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Models in fluid dynamics 

21

2

u u
u

t x x x
h

µ µ µ µå õ å õ
+ =æ ö æ ö

µ µ µ µç ÷ ç ÷
( )2( )u u

u p
t x x x

r
r h

µ µ µ µå õ
+ + =æ ö

µ µ µ µç ÷

1*1 (simple) Burgers (1948) Navier-Stokes (1822) 

Á Shock formation (                    ) 

Á Dissipation in turbulence  

    (with the RHS viscous term) 

Á Further extension (complexity) 

- Reynolds (turbulent) stress (               ) 

- Shock formation in 3*3 MHD system  
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X: under-compressive shock 

IS: intermediate shock     O: over-compressive shock 

C: compound wave 

( , )  magnetic fieldy zB B
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:  Alfven wave
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Models in magneto-hydrodynamics (MHD) 

3*3 quadratic MHD model (1997; Myong & Roe) 
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2*2 planar model for flatland 

:  Alfven wave

       kicks in!
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Holistic big picture of fluid dynamics; two extremes 

(High Reynolds) fluid dynamics is difficult because: 

At extremely small scales, even turbulent flow is very 

simple. It is smooth and well behaved. At larger scales, 

however, a fluid is subject to very few constraints. It can 

develop arbitrary levels of complexity like the effect of 

turbulence on separation. (P. L. Roe, ñFuture 

developments in CFD,ò ICAAT-GNU, May 2014) 

(Low Reynolds mesoscopic) fluid dynamics is difficult because: 

It involves microscopic collisional interactions among 

fluid particles and their interplay with the 

kinematic motion of particles in the macroscopic 

framework. This challenge is vividly illustrated by 

the high Mach number shock singularity problem 

(HMNP). (R. S. Myong, PoF 2014) 

Rarefied & microscale gases 
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Shift of focus in Burgers and need of kinetic theory 
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What does interplay mean? Between the kinematic motion of particles in 

the macroscopic framework and microscopic collisional interactions 

among fluid particles. 

In order to answer this question, one needs to look at the molecular description 

of gas particles; gas kinetic theory or Boltzmann-based gas dynamics 

Argon Nitrogen Carbon dioxide 

Translational degree of freedom 

x y 

z 

Rotational degree of freedom 

n 

t2 

Monatomic 

Diatomic 

Polyatomic 
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Simplicity in Boltzmann transport equation (BTE) 

Á Assumptions; 1) the mean free path >> the effective range of the 

intermolecular forces; 2) the velocities of the colliding particles are uncorrelated  

    (molecular chaos and break of time reversal) 

Á A first-order partial differential equation with an integral collision term 
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Only two effects! (Simplicity) 



Talk 6/20   Workshop on Phil Roe's 80th Birthday Celebrations  
R. S. Myong, Gyeongsang National University, South Korea  July 4 ð 5, 2018 ð Maxwell Centre, Cambridge, UK 

How complexity out of simplicity? - I 
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How complexity out of simplicity? - II 

This procedure can be generalized for arbitrary molecular expressions of 

general moment (viscous shear stress       and heat flux  Q) 
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Key points: 1) No approximation: exact consequence of the original BTE 

2) Balanced closure for two open terms (Myong, 2014) 

    Different from previous practice misguided by Maxwellian molecule 

assumption 

2nd-order closure 

Do not cut the tiptoe in order to fit the foot into a shoe! ( )  

2nd-order closure 

Procrustean bed 
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 Conservation laws (exact 

consequence of BTE) 
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in conjunction with the (complex) 2nd-order constitutive equations 
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Non-hyperbolic 

Implicit 

Hyperbolic (inviscid) 

Navier 1st law 

Fourier 1st law 

Navier-Fourier laws inclusive 

like onion! 

How complexity out of simplicity? - III 

2nd-order coupling 

2nd-order coupling 
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A model for 2nd-order constitutive law  
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2nd-order 1st-order 1st-order x 2nd-order 
Kinematic motion Collision 

NCCR: Nonlinear Coupled 

Constitutive Relation 
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2nd-order constitutive laws beyond Navier law I 

Grad non-classical  

model (1952) 

Myong non-classical 

model (1999, 2014) 

Navier classical model (1822) 

Velocity gradient 
/pressure 

Singularity 

Viscous stress 
/pressure 
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Visco-elastic 

2nd-order constitutive laws beyond Navier law II 

1-D velocity shear 

Stress constraint due to 

2nd-order coupling! 

No such thing in 1st-order 

Navier law! 

No heat flux 

MD: Molecular 

Dynamics 

NCCR: Nonlinear Coupled  

Constitutive Relation 

NSF: Navier-Stokes-Fourier 

Newtonian 


