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The Influence of Gas Pressure on the Effective Thermal

Conductivity of Nano-Porous Material
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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.
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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

<_ 2 ?ViR,.GW=6 0.01 kPa l,Æ
jF.H(3:,<)Dr [GWq*,Al+
(3:,<)[3.1<,#/3(q2ks9.
24◦Cl,+(.!mU%H(3:,<)-3 0.012
W/(m·K)GrF.q 7 150◦C l,+((3:
,<)3.1<, – /3:,(r<ks3 0.013
W/(m·K)9rGW 6 0.1 kPal,3:,<)rs
GW(q Etutl,.GW 6 100 kPaVmt
Hu)nooqp9N_'g19, [GW98J
K&'*�+((3:,<)B24◦Cl,NWX-1000
+(. 1 MPa GWH(3:,<)"!mU%.H
( 3.48 sG150◦C l,NWX-1000 +(. 1 MPa G
WH(3:,<)"!mU%.H( 3.54 s9&'
*�+((3:,<)r G(qrq*"<6&
'�)0 1,<)rGW(qrq*vs(9<
6 NWX-1000 +(wl0&T(6)r,.17(
N_GWH,150◦C H(3:,<)0 24◦C H(3
:,<)q D'� 10.3%9

3.2 \uhg^_`abcdefghijvw
&'�)0 2(,<)\x\<O]N_Æ

st6,EP�VH5R,?ttR8ks9 1
<,=&'*�+(3:,<)(ksF=?V1
Z3B

λg,0 = λe − λe,0 (8)

10,λe 3*�+(.&TF.#GWH(3:,
<),λe,0 3*�+(.17F./!mU%.H
(0.01 Pa VH) (3:,<)9

Q/nu4\?Vttt6 1<,= NWX-
1000 &'*�+((ks,\ttt6( 1<,
(ks44<%&#&'�)0( 1,<)aS
=0,'g`_ 3 `Z9_ 30&'*�+( 1<
,)TK1 (7) IfE6,E8ksTK1 (8) tt
O]'gt69 1,<)rGW(q*.4<%
&0#*�+(03u; “S” '(q*HJ9.4
<%&0,rGW=6 0.1 Pa l, 1<,?Vu
vGrGW 6 0.1 Pa l, 1,<)rGW(q
 EtutF,.GW 6 1 kPamVvDq9.&
'*�+(0,.GW=6 1 kPal,<6&'�)
'((JK, 1,<)w?uvDIG.GW 6
1 kPal, 1,<)rGW(q Etl,.GW
 l 1 MPa lw.tlw-64<%&([9x1
(2) #1 (3) ?ViR,4<%&#*�Q/0( 
1,<)(`S73 251:34<C,.4<
%&0 251:34<C4F.yx0,4GW
yz0,̀ _ 4 `Z9.*�Q/0, 251(,
WV>7+(01(m-,8A:34<Cv4+
(('((^9.=Vy_TH,4<%&0( 
251:34<CrsGW(tly-w=9.&
'�)0, 251:34<C.GW=6 100 kPa
lVvDrGWq*,rsGW(`iq , 2
51V(xqtl, 251:34<Czow=
wzos+4<%&0 251(:34<C94
<%&#&'�)0( 251:34<Czow
=<{4<%&#&'�)0( 1,<) (_ 3)
(`Szow=,. 1000 kPa lÆp(`S1=6
100 kPa lzFFw=,{_ 3/_ 4 0 251:
34<C# 1,<)rGW(q*xy,.GW
 l 10 MPa l,&'�)0( 251:34<
C# 1,<)\44<%&H( 2&{9

O]ttt6( 1,<)(ksrGW(q
*4&'�)0( 1,<)rGW(q*xy&
{9.GW0� l, 1<,(ks{ 6&'
�)0 1,<)([,E=GW| `S|F,.

wupeng
新建图章

Administrator
线条

Administrator
线条

Administrator
线条

Administrator
线条



JETP.IET.CN

4 � H�C�: !�
����	���������� 759

1 MPa l73 64<%&0 1,<)([,Z
Q(O]0>|.z{(;} [7−9]9 1<,=&
'*�+(3:,<)(ks 6&'�)0( 
1,<)(XYLN[4&'+(($*'((^,
[6a&bIG9

a 3 ������	~�����y|���&
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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