
Preface from the Guest editors 
THERMAL SCIENCE, Year 2014, Vol. 18, No. 5, pp. IX-X IX 

From the Guest editors 

NANOTHERMODYNAMICS  FOR  MATERIALS,  ENERGY, 
AND  ENVIRONMENTAL  SCIENCES 

by 

Rou-Xi CHEN a,b, Ji-Huan HE a,b∗, and Ling LIN c 

a National Engineering Laboratory for Modern Silk, College of Textile and Clothing Engineering, 
Soochow University, Suzhou, China 

b Ningbo Key Laboratory for Advanced Textile Technology and Fashion CAD,  
Zhejiang Fashion Institute of Technology, Jiangbei District, Ningbo, Zhejiang, China 

c Nantong Textile Institute, Soochow University, Nantong, China 

Nanoscale flow and heat transfer are widely observed in modern industry. The 
nanoeffect in nanothermodynamics is generally 5 to 7 orders of magnitude higher 
or lower than its macro partner.  
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Introduction 

We begin with a cubic meters of charcoal, which can be burned in air slowly. Now if 
the charcoal is decomposed into nanoparticles, the combustion efficiency increases tremen-
dously due to the remarkably high surface-to-volume ratio. Nanothermodynamics is to study 
the thermal property of materials and objects with sizes of 1 to 100 nm.  

So what sort of properties change as objects get smaller? A lot of material properties 
begin to change in nanoscales. The combustion efficiency, for example, in nanoscales is 5 to 7 
orders of magnitude higher than that for any observable scales. The phenomenon is always 
called as the size-effect or nanoeffect [1].  

A perfect example of this can be seen looking bubble lifetime. What a bubble life-
time is when it tends to a nanoscale one? Consider a macroscopic bubble with diameter of 
1 cm and a nanobubble with diameter of 10 nm. The bubble lifetime linearly depends upon its 
size, that is [2]:  
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where L1 and L2 are lifetimes for the macroscopic bubbles and nanobubbles, respectively. 
Theoretically predicted bubble lifetime for a bubble with diameter of 1 cm in water is about 
1 s, that means the bubble lifetime for the nanobubble is as short as 610− s.  

Taleyarkhan et al. found that under suitable experimental conditions, temperature in 
a broken nanobubble rose to as high as 1,000,000 K [3]. This temperature is high enough for 
deuterium nuclei to undergo fusion reactions. Though there are many debates on this experi-
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mental phenomenon [4], it is astonishing that nanoeffect can make anything impossible in 
Newton’s mechanics possible when it tends to nanoscales.  

A thinner layer of ZrO2 microfibrous membrane is transparent to pass heat flow, 
however, when the fibers tend to nanoscales, the membrane has excellent heat insulating 
property. The thermal resistance (the inverse of heat conductivity) can be expressed as: 

 0 dα
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where η0 is the thermal resistance of the bulk material, β – the material constant, d – the fiber 
diameter, α > 0 – a scaling exponent, in [1] we recommend α = 1/2 for qualitative analysis:  
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If the heat conductivity of a microfibrous membrane is 0.2 W/mK, then the heat 
conductivity of the nanofibrous membrane becomes 0.02 W/mK. That means if the 
microfibrous membrane can resist temperature of 100 degrees, its nanopartner can resist tem-
perature of 1000 degrees.  

This issue focuses on nanofibers fabrication, energy and environmental flow in 
nanoscales, both experimental and theoretical papers are considered.  
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