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Effects of Earth-Tube Characteristics on the Soil-Air Heat
Exchanger Performances
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ABSTRACT

To optimize the design and operation of a soil-air heat exchanger system, the effects of variables characterizing
system design and operation on the performance of the system were analyzed by a theoretical model which included
the three-dimensional transient heat conduction equation. The solution of the theoretical model was acquired by a
computer program that uses Finite Difference Methods and Gauss-Seidel iteration computation, in which the time

discretization scheme was an implicit difference appoximation. The computer program was validated first by
comparison of the results for different grid sizes. Air outlet temperature, energy gain, and heat exchange efficiency
of the system were analyzed based upon the tube diameter, tube length, tube thickness, and tube thermal diffusivity.
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Fig. 1 Flow chart of computer program.
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Table 1 Simulation modes for the dimensions and properties of earth-tube

Factors Basic mode Levels Reference
Diameter (m) 0.3 02, 03, 04
Length (m) 50 25, 50, 75
Thickness (m) 0.01 0.005, 0.01, 0.02 8, 9, 11, 13,
291 x 10-7 14, 15, 16, 17
Thermal
146 x 1077 1.46 x 1077
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097 x 1077
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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 number = 9300
coefficient (Nusselt number)
Tube Thickness (m) 0.005 Polyethylene pipe
conditions Specific heat (kcal/kg T) 0.54 CRC handbook
Density (kg/ m®) 1,500 Nagasima (1982)
. m: moisture content
. Specific heat(MJ/m® - T) 1.3 +4m .
Soil (van Wijk, 1963)
conditions
Moisture content (%) 20
Soil initial temperature (‘C) Neal (1982), Kim (1996)
30 0 15 1
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Fig. 2(a) Temperature and energy gain variat-

ions of the outlet air depending on
the soil moisture content,

Fig. 2(b) Experimental and theoretical tem-
perature distribution of the air.
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Fig. 3(a) Temperature and energy gain variat-
jons of the outlet air depeding on
the tube diameter.
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