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Microfluidic systems: 

Micro-turbines 

Micro-Air-Vehicles (MAVôs) Micro-nozzles 

Microchannel 



Introduction: 

ÅFlow behavior: 

ïOrdinary devices: Continuum Based Models 

ïMEMS/NEMS:  Continuum Based & Molecular Models 

 

Å Criterion: Knudsen number 

    Kn = ɚ / Dh 

 
Continuum Slip Transition Free Molecular 

0 10 -3 10 -1 10 Kn 
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Introduction: 

Classification of Flow Regimes based on Modeling Approach 

Kn 

 

Model 

 

 0 

(continuum, without molecular diffusion) 

 

Euler equations 

 

¢ 10-3 

(continuum, with molecular diffusion) 

 

Navier-Stokes equations with no-slip 

wall boundary conditions 

 
10-3 < Kn ¢ 0.1 

(continuum transition Ý slip) 
 

Navier-Stokes equations with 1st order 

slip boundary conditions at wall 

 
0.1 < Kn ¢ 10 

(transition) 

 

Burnett equations with higher order slip 

boundary conditions at wall; Moment 

equations; 

DSMC; Lattice Boltzmann 

 Kn > 10 

(free molecular) 

 

Collision-less Boltzmann equations; 

DSMC; Lattice Boltzmann 
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ÅOriginally proposed by Bird 

ÅDecoupling the motion 

ïfree molecular movement 

ïbinary intermolecular collision 

VDSMC method converges to Boltzmann equation  
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ÅDSMC Algorithm: 

ïInitialize system with particles 

ïLoop over time steps 

ÁCreate particles at open boundaries 

ÁMove all the particles 

ÁProcess any interactions of particle & boundaries 

ÁSort particles into cells 

ÁSample statistical values 

ÁSelect and execute random collisions 
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ÅDSMC Collision Schemes: 

 

ïNo Time Counter (NTC) 

ïMajorant Frequency Scheme (MFS) 

ïSimplified Bernoulli Trials (SBT) 
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ÅNTC Scheme: 

 

 Nc 
ÅDetermination of number of collision pair 

pair 
(i,j) 

Åchoosing collision pair (i,j) randomly from 
Nl particle in cell l.  

if 
accepted 

Å checking the collision probability 

movment 
Åchange the particle velocities 
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