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I. Method of moment 
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I. Method of moment 
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 Exact consequence of the original BTE! 



GIAN Lecture 7-4    Rarefied & Microscale Gases and Viscoelastic Fluids: a Unified Framework 
R. S. Myong, Gyeongsang National University, South Korea  Feb. 23 – March 2, 2017 – IIT Kanpur, India 

I. Method of moment 
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Again exact consequence of BTE 

No approximation introduced so far! 
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I. Method of moment 
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Again no approximation! 

This critical fact can not be found on codified textbooks! 

This constitutive equation was not presented in Grad’s 1949 work, since his 13-

moment closure was already in place. In fact, to the best of my knowledge, it 

was never derived explicitly until B. C. Eu (1992).  
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I. Method of moment 

In the derivation of constitutive equation of heat flux, the following relations are 

used 
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I. Method of moment 
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I. Method of moment 
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I. Method of moment 

Finally, the conservation laws and constitutive equations, all of which are an 

exact consequence of the Boltzmann equation 
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I. Method of moment 

Let us tackle the dissipation term first, since we cannot get away from it. 
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Memo (a preparation before tackling 2nd law) 

Arnold Sommerfeld (1868-1951): 

“Thermodynamics is a funny subject. The first time you go through it, you don't 

understand it at all. The second time you go through it, you think you understand it, 

except for one or two small points. The third time you go through it, you know you don't 

understand it, but by that time you are so used to it, it doesn't bother you anymore.” 

What?  

2nd-law?  

Why is it anything to do with here? 

Is it dead animal? 



GIAN Lecture 7-12    Rarefied & Microscale Gases and Viscoelastic Fluids: a Unified Framework 
R. S. Myong, Gyeongsang National University, South Korea  Feb. 23 – March 2, 2017 – IIT Kanpur, India 

Memo (a preparation before tackling 2nd law) 

Recall lecture 3! Calortropy? 



GIAN Lecture 7-13    Rarefied & Microscale Gases and Viscoelastic Fluids: a Unified Framework 
R. S. Myong, Gyeongsang National University, South Korea  Feb. 23 – March 2, 2017 – IIT Kanpur, India 

   2

differentiating the local calortropy density with time and combining it with BTE
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II. 2nd law of thermodynamics 
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II. 2nd law of thermodynamics 



GIAN Lecture 7-15    Rarefied & Microscale Gases and Viscoelastic Fluids: a Unified Framework 
R. S. Myong, Gyeongsang National University, South Korea  Feb. 23 – March 2, 2017 – IIT Kanpur, India 

II. 2nd law of thermodynamics 
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II. 2nd law of thermodynamics 
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II. 2nd law of thermodynamics 
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II. 2nd law of thermodynamics (???) 

Just a little extra push is all it takes! 
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II. 2nd law of thermodynamics 
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III. Cumulant expansion 
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III. Cumulant expansion 
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III. Cumulant expansion 
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IV. Balanced closure (Myong PoF 2014) 
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The lessen: Type of closure may not be important. Rather, balanced 

treatment of two open terms! Remember ‘balanced’ does not mean 

anything in case of only one term. 

 

Though looking trivial at first glance, we will appreciate the beauty and real 

power of the balanced closure, when we tackle the high Mach number 

shock singularity in Lecture 11. 

IV. Balanced closure (Myong PoF 2014) 
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Q & A 


