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WORK EXPERIENCE AND EDUCATION

• Indian Institute of Technology - Ropar, India
(Feb’20-present)

◦ Assistant Professor

• Weizmann Institute of Science, Israel
(April’17-Feb’20)

◦ Postdoctoral Fellow

• Indian Institute of Technology - Bombay
(Dec’16-March’17)

◦ Research Associate

• Indian Institute of Technology - Bombay
(Jul’11 - Dec’16)

◦ PhD in Chemical Engg.

• Indian Institute of Technology - Bombay
(Jul’09 - Jul’11)

◦ Master of Technology in Chemical Engg.

• Jadavpur University
(Jul’05 - Jul’09)

◦ Bachelor of Engineering in Chemical Engg.

FIELDS OF INTEREST

• Granular Mechanics, Soft Condensed Matter and related Solid Mechanics, Jamming and Glass transition,
Complex fluid Rheology, Fluid Mechanics, Percolation, Theory of Fractal.

KEY ACADEMIC ACHIEVEMENTS

• Paper titled "Diffusion in agitated frictional granular matter near the jamming transition" was selected for
Kaleidoscope in prestigious journal "Physical Review E".

• Paper titled "Force distributions in frictional granular media" was selected as the Editor’s suggestion in
prestigious journal "Physical Review E".

• Paper titled "Universality in consolidation of colloidal gels" was selected for the cover of prestigious journal
"Soft Matter".

• Awarded the "Professor Kartic Khilar PhD Award" for the year 2016-2017, being the most outstanding
of all the students who completed the requirements for the degree of Doctor of Philosophy in Chemical
Engineering, Indian Institute of Technology - Bombay.

• Received Enabling travel grant (full support) in the amount of USD 2,200 on the basis of research abstract
for the travel to the 2015 Annual Meeting of the Division of Fluid Dynamics (DFD) of the American
Physical Society (APS), November 22-24, Boston, MA, USA.

https://journals.aps.org/pre/kaleidoscope/pre/100/4/042902
https://journals.aps.org/pre/abstract/10.1103/PhysRevE.98.012905
http://dx.doi.org/10.1039/C6SM90199A


• Received FGS Postdoctoral fellowship by The Feinberg Graduate School of the Weizmann Institute of Sci-
ence, Israel.

• Passed Bachelor of Chemical Engineering from Jadavpur University in 2009 with First Class Honors.

• Secured All India Rank-44 in the GATE-2009 in Chemical Engineering discipline.

• Ranked 689 th out of 50263 candidates in West Bengal Joint Entrance Exam (WBJEE)’ 2005.

• Recipient of National Merit Scholarship from Government of India on the basis of XII result.

KEY ACADEMIC PROJECTS

• Postdoctoral Project: Study of Frictional Granular Matter via Discreet Element Simulation and Theory
(Guide:Prof. Itamar Procaccia, Weizmann Institute of Science, Israel. , April’17 - present)
◦ Training, Memory and Universal Scaling in Amorphous Frictional Granular Matter:

* We carry out experimental and theoretical investigation of cyclic training of amorphous frictional
granular assemblies, with special attention to memory formation and retention. Measures of dis-
sipation and compactification are introduced, culminating with a proposed scaling law for the
reducing dissipation and increasing memory. This scaling law is expected to be universal, and
insensitive to the details of the elastic and frictional interactions between the granules.

◦ Force Distributions in Frictional Granular Media:

* We perform a joint experimental and theoretical investigation of the probability distribution func-
tions (PDFs) of the normal and tangential (frictional) forces in amorphous frictional media. We
consider both the joint PDF of normal and tangential forces together, and the marginal PDFs of
normal forces separately and tangential forces separately. A maximum entropy formalism is uti-
lized for all these cases after identifying the appropriate constraints. We find excellent agreements
between experimental and simulation data. The proposed joint PDF predicts giant slip events at
low pressures, again in agreement with observations.

◦ Scaling Theory of Giant Frictional Slips in Decompressed Granular Media:

* When compressed frictional granular media are decompressed, generically a fragile configuration
is created at low pressures. Typically this is accompanied by a giant frictional slippage as the
fragile state collapses. We show that this instability is understood in terms of a scaling theory
with theoretically computable amplitudes and exponents. The amplitude diverges in the thermo-
dynamic limit hinting to the possibility of huge frictional slip events in decompressed granular
media. The physics of this slippage is captured in terms of the probability distribution functions
of the tangential and normal forces on the grains which are highly correlated due to the Coulomb
condition.

