L)

Check for

updates
St=HUISS|X| X 43 3 X 3= pp. 283-290 March 2026 / 283
J. Korean Soc. Precis. Eng., Vol. 43, No. 3, pp. 283-290 http://doi.org/10.7736/JKSPE.025.099

ISSN 1225-9071 (Print) / 2287-8769 (Online)

HE SEZEIX| 2AIE flet Sy A+

Thermal Analysis Study for the Design of Shelter Environmental Control
System

1,# % H 1 1
S, B, MY, 2lge

Young Seob Kim'# Yeong Chan Kwak', Jin Young Jung', and Yeong Eun Ra'

1 LIGHIA2IE) (LIG Nex1 Co., Ltd.)
# Corresponding Author / E-mail: youngseob.kim@lignex1.com, TEL: +82-31-8038-0172
ORCID: 0009-0006-4761-6584

KEYWORDS: Shelter (£1E{), Thermal simulation (Z5H4d), Air conditioning (BtZAZ=AZEEX|)

Military shelters contain various electronic devices that generate significant heat during operation due to their high power
output. This heat buildup can degrade the performance of the equipment and shorten its operational lifespan. In high-
temperature environments, overheating can lead to serious malfunctions in communication systems or information
management platforms, jeopardizing the efficiency and reliability of military operations. Conversely, in low-temperature or
high-humidity conditions, condensation may form inside the shelter, increasing the risk of physical damage to electronic
components. Such damage can significantly compromise the reliability and durability of the equipment, raising the likelihood
of system failure. This study proposes using various environmental control systems, including heating, ventilation, and air
conditioning (HVAC) units and air ducts, to mitigate the adverse effects of temperature and humidity fluctuations within
military shelters. To achieve this, thermal analysis models were utilized to evaluate and verify the performance of these
systems. The analysis specifically examined the heat output of individual devices to determine if the proposed control
systems could effectively maintain optimal operating temperatures within the shelter. The results of this study aim to provide
a valuable foundation for designing environmental control systems that ensure thermal stability in military shelters.
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Fig. 1 3D model of the military shelter
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Table 1 The dimensions of military shelter

Dimensions

(WX L X H, mm) 3,400 x 6,500 x 3,000

Table 2 Simulation condition

Simulation tool ANSYS ICEPAK
Time variation Steady
Flow regime Laminar
Ambient condition 45°C (No radiation)

(a) Military shelter 3D modeling

Air Duct

Source #6
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(b) Shelter simulation modeling (Simplified)

Fig. 2 Military shelter modeling comparison with simplified simulation
modeling
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(b) Case #2 (Air duct)

Fig. 3 Simulation condition modeling comparison
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Fig. 4 The frame and panel structure
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Table 3 Material properties of shelter

Table 6 The dimensions of air duct

. Specific Thermal Dimensions
Material E(Z/lrsrt?], heat conductivity Remarks (W X L X H, mm) 1,200 % 1,000 430
[J/kgK)]  [W/(mK)]
Insulation
Ureth: 48 1,200 0.023
rethane ? panel Table 7 Equipment heat generation value
Outer/Inner . Heat generation
AL5052 2,680 880 138 skin Equipment [ng]
Source #1 1.12
Table 4 The dimensions of HVAC Source #2 0.6
; ; Source #3 0.65
Dimensions 1,250 x 700 x 360
(WXL XH, mm) Source #4 0.28
Source #5 2.01
. Source #6 0.3
Table 5 Boundary condition of HVAC
- Source #7 1.14
Cooling Outlet Flow rate Flow
capacity temperature [m?/min] velocity Rack #1 0.1
[kW] [°C] [m/s] Rack #2 0.1
14.5 11.95 40 3.1 Cable 0.64
Total 6.94

Fig. 5 3D model of the Air duct
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Temperature [C]
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(a) Isometric view () Isometric view
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75,0000 25.0000
18.7500 18.7500
125000 12.5000
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(b) Side view (b) Side view
Fig. 6 Simulation result of Case #1 temperature Fig. 8 Simulation result of Case #2 temperature
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(a) Isometric view (a) Isometric view
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Fig. 7 Simulation result of Case #1 flow velocity Fig. 9 Simulation result of Case #2 flow velocity
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Table 8 Result of average temperature in shelter

.T emp Avg[*C] Case #1 Case #2
Shelter section
FSU 43.5 33.0
BSU 254 23.8
Total shelter 32.1 27.2
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Fig. 10 Temperature sensor location in shelter
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Fig. 11 Experiment result of shelter temperature
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