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摘要  通常认为青藏铁路抛石护坡具有热二极管效应，可保护路基下的冻土。而实际情况是，在青藏高原昼夜温
差比较大及高原强风的条件下，抛石护坡内发生的强迫对流将使传统抛石护坡的热二极管效应减弱或消失。应用
数值仿真手段在理论上研究这种发生在抛石护坡内的强迫对流对4种传统护坡温度场的影响，即普通路基(边坡上
只覆盖砂土层，无碎石层)、开放型抛石护坡、封闭护坡(碎石护坡上使用绝热材料)，以及保温护坡路基(碎石护
坡上加保温材料并以砂土覆盖)。研究结果表明：传统抛石护坡在高原强风的情况下，已基本失去通过主动降温来
保护冻土的效果。就此，在研究中提出一种新型抛石护坡路基，即遮阳挡风型抛石护坡。经过数值仿真研究发
现，这种新型路基不仅可很好地冷却地基，也可解决风砂填埋护坡和太阳辐射引起的阴阳坡问题。 
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  Abstract
  In the last researches，it is usually considered that rock revetment and cracked rock embankments have the thermal diode 
effects，which can protect the frozen soil beneath the embankments from thawing in high temperature regions. But this is 
not the case completely，the effect of the larger diurnal-nocturnal air temperature difference，and the strong wind in 
Qinghai—Tibet Plateau will weaken or vanish the thermal diode effects，which are mainly caused by the forced convection 
in slope. To study the heat transfer mechanism and the cooling effects on the permafrost of the ripraped embankment under 
different boundary conditions，four kinds of embankments are studied with numerical simulation as follows：(1) normal 
embankment，consisting of sandy soil without crushed rock layer；(2) open rock revetment；(3) insulation slope being 
covered with insulation material；and (4) enclosed embankment. It is concluded that the traditional rock revetment can not 
take the advantages of the thermal diode effects to the full extension，and it is not satisfactory in maintaining the 
permafrost. This kind of temperature field effect caused by forced convection through numerical method is proposed；and 
a new type rock revetment is put forward，which can also be called sunshade-blocking-wind rock revetment. Through the 
numerical simulation，it is found that the new kind of crushed embankment has a better cooling effect；at the same time，
the sand blocking problem and the temperature difference of the south and north slopes caused by solar radiation are 
properly solved.
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