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Numerical Analysis of Thermal Multilayer Insulations with carbon nanofiber spacers  
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Abstract  
Multilayer insulation using nanofiber materials has been numerically investigated. High surface to volume ratio of nanofibers results 
an important effect on both the radiation heat transfer and conduction heat transfer. Thus it is considered as an effective spacer of the 
multilayer insulators for investigation. The radiation heat transfer is calculated considering the optically thick assumption on the 
fibers and using the diffusion approximation. Thermal conductivity of alumina fiber and carbon nanofiber are determined using 
experimental results available in the literature. It is presented that the specific extinction coefficient of carbon nanofiber is 
approximately 31 percent higher than the one of alumina fiber at 500 K. The results show that using carbon nanofiber as the spacer 
of multilayer insulation improves the insulation performance. Thus it is suggested to be used as the spacer material. 
Keywords: Multilayer thermal insulation, Nanofibers, High temperature insulation, Low temperature insulation.  
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θ
= α γ+ ϕ
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c
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L
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π
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1
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C
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γ − π

  

 γ �� :�X IGB �: :�X ��4  �� 7�+ �P�� 1��	+ ��� �*�:
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∗∗=
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������� ,� �: �6�34���7� 1�6 .���kS
** �
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,� � W3Q6 ��

�*�:  
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)9(   6
1k 0.017 7 10 (800 T) 0.0228 Ln(T)−= + × − + × 

 V�	A�� �� ,� �: �:	G� O��L �: ��) �@:�� ],�� ����10 (

 H���� 1�	:�� ��,�<� 5�	��� ��*]6[ 

)10(   
6

1k 0.017 7 10 (800 T) 0.0228 Ln(T)−= + × − + ×
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Q� ��*�: 	
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) �@:�� �� ��20 �(ks g− � ���K ����	+ �����,� S��?�      7�+

��) �@:�� =�l 17��� S�� 7� 	A�B ��v�� �� �� �*�:21 V�	A �:  (

f=0/5   .,� ��* ���D
,�  

)21(  s g s gk fk (1 f )k− = + −  

) �@:�� ],�� ��C 	6 �� S��?� ����	+ ���;�22     ,� �: (

��.���  

  

)22(  
x(i:i 1)REt(i:i 1) kt(i:i 1)

∆ +=+
+

  

 ����	+ ���;� ��C 	6 1�	:�� ��,�<� 5�	� gQK �: � ��*

���;� W�� F�Q�) �@:�� ],�� =��> /� 	XY� ���;� ��623 ��,�<� (

��.��*  

)23(  
N

RE RETOTAL t(i:i 1)
1

=  +  

W�� �: �K�� �:�� ���� ��B T	  �: 	A�B ��v�� �� ��* ��*�:

�� :�X 1�?: ��C �: ��C .� 7� /� ����	+) �@:�� 7� � ����24�: ( 

�� ,�.���  

)24(  
T Tw cqtotal RETOTAL

−=  

) �@:�� O��L �: ��C ��8 =��> /� 	XY� ����	+ �����,�25 �: (

�� ,� �� ���L �� =��> /� ��UA �*�:]5[.  

)25(  
q LTOTALkeffective T Tw c

×
=

−
  

 

5 - D6��H 
+����� J4�	� *�-&��2���   
+��&0 *�-

5��32�-  
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� �9��
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