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Improvement of Energy Efficiency of Plants Factory
by Arranging Air Circulation Fan and Air Flow Control Based on CFD
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ABSTRACT

As information technology fusion is accelerated, the researches to improve the qudlity and productivity of crops inside a plant
factory actively progress. Advanced growth environment management technology that can provide thermal environment and air flow
suited to the growth of crops and considering the characteristics inside a facility is necessary o maximize productivity inside a plant
factory. Currently running plant factories are designed fo rely on experience or personal judgment; hence, design and operation
technology specific to plant factories are not established, inherently producing problems such as uneven crop production due to the
deviation of temperature and air flow and additional increases in energy consumption affer prolonged cultivation. The optimization
process has to be set up in advance for the arangement of air flow devices and operation technology using computational fluid
dynamics (CFD) during the design stage of a facility for plant factories to resolve the problems. In this study, the opfimum arrangement
and air flow of air circulation fans were investigated to save energy while minimizing temperature deviation at each point inside a plant
factory using CFD. The condition for simulation was categorized into a fotal of 12 types according fo installation location, quantity, and
air flow changes in air circulation fans. Also, the variables of boundary conditions for simulation were set in the same level. The analysis
results for each case showed that an average temperature of 296.33K matching with a set temperature and average air flow velocity
of 0.5Tm/s suiting plant growth were well-maintained under Case 4 condition wherein two sets of air circulation fans were installed aof
the upper part of plant cultivation beds. Further, control of air circulation fan set under Case D yielded the most excellent results from
Case D-3 conditions wherein air velocity at the outlet was adjusted to 2.9m/s.
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(Table 1) Simulation condition according to

quantity and arrangement of air flow fan
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(Table 2) Boundary conditions of each device for
the simulation

Circulation fan
Case Quantity Arrangement
Case A 0 -
Case B 4 Top
Case C 4 Bottom
Case D 2 Top
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. Boundary

Device Conditions Value
Temperature 300K

LED mpe .
Area 1.08m’

Air Velocity 5m/s
conditioning Temperature 296K
and heating Area 0.04m’°
Intake 3.6m/s

. Velocity

Air flow Fan Exhaust 47m/s
Temperature 296K

(% 3) CFD siiMe 25t 22| 2 Mo
(Table 3) Definition of Physical model for the

simulation
Model Settings
Space 3D
Time Unsteady, 1st-Order Implicit
Viscous Standard k-epsilon model
Wall .
Treatment Standard Wall Functions
Heat
Transfer Enabled
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Air flow distribution graph
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(Figure 3) Distribution of temperature and air flow
under condition of Case A
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(Figure 5) Distribution of temperature and air flow
under condition of Case C
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270K flow fan
2965K
ok Fan Temperature Velocity
2955K Case Exhaust AVg Ratio AVg Ratio
Lo Air flow distribution graph [ms] [K] [%] K] [%]
! 09ms D1 098 296.91 8153 | 025 14.19
0.8 m/s
o7 D2 16 29685 | 0.8 | 028 | 1937
Z':"ZS D3 2.09 296.79 94.51 0.31 21.00
04 D4 251 296.75 9.5 | 0.4 22.86
0.3m/s
02mss D5 32 296.68 97.12 0.39 2453
ZOZ D6 38 2963 | 9782 | 043 | 2615
(72] 6) Case D =719| 2% U 7|2 2z D7 | 429 | 2958 | 9833 | 046 | 27.05
(Figure 6) Distribution of temperature and air flow D8 473 296,55 9876 | 049 27.60
under condition of Case D
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(Figure 7) Distribution of temperature and air flow (Figure 9) Distribution of temperature and air flow

under condition of Case D-1 under condition of Case D-6
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