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Abstract

The problem of high-temperature thermal hazards in deep mineral resource mining has become a
key technical bottleneck restricting safe production and efficient operation of mines. Traditional ven-
tilation cooling technology exposes fundamental limitations in deep high-temperature environ-
ments, such as heat source intensity far exceeding ventilation cooling capacity, exponential increase
in energy consumption, and inability to block heating from high-temperature water inrush. There
is an urgent need to shift from the “passive ventilation dilution” paradigm to an “active heat source
blocking” strategy. This paper systematically elaborates on the heat source types and disaster-caus-
ing mechanisms of high-temperature thermal hazards in deep mines. On this basis, it deeply ana-
lyzes the heat transfer mechanism of heat source blocking-by applying low-thermal-conductivity
insulation materials to reconstruct the thermal boundary layer between surrounding rock and air-
flow, increase the total thermal resistance of the system, and compress the thermal disturbance
zone of the surrounding rock, thereby reducing the heat flow entering the roadway from the source.
It reviews the research progress of new insulation materials represented by aerogel composites
and their application status in mine insulation engineering. Furthermore, it analyzes the theoretical
basis and numerical simulation methods of thermal insulation-ventilation synergistic control, and
discusses technical approaches such as field-network composite simulation. Research indicates that
the insulation-ventilation synergistic control mode based on heat source blocking can achieve effi-
cient regulation of the thermal environment in deep mines from both “source reduction” and “end
control” aspects, representing the development direction of deep mine thermal hazard governance
from a single technology to system integration, and from passive response to active regulation. Fi-
nally, this paper points out the key scientific problems urgently needed to be solved in currentresearch
and provides an outlook on future research directions.
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