
Accepted Manuscript

An Ideal Nano-porous Insulation Material: Design, Modeling and Numerical validation

Yun-Han Li, Master Zeng-Yao Li, Ph.D. Wen-Quan Tao, Master

PII: S1359-4311(13)00938-1

DOI: 10.1016/j.applthermaleng.2013.12.041

Reference: ATE 5259

To appear in: Applied Thermal Engineering

Received Date: 30 September 2013

Accepted Date: 17 December 2013

Please cite this article as: Y.-H. Li, Z.-Y. Li, W.-Q. Tao, An Ideal Nano-porous Insulation Material:
Design, Modeling and Numerical validation, Applied Thermal Engineering (2014), doi: 10.1016/
j.applthermaleng.2013.12.041.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.applthermaleng.2013.12.041


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Title Page 

Title:  An Ideal Nano-porous Insulation Material: Design, Modeling and Numerical validation 

Running title: An Ideal Nano-porous Insulation Material 

Author:   Yun-Han Li, Master,           liyunhan88@163.com  

 Zeng-Yao Li, Ph.D.,           lizengy@mail.xjtu.edu.cn 

Wen-Quan Tao, Master,        wqtao@mail.xjtu.edu.cn 

Department and Institution:   

Key Laboratory of Thermal Fluid Science and Engineering of MOE, School of Energy and Power 

Engineering, Xi’an Jiaotong University, Xi’an, Shaanxi 710049, China 

Corresponding Author: Zeng-Yao Li  

Corresponding Author’s E-mail: lizengy@mail.xjtu.edu.cn 

Corresponding Author’s Telephone: 0086 29 82665446  

Corresponding Author’s Fax: 0086 29 82665445 

Corresponding Author’s Institution and Department:   

Key Laboratory of Thermal Fluid Science and Engineering of MOE, School of Energy and Power 

Engineering, Xi’an Jiaotong University, Xi’an, Shaanxi 710049, China 

First Author: Yun-Han Li 

Order of Authors:   

Yun-Han Li, Zeng-Yao Li, Wen-Quan Tao  

Abstract:   

Based on the mechanisms of conductive heat transfer in nano-porous insulation materials, such as 

suppressed gaseous heat conduction at micro- and nanoscale, limited conduction through solid 

because of low volume fraction of solid and multi-layered thermal radiation shield resulting from 

porous structure of materials, a hollow spherical pellets packing stack nano-porous material is 

designed. Its effective thermal conductivity is derived based on the concepts of unit cell model and 

one-dimensional steady-state heat conduction, which is validated and improved by numerical 

simulation. Analysis on geometrical parameters, thermodynamic parameters and solid thermal 

conductivity indicates that hollow spherical pellets packing stack nano-porous material has 

excellent thermal insulation performance with effective thermal conductivity less than that of air 

at ambient temperature and atmosphere and can reach the order of about 0.01W·m-1·K-1, if 

properly designed. 
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