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The Influence of Gas Pressure on the Effective Thermal

Conductivity of Nano-Porous Material

ZHANG Hu LI Zeng-Yao DAN Dan TAO Wen-Quan

(MOE Key Laboratory of Thermo-Fluid Science and Engineering, School of Energy & Power Engineering,

Xi’an Jiaotong University, Xi’an 710049, China)

Abstract Thermal conductivities of gas in free space and in nano-porous materials were theoretical
investigated. The Hot Disk thermal constant analyzer based on the transient plane source method was
adopted to measure the effective thermal conductivity of nano-porous materials within a gas pressure
range from 0.01 Pa to 1 MPa. The influence of temperature and gas pressure on the effective thermal
conductivity of nano-porous materials was investigated experimentally. The contribution of gas heat
conduction to the effective thermal conductivity of nano-porous materials was decomposed from the
experiment result. The effective thermal conductivity of nano-porous materials increases rapidly with
the increases of gas pressure. The decomposed contribution of gas heat conduction is higher than the
gas thermal conductivity in nano-porous materials and the difference increases with the increment
of pressure and even higher than the gas thermal conductivity in free space at 1 MPa. The influ-
ence of temperature on the gas heat conduction becomes apparent at gas pressure higher than 400 kPa.
Key words gas thermal conductivity; nano-porous materials; effective thermal conductivity; con-

tribution of gas heat conduction
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Fig. 1 Schematic diagram of thermal conductivity

measurement
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Fig. 2 Measured effective thermal conductivity vs. pressure

and temperature
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Fig. 3 Comparison of gas thermal conductivity in free space

and in nanopores and its contribution
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Fig. 4 Mean free path of nitrogen molecules in free space and

in nanopores
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