
Department of Mechanical Engineering, Energy Technology Group 

Gas-surface scattering model for rarefied gas 
flows using Machine Learning techniques
S. Mohammad Nejad, S. V. Nedea, A. J. H. Frijns

• Introduction
Rarefied gas condition is encountered in numerous modern 
applications:

• Methodology
Herein, the boundary condition describes the relation between the 
velocity distribution of the re-emitted gas molecules 𝑓 𝑽 and the 
incident gas molecular velocity distribution 𝑓 (𝑽 ) via the scattering 
kernel 𝑃(𝑽 → 𝑽) as,

𝑣 𝑓 𝑽 = 𝑣 𝑃(𝑽 → 𝑽)𝑓 (𝑽 )𝑑𝑽

𝑃 𝑽 → 𝑽 = 𝜶 ( ) 𝑣 exp
𝒗

+ (1 − 𝜶 )𝛿(𝒗,- 𝒗 + 2𝑣 𝑵)
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Classical Approach to derive Scattering 
kernels

Scattering kernelsGathering collision data 
(Molecular Dynamics) 𝛼

Computing different 
𝛼
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In such systems, accurate prescription of boundary condition at the 
gas-surface interface is the key factor to guarantee the reliability of 
the simulation results. 

Problem related to the classical scattering 
kernels

iii. The choice of pair potential at gas-solid interface plays a 
crucial role in the derived 𝛼

Pair potential 𝛼𝑲

Ab-initio 0.87

LB mixing rule ..

FH mixing rule 1.2

i. Using a predefined analytical form for all types of gas-solid
combinations

ii. Interplay between normal and tangential velocity components 
of the gas molecule is ignored

New approach towards constructing 
scattering kernels
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Machine 
Learning

MD simulation Scattering kernel

The main aim is to derive a scattering kernel directly from MD data 
without using any intermediate parameter (𝛼 ), and predefined 
analytical form 
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• Results

𝑻𝒘

Predicted outgoing velocities by scattering kernel obtained by  
Machine Learning are in better agreement with atomistic results
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Low pressure devices

Small-scale devices

Accommodation 
coefficient:

<K> = typical energy 
or velocity

𝑉 : outgoing velocity, 𝑉: incoming velocity. CL: Cercignani-Lampis scattering kernel; 
GM: Gaussian mixture model (Obtained based on Machine Learning technique)  

LB:  Lorentz-Berthelot mixing rule
FH: Fender-Halsey combining rule
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