◦ Diffusion in Agitated Frictional Granular Matter Near the Jamming Transition:

* We study agitated frictional disks in two dimensions with the aim of developing a scaling the-
ory for their diffusion over time. As a function of the area fraction φ and mean-square velocity
fluctuations 〈v2〉 the mean-square displacement of the disks 〈d2〉 spans 4-5 orders of magnitude.
The motion evolves from a subdiffusive form to a complex diffusive behavior at long times. The
statistics of 〈dn〉 at all times are multiscaling, since the probability distribution function (pdf) of
displacements has very broad wings. Even where a diffusion constant can be identified it is a com-
plex function of φ and 〈v2〉. By identifying the relevant length and time scales and their interde-
pendence one can rescale the data for the mean square displacement and the pdf of displacements
into collapsed scaling functions for all φ and 〈v2〉. These scaling functions provide a predictive
tool, allowing to infer from one set of measurements (at a given φ and 〈v2〉) what are the expected
results at any value of φ and 〈v2〉.

◦ Stress correlations in Frictional Granular Media:

* It is shown that in frictional granular packings, like in Hamiltonian amorphous elastic solids, the
stress autocorrelation matrix presents long range anisotropic contributions just as elastic Green’s
functions. This is strikingly true despite the presence of nonconservative contact forces and even
near jamming despite the breakdown of elasticity at that point. Mechanical balance and mate-
rial isotropy constrain the stress auto-correlation matrix to be fully determined by two spatially
isotropic functions: the pressure and torque auto-correlations. The pressure and torque fluctua-
tions being respectively normal and hyper-uniform then imply the stated results.



• PhD Project: Modeling the Consolidation Behaviour of Flocculating Colloidal Suspensions
(Guide:Prof. Mahesh S Tirumkudulu, IIT Bombay, Mumbai. , Jul’11 - Dec’16)
◦ Simulation:Yielding in a Strongly Aggregated Colloidal Gel:

* We investigate the microstructure details and the mechanical response under uniaxial compression
of a strongly aggregating colloidal dispersion. The numerical simulations account for short-range
interparticle attraction, normal and tangential deformation at particle contacts, sliding and rolling
resistance (RR), and preparation conditions. The compression rates are small so that hydrody-
namic interactions are negligible. In the absence of RR, the average coordination number varies
only slightly with compaction while the variation is significant in its presence. The particle con-
tact distribution is isotropic throughout the consolidation process, irrespective of the magnitude
of the parameters. In this limit of strong aggregation, the elastic modulus is a weak function of the
magnitude of attraction. It is shown that the yield strain does not change significantly during the
entire consolidation process, and the value in the presence of RR is marginally higher than in its
absence. However, the yield stress increases with volume fraction which is a direct consequence
of the increased elastic modulus. The yield stress, both in the presence and absence of RR, scales
similarly with volume fraction.

◦ Theory:Yielding in a Strongly Aggregated Colloidal Gel:

* We derive a constitutive relation to describe the deformation of a two-dimensional strongly aggre-
gated colloidal system by incorporating the inter-particle colloidal forces and contact dynamics.
The theory accounts for the plastic events that occur in the form of rolling/sliding during the de-
formation along with elastic deformation. The theory predicts a yield stress that is a function of
volume fraction of the colloidal packing, the coordination number, the inter-particle potential, co-
efficient of friction and the normal and tangential stiffness coefficients. The predicted yield strain
is independent of the volume fraction. On the other hand, the power-law exponent of the yield
stress versus volume fraction was found to be lower than that obtained from simulations. The
cause for the discrepancy was identified to be the non-affine deformation of the network. To ac-
count for such effects, a constitutive relation based on a simple fractal model was developed that
predicts yield stress profile close to those obtained from simulations.

◦ Experiment: Synthesized PDMS micro-particles as model system for experimental study and also
characterization of the said system is done by Dynamic Light Scattering, Confocal Microscopy and
Rheometer.

