
  

  

DSMC 
Direct Simulation Monte-Carlo method

Orion reentry simulation ( Norman, P., Valentini, P., and Schwartzentruber, 
T.E.,) u. Minnesota 



  

 ● Gas molecules have large mean free path in 
comparison to size.

● Small <10-6 sec time stepping simulation.
● Simulation can divide transport phase and 

energy redistribution phases into two 
independent components.

● Transport phase → move molecules, interact 
with surfaces

● Energy Phase → collide nearest neighbours
● Too many real molecules to simulate in a 

computer : use a statistical approach.



  

● Transport .

 Move molecules   ds = V.dt

Hit surface ?
– a) reflect.  Conservation of momentum.
– b) absorbed-reinjected. Conservation of energy.
– c) a combination of the above.



  

 
● Collisions.

● Hard Sphere
● Variable Hard Sphere
● Variable Soft Sphere 

d=( 15(mkT / π)1 /2

2(5−2ω)(7−2ω)μ )
1/2



  

● Only simulate representative molecules.
– 1 in 1012  for near continuum flow

● Find probability of collisions for dt for 
molecules in a small region.

● Select pairs for collision based on probability
–   (acceptance-rejection technique)

● Post collision velocities based on conservaion 
of energy/momentum.



  

 
● Flow macroscopic properties based on 

statistical sampling of simulated molecules 
over time.

   --->   density   (molecules per unit volume)

------>   Velocity (average speed of molecules)

--->   Temperature...translational,rotational, vibrational

 (energy of random motion, spin and internal molecule state)

 ----->   Pressure ??? (only at surfaces)



  

 
  Www.aeromech.usyd.edu.au/dsmc

http://Www.aeromech.usyd.edu.au/dsmc
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