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The research problem 

While studying re-entry of space shuttles, aerospace engineers usually model the air in the upper part of 

the atmosphere by the Boltzmann equation from collisional kinetic theory rather than the continuum models 

of fluid mechanics. Boltzmann equation is a nonlinear integro-differential equation, which describes the 

combined effect of the free flow and binary collisions between the gas molecules. In this project, we will be 

concerned with the mathematical analysis of Boltzmann and Boltzmann-like equations in the case of 

domains with boundary as it is of physical relevance. The main difficulty in approximating solutions to the 

Boltzmann equations stems from the multi-dimensional structure of the collisional integral. Numerical 

approximation of the said integral requires special care as there are certain invariants and they are at the 

basis of the macroscopic properties of the Boltzmann equation. Developing realistic numerical simulations 

of equations in kinetic theory is a challenging task. The most popular currently available techniques are the 

Direct Simulation Monte Carlo (DSMC) methods on the statistical side and the Discrete Velocity Models 

(DVM), the fast spectral methods on the deterministic side. On the computational front, this project aims to 

take cues from the modern machine learning literature to construct and analyse reliable and robust 

approximation of the Boltzmann collision integral using certain Neural Network architectures. 

 

Modern mathematical aspects of the partial differential equations requires a good handle on basic facts 

about measure theory and integration, Fourier transform, distribution theory, function spaces such as the 

L^p spaces, the Sobolev spaces. This project has both theoretical and computational aspects to it. The 

mathematically rigorous study of the Boltzmann equation has been a very active area of research lately. 

This project will try to advance the understanding on the regularity of solutions to certain equations in the 

kinetic theory of gases. Furthermore, it will try to make progress in developing reliable approximation 

techniques for the Boltzmann equation. 
 

Project aims 

(1) Exploring the possibility of extending recent results on the conditional regularity for solutions to non-cutoff 

Boltzmann equation in the case of domains with boundary as it is of physical relevance. 

(2) Exploring the possibility of proving propogation of regularity for solutions to the cutoff Boltzmann equation. 

(3) Understanding various geometric quantities associated with the Carleman representation of the Boltzmann collision 

integral. Use this information to build its approximation via neural networks. 

(4) Build novel numerical schemes to approximate solutions to equations arising in the kinetic theory of gases. 

 

How skills/experience of the IITB and the Monash supervisor(s) support the proposed 

project  
Harsha Hutridurga has been working on the mathematical aspects of equations arising in kinetic theory since five years 

and he has publications in this area. Amuthan Ramabathiran has been developing approximations to solutions of PDEs 

using neural network architectures and he has publications in this direction. Ricardo Ruiz Baier has been an expert in 

developing and implementing numerical schemes to approximate solutions to various classes of PDEs and he has a 

vast number of publications in this regard. 

 

What is expected of the student when at IITB and when at Monash? 
While in IITB, the student will follow various graduate level courses which are tailored for students pursuing research in 

PDEs and related topics. Furthermore, the student can benefit by interacting with a good number of faculty (across 

departments) pursuing reasearch in machine learning and related aspects. 

While in Monash, the student can take advantage of various graduate level courses offered there. Furthermore, the 

student can benefit by interacting with faculty members in the mathematics department focusing on nonlinear PDEs 

and on numerical approximation of PDEs. 

In both places, the student will be able to pursue both the theoretical and computational aspects of the project briefly 

mentioned above. 

 

Expected outcomes 
(1) A novel framework for the rigorous mathematical analysis of the Boltzmann equation to prove certain regularity 

results on the solution. 

(2) A new approach involving neural networks to approximate the Boltzmann collision integral 

(3) Robust and efficient numerical schemes will be proposed for equations in kinetic theory and their capabilities tested 

(4) Results shall be validated against benchmark cases available via DSMC and spectral methods 

(5) Computational codes and theoretical preprints will be made available in online repositories 

 



How will the project address the Goals of the above Themes? 

The outcomes of this project will contribute to ameliorate the currently available numerical methods in treating integro-

differential equations in kinetic theory. They will also contribute to a sound mathematical foundation of these novel 

numerical methods. It is expected that the project will attract several collaborations from which the academy will benefit. 

All these items have a clear relevance to the theme ‘Artificial Intelligence and Advanced Computational Modelling’. 
 

Potential RPCs from IITB and Monash 

Provide names of the potential research progress committee members (RPCs) and describe why they are most suited 

for the proposed project 
 

Neela Nataraj, IITB Mathematics 

Debanjana Mitra, IITB Mathematics 

Jerome Droniou, Monash Mathematics 

Gregoire Loeper, Monash Mathematics 
 

Capabilities and Degrees Required 
List the ideal set of capabilities that a student should have for this project. Feel free to be as specific or as general as you like. These 

capabilities will be input into the online application form and students who opt for this project will be required to show that they can 

demonstrate these capabilities. 

 

Degree: MSc in Mathematics 

 

Strengths: Functional Analysis, Measure theory and Integration, Numerical Analysis of PDEs, Differential Equations, Scientific 

computing and coding skills (Matlab, python, C++) 
 

Necessary Courses    
Name three tentative courses relevant to the project that the student should complete during his/her coursework at IITB (the student 

will require to secure 8 point in these courses) 

 

Partial Differential Equations I (MA817) 

 

Computational Fuid Dynamics (AE706) 

 

Numerical Methods for PDEs (MA540) 

 

Potential Collaborators 
Please visit the IITB website www.iitb.ac.in OR Monash Website  www.monash.edu  to highlight some potential collaborators that 

would be best suited for the area of research you are intending to float.  

 

Neela Nataraj, IITB Mathematics. 

 

Prabhu Ramachandran, IITB Aerospace Engineering, 

 

Gregoire Loeper, Monash Mathematics. 

 

Select up to (4) keywords from the Academy’s approved keyword list (available at 

http://www.iitbmonash.org/becoming-a-research-supervisor/) relating to this project to make it easier 

for the students to apply.  
Maths; 

Modelling and Simulation; 

Computational Fluid Dynamics and Mechanics 

  

http://www.iitb.ac.in/
http://www.monash.edu/

