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More details of the following statements are given in the paper 

 S.K. Stefanov, On the basic concepts of the direct simulation Monte Carlo 

method, Phys. Fluids, 31 (2019) 067104 

 

the Liouville equation can be rewritten in the form 

 

   
      , , , ,

1 1

, , , ,
, , , , ,

N
N N

i i j i j N i j i j N

i i j Ni

F t F t
d g F t F t

t


   

 
      
  

  c ω
r

 
    , , ,

1

, 1
, ,

N

i j N i j N i j

i j N

F t
g F t F t d

t V


  


  
 

 
 Kac master 

equation 



 A novel non-homogenous and local N-particle equation 

12/01/2021 
Нови скалируеми алгоритми и приложения Център за 

върхови достижения 5 

   
    , , ,

1 1

, , , ,
, , , ,

N
N N

i i j N i j N i j

i i j N

F t F t
g F t F t d

t


   

 
   
  

  
r r

c r r
r

 ( ) ( )0, 0 0,l lt r V M     
( )

1

M l

l
N N


, - bounded 

The new limit 

( ) ( ) ( ) 2

, ,0, 0, , 0,l l l

i j i jt r N N       

is essentially different from 

the Boltzmann-Grad limit  

 ( )

, , , ,/ 1,l

i j i j i j i jg t V d     

The new equation is the governing equation of the DSMC 

Necessary condition 



 

 

The splitting scheme of DSMC 
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 General transition operator 
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 The general operator final form used for generating of 

DSMC collision schemes is given by 
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 A new collision operator 
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 An alternative approximation approach to the general transition operator is 

developed by Yanitskiy and used by Stefanov, Roohi and collaborators to derive a 

group of Bernoulli-trials schemes. 

 Bernoulli-trials (BT) scheme (Yanitskiy, 1975)  
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Simplified Bernoulli-trials (SBT) scheme (Stefanov, 2011)  
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Generalized Bernoulli-trials (GBT) scheme (Roohi, 

Stefanov et. al., 2018)  
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No-time-counter NTC 

applied to a cell  l  
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Operator approach applied to the splitting scheme 

and hybrid transient adaptive operator 

 

   

   

 

 
Hybrid Transient adaptive TAS algorithm  
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 Numerical examples: 

 Homogeneous BKW solution to the unsteady Boltzmann equation 

 Shoja-Sani, A., E. Roohi, and S. Stefanov, Homogeneous relaxation and shock 

wave problems: Assessment of the simplified and generalized Bernoulli trial 

collision schemes. Physics of Fluids, 2021. 33(3). 

https://doi.org/10.1063/5.0039071  
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Pure heat conduction of a rarefied gas confined 

between two walls with different temperatures 



 Heat flux (computed at walls) with constant number of cells between 

walls and various total number of simulators  in domain (a test with 

respect to the Boltzmann-Grad limit with various of simulators per cell) 
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M  

(cells) 

( )lN  

(simulators) 

( )l

mc t  r  QSBT  QNTC  QNN  Samples 

400 200 0.5 1511 1512 1513 500000 

400 30 1.0 1514 1514 1515 1000000 

400 10 1.0 1522 1501 1487 1500000 

400 5 1.0 1536 1439 1430 3000000 
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Heat fluxQ (computed at walls) with various number of cells M between walls and constant total 

number of simulators 12000N   ( a test with respect to the limit 
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400 30.0 1.0 1514 1514 1515 1.3 1.0 1.7 1000000 

1200 10.0 1.0 1513 1504 1462 1.5 1.2 1.8 1000000 

2400 5.0 1.0 1512 1501 1423 1.6 1.4 1.9 1000000 

12000 1.0 1.0 1514 1265 1403 2.0 2.0 2.5 1000000 

24000 0.5 1.0 1514   2.7   1000000 

120000 0.1 1.0 1514   5.6   1000000 
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 Two-dimensional supersonic flow around a cold flat plate at 

incidence angle                  
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Uniform grid, 800x800, 
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Temperature profile          at  Binary collision rate                   at   T y 75x   ,0/c cN N y 75x 



 Conclusions 

 A novel non-homogeneous N-particle kinetic equation has been derived. Its 

local 3D- character in physical space and 3N- dimensions in velocity space 

have required introduction of a randomized model of particle sets in cells of 

the mesh covering the computational domain. It has been found that the new 

equation asymptotically approximated the Boltzmann equation properties 

under specific conditions. 

 The general transition operator describing the evolution of the randomized 

model during the collision process has been used to proof the derivation of all 

known DSMC collision schemes, including the standard NTC, from the 

collision operator of the randomized model. 

 A new hybrid transient adaptive grid algorithm was created and tested on 

several benchmarks problems. The results showed that the hybrid TAS 

algorithm keeps accuracy within wide range of the total number of simulators.  

. 
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