
Calculation of the thermal energy of each part:
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Calculation of Eqn (6):
The conservation equation of thermal energy
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From the thermal energy of each part, we can get
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For a small , the equation can be simplified as
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Calculation of Eqn (10):

Electronic Supplementary Material (ESI) for Nanoscale.
This journal is © The Royal Society of Chemistry 2016



,
,0

fluid outside
v fluid

dQ
AC T dr

dt
 


 

,
, 0 3

1

2 sin
42

fluid outside
v fluid

dQ
AC T t

dt k
       

 

 

 

2

0

sin1
1

sin sin
4

T

fluid
AW

t
Q I Rdt

T
t t




 

 


  
 

&

2

2

3

2

(2 2 2 2 2 )
4(1 2 )

AW AW AW
flui

A
ed

AW W

Q P  
 
 





 

&

Where . Here the  is not small and we 
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