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ABSTRACf 

A laboratory experiment was carried out on cylindrical columns 
equipped with temperature devices to investigate temperature profiles 
for separated soil particle fractions during incoming and outgoing heat 
flow processes. Three soil particle size fractions were separated from 
Kassasin loamy sand and Nubaria calcareous sandy loam soils. 
Temperatures were measured along the vertical dimension at the center 
of the soil column using copper-constant thermocouple wires and digital 
thermometer. Thermal conductivities, diffusivities, heat capacities were 
calculated for both investigated soils. Also, values obtained for 
determined soil particle size fractions heat capacities were compared 
with calculated ones by 3 different methods. Moreover, total and partial 
heat gain or loss for soil particle fractions were calculated. The effect of 
the soil particle size fractions; i.e., their porosities on the flow of heat 
was examined. 

It was found that the determined temperature fluctuations with 
depth for the loamy sand soil are lower than for the calcareous sandy 
loam soil. It was also found that the flow of heat along the soil depends 
on the apparent soil density and its size fractions, due to the variation in 
the thermal conductivity. 

Total heat gained during 6 hours heating within the upper 20 em 
for Nubaria calcareous sandy loam soil particle fractions having average 
diameters 4.175, 2.675 and 159 mm and total heat loss during 6 hours 
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cooling from the upper 30 centimeters to the atmosphere were higher than 
those obtained for the corresponding fractions obtained for Kassasin 
loamy sand soil. This response occurred taking into consideration that 
the former soil fractions had lower apparent densities and higher CaC03 

contents than the latter ones. 
Fractionated heat loss or gain occurred during the first 1.5 hours 

generally exhibited the highest values and decreased with the increase 
in time. It was also noticed for both soils particle fractions that partial or 
total heat gain or loss generally increased as particle diameter 
decreased. 
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1. INTRODUCTION 

It is well known that thermal energy which reaches the soil 
surface is subjected to reflection, absorption and conduction. 
Conduction accounts almost exclusively for heat transmission in the 
soil. Generally it decreases as heat energy penetrates the soil. The 
speed with which heat is transferred in the soil, upward (cooling) and 
downward (heating), depends upon the existing temperature gradients 
and heat conductivity of the soil. 

The thermal conductivity of a porous material depends greatly on 
its volumetric density. It increases as volumetric soil density increases. 
Eigenson, (1952); Van Wijk (1963); De Vries, (1963) and Campbell, 
(1985). Semmel eta/. (1990) stated that heat conduction and thermal 
diffusivity should increase rapidly as soon as the dry soil particles are 
surrounded by water films enlarging their contact area. The formation of 
water films depends on soil water content and matric potential. The 
presence of water in the soil pores will lead to the application of 
Fourier's law which deals with multidisciplinary systems. Ghuman and 
La! (1985) and Jury eta/. (1991) found that clay soils had lower thermal 
conductivity values than sandy soils at all levels of water contents. 
Moreover, conductivity increased with increasing soil water content. 
This is explained by the fact that thermal conductivity of the air filling 
pores is much less than that of the solid constituents. Hadas ( 1977 a 
and b ) stated that the thermal conductivity of a soil depends on 




































