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Experimental study on water and heat migration of unsaturated loess under
high temperatures
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Abstract: The strength of loess increases greatly with the decrease of water content. The high-temperature drainage method has
broad application prospects for loess reinforcement, so it is significant to study the water and heat transfer of unsaturated soils
under high temperatures. A water and heat transfer device allowing the action of high temperatures is developed to test the
water and temperature fields of loess with specific initial water content under the action of a high-temperature heat source. The
test results show that the high temperature has a significant driving effect on water compared with the normal temperature heat
source. When the hot-end temperature exceeds 100°C, the water of soils close to the hot source is rapidly driven away at the
beginning of the tests, which is caused by the significant increase of gaseous water migration due to the gas-liquid phase change.
The distribution curves of water content gradually evolve from a peak type to a unidirectional increase one of the water content.
Water migration fluxes significantly increase with heating source temperature. A high-temperature water and heat transfer
model is established, and its accuracy is verified through the trial calculation. The comprehensive influence mechanism of high
temperature and water content on water migration is analyzed based on the calculated results. The high-temperature water
migration characteristics are divided into three intervals: 1 (low water content interval), the water migration flux curve with
water content shows a peak curve, and water migrates mainly in gaseous form. II (medium water content interval), as the
water content increases, the migration flux of gaseous water decreases while the migration flux of liquid water increases. III
(high water content interval), the temperature has a rare effect on the water migration. The findings may provide preliminary

revelation on the water and heat migration characteristics of high-temperature unsaturated soils.
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Table 1 Physical parameters of test material

SR, CVTTEED i bR Rk ER%
- py/(g-em?) wel/%  wi/% Ip rd(grem?)  FHRI(<5 um)  BPRI(5~50 pm)  BPHRL(>50 um)
0.936 1.4 19.1 31.6 12.5 2.71 22 66 12
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Table 2 Transport parameters and change rates of vapor and liquid water at different temperatures
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Fig. 8 Calculated and measured water fields after 14 days of

high-temperature heat source
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Fig. 9 Variation of vapor and liquid diffusivity with water content
and temperature (I: low water content stage, II: medium
water content stage, and III: high water content stage)
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