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Computational Analysis of the Heat/Moisture Characteristics and Heat Load

of Underground Structures

Kyung-Soon Park®’ , Won-Tug Son
Sahm Shin Engineers, INC. Sahm Shin Energy and Environment Institute

ABSTRACT: This study was conducted to clarify the heat load characteristics and heat and
moisture behavior of underground structures. The authors achieved this by carrying out a
numerical analysis using simple heat diffusion and simultaneous heat and moisture transfer
equations based on measurement data. This paper presents the results of a numerical
analysis on the heat load characteristics and heat and moisture behavior of an underground
basement and its surrounding ground under a condition of internal heat generation. The
authors found it difficult to predict the heat behavior and heat load of the underground
basement by simple heat diffusion alone. Accurate prediction of the thermal environment and

heat load requires careful consideration of the influences of moisture and precipitation
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Nomenclature

c: specific heat of concrete/soil containing the moisture (J/kg
K) Cy: heat capacity of moist air (J/m> K) C'y‘ moisture
capacity of moist air (kg/m® Pa) Fy,: gravity (m/s?) Jp: rate of
precipitation (kg/m? s) Ji: internal moisture generation (kg/m® s)
n: inward normal vector N,: rate of change of the room air
(times/hour) P: water vapor partial pressure (Pa) P, water
vapor partial pressure of outdoor air (Pa) Pj: water vapor
partial pressure of the inner surface of the wall (Pa) Pr: water
vapor partial pressure of indoor air (Pa) Ps. saturated water
vapor partial pressure (Pa) Qnoc: heat flux due to longwave net
sky radiation (W/mz) Osor heat flux due to absorbed solar
radiation (W/m? Q: internal heat generation (W/m®) r: heat of
vaporization water (J/kg) R.: universal gas constant for water
vapor (Pa m3/kg K) S;: area of j th part of the inside wall
(m?) t: time (s) T: temperature (K) Tj: surface temperature of j
th part of the inside wall (K) To: outdoor air temperature (K)

surface (K) V: volume of the room (m3) a. total heat transfer
coefficient (W/m? K) a convective heat transfer coefficient
(W/m* K) a: radiative heat transfer coefficient (W/m? K) ap:
vapor transfer coefficient related to the difference of water
vapor partial pressure (kg/m?> s Pa) af: moisture transfer
coefficient related to temperature (kg/m* s K) a': moisture
transfer coefficient related to water chemical potential (kg/mzs
(I/kg)) 4 : thermal conductivity (W/m K) A7 total moisture
conductivity for temperature gradient (kg/m s K) A 75 moisture
conductivity in the gas phase for the temperature gradient
(kg/m s K) A total moisture conductivity for water chemical
potential gradient (kg/m s (J/kg)) A g moisture conductivity in
the gas phase for the water chemical potential gradient (kg/m s
(J/kg)) i water chemical potential relative to free water (J/kg)
. water chemical potential of the outdoor air (J/kg) u: water
chemical potential at the earth surface (J/kg) p: density of
concrete/soil (kg/m®) pu: density of liquid water (kgim®) ¢
water content (m*/m?)

Ty indoor air temperature (K) T temperature at the earth
.M 2
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Table 1. Calculation condition and physical properties
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1 Schematic diagram of the analyzed

Fig.
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Table 2. Heat and moisture transfer coefficients and

other properties
Heat capacity of air

Cy [Um’K] | 1256.0
C 'y’ [kgm®Pa] | 7.5x10°

Moisture capacity of air

Heat transfer coefficient | Indoor air a | 9.30
[W/m’K] outdoorir @ | 23.26
Moisture transfer coefficient | Indoor air ami 2.85x10°®
[kg/m’® s Pa] Outdoor air @ o | 1.14x107

Solar absorption ratio and emissivity ~ 0.83 [-]/0.9[-]
Subscript i: indoor air o: outdoor air
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Fig. 3 Annual indoor air temperature variation
of measured and calculated value(daily average

values)
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Fig. 4 Variation of indoor air temperature on
a typical day
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