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Laboratory investigation on water evaporative cooling effect in
embankment with perforated ventilation pipe
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ZHANG Jin-zhao', SUN Bin-xiang”, LIUQi’", YANG Lijun"°, WANG Shuang-jie
(1. Key Laboratory of Highway Construction and Maintenance Technology for Permafrost Regions of Ministry of Communications, CCCC First Highway
Consultants Co., Ltd, Xi’an 710075, China; 2. Department of Civil Engineering, Shaoxing University, Shaoxing, Zhejiang 312000, China)

Abstract: For the duct-ventilated embankment with a perforated ventilation pipe in permafrost regions, the laboratory experiment on
the moisture evaporative cooling effectiveness was performed. The mechanism of moisture evaporation affecting on the cooling effect
of duct-ventilated embankment was analyzed. It is shown that during the ventilating period water content in the embankment soil is
directly evaporated from the soil surface bared in the small holes of the perforated pipe wall, thus to cool down the embankment soil.
During warm time, convective heat transfer between the ambient air and the pipe wall may raise the embankment soil temperature,
whereas evaporation heat removal from the small holes of the pipe wall can cool down the embankment. During warm time, the water
evaporative cooling capability from the small holes of the pipe wall is stronger due to big unfrozen water content in the unfrozen soil,
thus, as a whole, revealing the cooling effect in the perforated ventilation pipe embankment.

Key words: permafrost embankment; perforated ventilation pipe; evaporation heat removal; cooling effect
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Fig.1 Schematic diagram of experimental system
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Table1 Parameters of various tests

. ERE JHLE PHREKE W ¥

5 Tem o 1% / (kg/nt’) WA
1 PVCE 0 1202 137858 2CE{5'1 HITE
1'54f1.80 °C

2 PVCHE 40 9.70 13116 ?:;g%}fﬁﬁb&

3 PVCE 0 13.01 1406.8 g%?ﬁcﬁﬁﬁy

4 PVCHE 40 1246 13953 g%fﬁafﬁﬂy;

5 PVCH 0 9.98 13829 ?(j;%f%'afﬁﬂy;
PVCE 40 9.89 13783 ?(j;%?i'“fﬁﬂy;
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Fig.2 Effect of various trepanning rates on temperature
and moisture content in soils at 1.99 °C
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Fig.3 Effect of various trepanning rates on temperature
and moisture content in soils at 10.33°C
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Fig.4 Effect of various trepanning rates on temperature
and moisture content in soils at 19.24°C
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