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Analysis of air circulation characteristics in a space-approximate
cultivation chamber according to CFD-based intake-exhaust

arrangement

Hyeon-O Choe*

*Academic Research Professor, Low-Carbon Agriculture-Based Smart Distribution Research Center,
Sunchon National University, Suncheon, Korea

[Abstract]

This study comparatively analyzes air-circulation characteristics according to inlet-outlet
configurationsin a closed cultivation chamber resembling a space-analog environment using CFD. A
chamber geometry incorporating a cultivation space and equipment modules was constructed, and three
ventilation scenarios were defined. For each scenario, airflow paths and potential stagnation regions were
evaluated using velocity fields and streamlines, and quantitative comparisons were performed using
domain-averaged velocity, a velocity uniformity metric, and the inlet-outlet pressure difference (Ap). The
results indicate that Scenario C exhibits the smallest deviation among velocity components and clearer
multi-directional circulation loops, resulting in superior overall air-mixing characteristics. In contrast,

Scenarios A and B show relatively larger airflow reachability non-uniformity in certain regions.

» Key words: Computational Fluid Dynamics, Space-Approximate Cultivation Chamber, Air Circulation,
Intake-Exhaust Configuration, Smart Agriculture
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I. Introduction
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II. Preliminaries

1. Related works
1.1 Current domestic research on space-based
chamber environmental conditioning
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1.2 A study on the application of CFD to air
conditioning in closed cultivation chambers and
vertical farms.
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1.3 Previous studies on the effect of
intake-exhaust arrangement on air circulation
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III. The Proposed Scheme

1. System configuration and air circulation scenario
1.1 Chamber System Overview
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Fig. 1. Space Approximate Cultivation Chamber
System Configuration and Main Component Layout
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1.2 Defining the air conditioning components
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1.3 Defining a Cooperation Scenario
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Fig. 2. Conceptual diagram of each scenario for intake—exhaust layout CFD analysis
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IV. Results and Analysis

1. Analysis of air circulation characteristics by
scenario
B Aol|a] 3388t CFD siAe u]QisA) whalAl 7]ul

siMozRH w59 9
olgstol Brlatsict. Ux, Uy, Uz
ojujs], pt Ae] ROl HY(static
pressure) 21g L%E}LHE}. w2 guts k-

A
L

d o
£ HEe

Kl, wE Hhhﬁ JUlEJD}. ZF W0 ook ARk wF
B At aPgolAe] AR QAF A S LR,
B Ao Tt 2 E4S B8 2 Al8YolM Aut

of 214 oMYT BN 2 ofRg WIS

1.1 Scenario A: Side top intake - bottom exhaust
structure

(b)Particle trace

(a)Cutting plane

Residual

T T T T
o 200 400 600 800 les3

* Ux —=U ®Uz -+xp -+k - omega Deselect All

Fig. 3. Scenario A: Side top intake — bottom exhaust
structure analysis
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1.2 Scenario B: Side upper intake - bottom dual

exhaust structure
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Fig. 4. Scenario B: Analysis of the side upper
intake—lower dual exhaust structure
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1.3 Scenario C: Bottom
exhaust structure
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Fig. 5. Scenario C: Bottom Intake — Four—Sided
Exhaust Structure Analysis

Table 1. Qualitative comparison of air circulation characteristics by air conditioning scenario

Category Scenario A Scenario B Scenario C
Air intake-exhaust Single intake - Single Single intake - Distributed Single intake - Multiple
configuration exhaust exhausts exhausts

Dominant flow direction

Vertically dominated

Horizontal diffusion with
lower-region concentration

Multi-directional diffusion

Vertical air exchange

Relatively clear

Lower region dominant,

Excellent throughout the

(upper-lower) upper region limited chamber
Air mixing characteristics Moderate Moderate to good Excellent
. . M te (I i L | i tial
Potential stagnation zones oderate (lower region and ow (lower region, partia Low
corners) upper areas)
Flow uniformity Moderate Moderate to good Excellent
Short-circuit flow risk Low Low Very low

Pressure distribution
characteristics

Localized pressure
gradients

Pressure relaxation via
distributed exhausts

Strong pressure diffusion
effect

Ventilation system
complexity

Low

Moderate

High

Overall design evaluation

Simple and straightforward
configuration

Favorable for lower
cultivation zones

Most suitable for achieving
environmental uniformity
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Table 2. Quantitative comparison of air circulation characteristics by air conditioning scenario

Category Scenario A Scenario B Scenario C
Ux (m/s) 0.39 0.47 0.44
Uy (m/s) 0.50 0.42 0.46
Uz (m/s) 0.55 0.31 0.41
U (m/s) 0.70 0.67 0.72
Mean intake velocity (m/s) 0.65 0.62 0.61
Mean exhaust velocity (m/s) 0.73 0.69 0.75
Mean intake pressure, Pin (Pa) 0.31 0.28 0.34
Mean exhaust pressure, Pout (Pa) 0.00 0.00 0.00
Pressure difference Ap (Pa) 0.31 0.28 0.34

Velocity component variance Medium High Low

Final velocity residual < 1x10°® < 1x10°° < 1x10°®
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IV. Conclusions

2 AR OF At A WS o §71-

u7] ujR] 2o e 37] £% S4< CFD 7gto2
vl 2eloith. SUR 0 AN Al THR] 35
ALPleE WReln. SOl B2 4% 4, U0 B
el 4 OE 85 15S FYHoE Fygloe
W BZ HiRlo) M 85 =4 Aolz HYYYHoR
WsioIth 1 ZAak AURle Al ARaHE 87] @dto]
Hakst 122 Jlo1) dY oA 7] =2A WA}
7} wElglon), AuRle B SlR &) 9o F41) &
5 il 823t 54 UrEHiE} s, Aluge

