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Military shelters house various high-power electronic systems that generate significant heat during operation, making
effective thermal management essential for ensuring system reliability and operational stability. This study proposes a
one-dimensional (1D) modeling approach for analyzing the thermal behavior of a military shelter—HVAC system using
Simcenter AMESIM. The model incorporates key thermal components, such as internal heat sources, shelter
structures, and HVAC performance characteristics, to accurately represent dynamic thermal behavior under realistic
operating conditions. To validate the proposed 1D model, a comparative analysis was performed using three-
dimensional computational fluid dynamics (CFD) simulations with ANSYS Fluent, maintaining identical boundary and
operating conditions. The analysis focused on the temporal and spatial variations of the internal air temperature within
the shelter. Results showed a strong correlation between the AMESIM model and the CFD simulations. This approach
significantly reduces computational costs and modeling complexity compared to traditional CFD-based analyses, while
still providing adequate accuracy for system-level thermal performance evaluation. Consequently, the developed
AMESIM-based 1D model serves as an efficient and reliable tool for the design and performance assessment of
military shelter HVAC systems.
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NOMENCLATURE
1. M2

HVAC = Heating, Ventilation, and Air Conditioning
C, = Specific Heat A 2§ et FAL WAL BRAR 5 ClRE AR
4 = HeatTransfer Area 7} WHE AsRoR, &8 A Al wrelo] Wit ol gt
h = Convective Heat Transfer Coefficient W srelnt ok 81 mdo] AdE Ao Ad L I
k = Thermal Conductivity o A ol mael A " ol A

2 p =0 ol A
L = Wall Thickness or Conduction Length 2 AT B @ wtd Al Foll =, ol A A
m = Mass Aok W =Y BAS i aiebd 2§ 489 g el
0 = Heat Transfer Rate &S fEliAe Y3 = (Heating, Ventilation, and Air
t = Time Conditioning, HVAC) A|AES 7|Hto 2 31 Adst gt 7]
T = Temperature &o] IyFoz gErT),
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Fig. 1 3D model of the military shelter
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Fig. 2 Schematic view of military shelter 1D model
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Fig. 3 The frame and panel structure

Table 2 Material properties of shelter

Density  Specific heat Thermal
Material [k g/m3)]/ FJ (ke K)] conductivity Remarks
5 [W/(m K)]
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AL5052 2,680 880 138 Outer/Inner skin

1

Fig. 4 AMESIM panel structure model
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(a) Condenser 3D modeling

(b) AMESIM condenser model

Fig. 9 Condenser comparison with 3D and AMESIM modeling

model
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Fig. 11 Evaporator comparison with 3D and AMESIM modeling
model
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(a) Military shelter 3D modeling

Rack (Heat source)

(b) Shelter Simulation Modeling (Simplified)

Fig. 12 Military shelter modeling comparison with simplified
simulation modeling
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