anoectochilus roxburghii ‘Hongxia’ as the test plant confirmed the overall performance of the
system. This study provides a complete optimized integration solution for the engineering applica-
tion of mobile plant factories.
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Figure 1. Schematic diagram of the internal air ducts and airflow circulation in a container-type plant factory
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Figure 2. Simulation analysis of the air duct
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Table 1. Performance indicators of control system
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Figure 3. HMI of the container plant factory control system
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Table 2. Results of environmental parameter control accuracy test
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Table 3. Test results of system core performance indicators
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Table 4. Growth indicators of Anoectochilus roxburghii

4. EEEEKIER

LR FEHR i (cm) *F35 22 (mm) Bk e B (/B
LK 1 26.1 3.43 8.81
bk 2 25.3 3.22 8.19
LK 3 26.3 3.26 7.87
PEIE 25.9 3.30 8.29
FrifEZ 0.53 0.11 0.48

A RE(CY) 2.05% 3.33% 5.79%

=R SR KA R, AR T ORI IE RO GG, R UTA RGEIT R (5245
B ROKNERE 2R GE R A BOCHr S LE I A SRS A, JFsEBlm™ s R i B s

5. &g

ISR RARBA A T AR S A RAC. BEFes . M HRE A 2 & RGUE U 7255 )

DOI: 10.12677/hjas.2026.1610189 1596 AR


https://doi.org/10.12677/hjas.2026.1610189

AT A

B, UL 40 TERBRESEAEAR AR, SHRIBSEH . JEFXE RGE. SLRFIESE K SR E 150 RGEHET T R4
AT, e T ERIGIE. RGBT

(1) KH 100 mm R FRHEBCLB SR, SRR <0.025 W/(mK); JEHFRUEZ CFD #56
iE, SRBSIHEW R BT ER s 5 B AR R ZE TG 300 MR, SA IRICH T 7 AT AR

(2) FT STM32 il o%, HEMIRIEE. LI, COy. KIEZSHEMIEM, LB TIRE £1°C. %
JE £10% RH. CO ¥ + 100 ppm~ IR 0%~100% 70 U8 - 42 kS

(3) UAEBEE ‘LU AR RN SEIe R, P8k 25.9 cmy 200 3.3 mm. b EEFEE 8.29 o/fk,
ARIEb AR E, WIUE T RAMSERRA A RES) .

(4) ZMAL T A BARTT TSR TR WA R S R e, A T
TAR RS EE T 255 . KRR iE—D 51N AL BIERAOGEC 7 5 REFE T FE, RZR 57T P A RRRAR & 4%
s, BRI AR AR R RHIEE bR R -

EE&HE

WEEEITRIIH “ETF2REENTHEMIRE RGN ELER RN EFTEAR LR
(202550010
BE 3k

[1]1 #®3EH, #ELE. AP AR A L IRBI R 2 ——LA 21 NMEZOHII]. 54k, 2017(3): 51-57, 84.

[2] Yu, Z.,Bu, K, Liu, Y., Wang, A., Yuan, W., Xue, J., ef al. (2024) Energy Examination and Optimization Workflow for
Container Farms: A Case Study in Shanghai, China. Applied Energy, 374, Article ID: 124038.
https://doi.org/10.1016/j.apenergy.2024.124038

1 W BT ARG FIVE AR AR O T R AU [D]: [ 2 A8 5], AU B TR, 2024,
4] ER, SRk, TR, %5 BCRSEIEEY T)ORRS AN & T, 2022, 12(6): 71-74.

1 AYERE, RER, SAEAE, S SREIEY T) RIS MAD] R TR, 2020, 10(9): 52-57.

6] ZFRE, =, MaE, & RN T HHSRR0]. £l THE, 2016, 6(6): 78-83+87.

[7] BE, XK, RER. EEAEY T SRALSUHEZRATFI]. H14, 2022, 41(3): 20-24, 35.

[8] RFEK, BRA, REM, 5. MWL) WA IEH AN IR 5 R[], T ERIG R, 2026, 47(4):

222-230.
(91 A%k, WL, Wy, A5, WRTR PR BE RSO S Gx esE  BA h R K E [). o B 2, 2018, 20(7):
837-841, 865.

4 Q\

DOI: 10.12677/hjas.2026.1610189 1597 bR


https://doi.org/10.12677/hjas.2026.1610189
https://doi.org/10.1016/j.apenergy.2024.124038

	集装箱式植物工厂系统优化设计与集成验证
	摘  要
	关键词
	Optimal Design and Integration Verification of a Containerized Plant Factory System
	Abstract
	Keywords
	1. 引言
	2. 系统总体设计与关键子系统优化
	2.1. 集装箱式植物工厂结构基本参数及系统组成分析
	2.2. 围护保温结构设计
	2.3. 循环风道结构设计
	2.3.1. 风道结构设计
	2.3.2. 风道流体力学仿真分析

	2.4. 立体种植架优化设计

	3. 综合控制系统设计与实现
	3.1. 硬件架构
	3.2. 多参数控制策略
	3.3. 人机交互界面设计

	4. 系统集成验证与性能分析
	4.1. 环境参数控制精度验证
	4.2. 环境控制性能测试
	4.3. 金线莲生长情况测试分析

	5. 结论
	基金项目
	参考文献