S5 8 $R7} 71 BYSHL TR <8 757t 94
wlof, 92 A} TN A Bt Mute] 5 W
A e 54 g5 FHOA 7P AR B2 5482
woir}

2 = S dAlE 4-2A A slikoy AS
A oldl TN, 52 HiR] LARRE BISAA 57
o B4 AR ez vw-RAsgtE gl . 535
=ojel B 85 AR YA AL 85 1E B4
= Adgdo=n 3& AA x7] WAA AA tieke A
B 5 Qe AR TS XIS F5 AT
+ & Ao =& 32X AU 542 g es
gAY, &% 4 oilelHAa =5 xst 2] siA
S S%sln, 543 AF AT B3 A5 A5 5o
CFD Axto] Bf7dS & oigdoltt. Yot 371 55
=43} A2 AYS UHSS AR 7 87 Alof o
AT YR o=, 5 A AfjEl A|ARIQ] A U
98 F|Aajo] 7|oja 4 g oz J|hct

ACKNOWLEDGEMENT

This paper was supported by Sunchon

National University Glocal University Project

Fund in 2025

REFERENCES

[1] Carillo, Petronia, Biagio Morrone, Giovanna Marta Fusco, Stefania
De Pascale, and Youssef Rouphael, "Challenges for a Sustainable
Food Production System on Board of the International Space
Station: A Technical Review", Agronomy, 10, no. 5: 687, 2020.

[2] Monsi Roman, Angela Herblet, James Broyan, Grace L. Douglas,
Dawn Turner, “NASA Centennial Challenges Deep Space Food
Challenge Competition to Incentivize Innovation in Food Systems
for Long-Duration Space Exploration Missions”, 50th International
Conference on Environmental Systems, 12(15), 2021.

[3] Ragany, A., Haggag, M., El-Dakhakhni, W., & Zhao, B., “Closed-loop
agriculture systems meta-research using text mining”, Frontiers in
Sustainable Food Systems, 7, 2023.

[4] Zhang L, Huang T, Zhang Q, Wei S, Escalona Contreras VH,
et al., “Plant factory technology as a powerful tool for improving

vegetable quality: lettuce as an application example”,Vegetable

Research, 4, ¢017, 2024.

[5] Aouinet, H., Dhahri, M., Yiiksel, A.et al., “Numerical Investigation



Analysis of air circulation characteristics in a space-approximate
cultivation chamber according to CFD-based intake-exhaust arrangement 199

of Airflow Dynamics and Thermal Comfort in Space Station
Habitats Under Microgravity Conditions”, Aerotec, Missili Spaz,
2025.

[6] Ben Othman, F., Delattaignant, S., Alexandre, A. L., Roque, M.,
and Roque, C., “Development and evaluation of a climatic chamber
with the potential to enhance plant resilience and optimize
agricultural productivity”. Thermal Science and Engineering
Progress, 62, 2025.

[7] Nie, H., Zhou, W., Zheng, Z., Deng, Y., Zhang, W., Zhang, M.,
Jiang, Z., Zheng, H., Yuan, L., Yang, J., Wang, H., “Exploring
plant responses to altered gravity for advancing space agriculture”,
Plant Communications, 6, 6, 2025.06.

[8] Maffei, M.E., Balestrini, R., Costantino, P.et al., “The physiology
of plants in the context of space exploration®, Commun Biol,7,
1311, 2024.

[9] Ryu Kyung Jin, Jachwan Son, H and Kyu-Dong Nah. "A study
on the design of air conditioning system in the mushroom
cultivation greenhouse" Journal of Korea Academia-Industrial
cooperation Society vol 18, no.2, 2017.

[10] Jeong-Min Lee, Inchan Choi, Donghyeok Im, Tachyun Kim,

Jeong-Hyun Baek, Jeongho Lee, Lee, Seungchul and

Jeong-Wook Heo. "Development of Container-Type Vertical

Farm for Year-Round Production of Long Stem Plants and Study

on Flow Distribution" The Journal of the Korea Contents

Association 24, no.12, 2024.

Hae Seong Hwang, Sung Ho Lee and HAN SEUNG HO.

"Estimation of Ventilation Efficiency to Improve Growing

[1

[

Conditions in Container Smart Farms" Transactions of the
KSME, A 44, no.11, 873-879, 2020

[12] Lee Jeong Min. “Airflow Analysis and Temperature-Humidity

—_—

Maintenance Technology to Mitigate Strawberry Tipburn in
Vertical Farms®, Seoul National University Graduate School
Master's thesis, 2025

[13] Hwang Ji-hyun. "A Study on the Characteristics of Ventilation
Systems for Improving Energy Efficiency." Doctoral Dissertation,

University of Ulsan Graduate School, 2014. Ulsan.

[14] Kang Tae-uk. "An Experimental Analysis of Ventilation
Effectiveness using Tracer Gas" Journal of Advanced Marine
Engineering and Technology 30, no.2, 260-266, 2006

[15] Lee Dong-hwan, “A Study on the Prevention of Condensation
in Metal Products Inside Containers,” Master’s thesis, Korea
Maritime and Ocean University, 2023.

Authors
Hyeon-O Choe received the B.S., M.S., and
ﬁ Ph.D. degrees Ininformation and

~ communication engineering from Sunchon

] National University, Republic of Korea, in
‘I . 2017, 2019 and 2025, respectively.

Dr. Choe joined currently a Research Professor at the
Low-Carbon Agriculture-Based Smart Distribution Research
Center. His research interests include smart agriculture
systems, digital twin—based environmental modeling, Al-based
prognostics and health management (PHM) for agricultural
equipment, sensor data analytics, and energy-efficient control

algorithms for smart farms and vertical farming systems.



