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Effects of Soil and Air Flow Characteristics on the Soil-Air
Heat Exchanger Performances
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ABSTRACT

A theoretical model was developed to ‘evaluate the effects of soil and airflow characteristics on the soil-air heat
exchanger performances. The model, which includes three-dimensional transient energy and mass equilibrium-
equation, was solved by using a computer program that uses Finite Difference Methods and Gauss-Seidel iteration

computation.

Energy gains, heat exchange efficiencies, and outlet air temperature are presented including the effects of soil
moisture content, soil conductivity, soil thermal diffusivity, and soil initial temperature. Also, data related to the
effects of airflow rate and inlet air temperiture on the thermal performance of the system are presented.

The results indicated that energy gains depend on soil conductivity, soil thermal diffusivity, and soil initial
temperature. Heat exchange efficiencies relied on air mass flow rate and soil moisture content.
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Table 1 Simulation data for the soil and air conditions

Factors Basic mode Levels Reference
Air inlet temperature(C) 25, 30, 35 Weather data
Air 0.1,02, 03 Velocity: 1.4~7.1m/s
Air mass flow rate(m®/s)
04, 05 Boxter(1993)
2.807 x 1077,
Soil thermal diffusivity (m?/s) 5.86 x 107 5.86 x 1077, & (1982)
Soil 11.82 x 107
Initial moisture content in soil (%) 10, 20, 30, 40 Salomone (1984)
Initial temperature of soil (C) 15, 20, 25 Weather data
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Fig. 1(a) Temperature and energy gain variat-
ions of the outlet air depending on
the grid size(unit: m) and time(unit:
minute) increment for numerical
analysis.
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Fig. 1(b) Experimental and theoretical tem-
perature distribution of the air.
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Table 2 Experimental conditions for validation of the computer program

Factors Value Reference

Air flow rate(m?/s) 0.024 0.030 kg/s
Operation Air inlet temperature(C) -17
conditions Convection heat transfer

200 Reynolds mumber = 900

coefficient(Nusselt number)

Diameter (m) 0.2

Length (m) 35
Tube - Polyethylene pipe

Thickness (m) 0.005
conditions CRC handbook

Density (kg /m?) 950

Specific heat(kcal/kg C) 0.54

Density (kg /m®) 1,500 Nagasima (1982)

m: moisture content
Soil Specific heat(MJ/m? - C) 1.3 + 4m .
(van Wijk, 1963)

conditions

Moisture content(%) 20

Soil initial temperature (TC) Neal (1982), Kim (1996)
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Fig. 2(a) Temperature and energy gain variat-
ions of the outlet air depending on
the soil moisture content.
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Fig. 2(b) Heat exchange efficiencies depend-
ing on the soil moisture content.
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Fig. 2(c) Temperature and energy gain variat-
jons of the outlet air depending on
the soil moisture content with any
same soil conductivities.
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Fig. 3 Temperature and energy gain variat-
ions of the outlet air depending on soil
thermal diffusivity.
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