• M.Tech. Project: Studies on Extract Pressure Swing Adsorption(PSA)
(Guide: Prof. Arun S Moharir, IIT Bombay, Mumbai , Jul’09 - Jul’11)
◦ Developed a model for simulating adsorption and desorption breakthrough curve for adsorption/desorption

of single component adsorbate in an inert carrier onto an adsorbent and also extended it to account for
the multi-component case. Also developed codes in MATLAB for solving coupled partial differen-
tial equations by finite difference. The effect of different parameters on the packed bed adsorption
breakthrough curve was studied by numerical simulation.

TEACHING EXPERIENCE

• Teaching Assistant, Chemical Engineering Department, IIT Bombay
◦ CL 231: Solid Mechanics
◦ CL 203: Introduction to Transport Phenomena
◦ CL 232: Chemical Engineering Lab. I

PUBLICATIONS

• Lemaitre, A., Mondal, C., Procaccia, I., and Roy, S., Stress correlations in Frictional Granular Media, (Manuscript
in preparation) (Author names arranged alphabetically)

• Roy, S. and Tirumkudulu, M. S., Micro-mechanical theory of shear yield stress for strongly flocculated
colloidal gel, Soft Matter 16(7), 1801 (2020). Corresponding Author.

https://doi.org/10.1039/C9SM01784D
https://doi.org/10.1039/C9SM01784D


• Hentschel, H. G. E., Procaccia, I., and Roy, S., Diffusion in Agitated Frictional Granular Matter Near the
Jamming Transition, Phys. Rev. E 100(4), 042902 (2019). (Author names arranged alphabetically)

• Hentschel, H. G. E., Procaccia, I., and Roy, S., Scaling theory of giant frictional slips in decompressed gran-
ular media, EPL (Europhysics Letters) 125(6), 68004 (2019). (Author names arranged alphabetically)

• Akella, V. S., Bandi, M. M., Hentschel, H. G. E., Procaccia, I., and Roy, S., Force Distributions in Frictional
Granular Media, Phys. Rev. E 98(1), 012905 (2018). (Author names arranged alphabetically)

• Bandi, M. M., Hentschel, H. G. E., Procaccia, I., Roy, S., and Zylberg, J., Training, memory and universal
scaling in amorphous frictional granular matter, EPL (Europhysics Letters) 122(3), 38003 (2018). (Author
names arranged alphabetically)

• Roy, S. and Tirumkudulu, M. S., Universality in consolidation of colloidal gels, Soft Matter 12(47), 9402-
9406 (2016).

• Roy, S., and Tirumkudulu M. S., Yielding in a strongly aggregated colloidal gel. Part I: 2D simulations, J.
Rheol. 60(4), 559-574 (2016).

• Roy, S., and Tirumkudulu M. S., Yielding in a strongly aggregated colloidal gel. Part II: Theory, J. Rheol.
60(4), 575-586 (2016).

• Roy, S. and Tirumkudulu, M. S., Drying and Consolidation in Drying Colloidal Dispersions, Procedia IU-
TAM 15, 57-63 (2015).

BOOK

• Roy, S., Modeling the Generic Breakthrough Curve for Adsorption Process, Lap Lambert Academic Pub-
lishing, ISBN:6200262462 (2019).

CONFERENCES AND WORKSHOPS

• Gave an oral Presentation titled "Training, memory and universal scaling in amorphous frictional granular
matter" at 13th Annual European Rheology Conference (AERC-2019), Portorož, Slovenia, April 8-11, 2019.

• Gave an oral Presentation titled "Scaling Theory of Giant Frictional Slips in Decompressed Granular Media"
at Avalanche Dynamics and Precursors of Catastrophic Events, Les Houches, France, February 4-8, 2019.

• Gave an oral Presentation titled " Yielding in a strongly aggregated colloidal gel: 2D simulations and theory"
at CompFlu -2016, Pune, India, January 2-4, 2016.

• Gave an oral Presentation titled "Yielding in a strongly aggregated colloidal gel: 2D simulations and the-
ory" at 68th Annual Meeting of the APS Division of Fluid Dynamics, Volume 60, Number 21 Boston,
Massachusetts , United States, November 22 - 24, 2015.

• Gave an oral presentation at Research Scholars’ Symposium, Indian Institute of Technology - Bombay,
Mumbai, India, February, 2015.

• Presented a poster at Eighth symposium on complex fluids, JNCASR, Bangalore, India, December 22-24,
2014.

• Presented a poster titled "A theory for the compression of two dimensional strongly aggregated colloidal
networks" at IUTAM Symposium on Multiphase Flows with Phase Change Challenges and Opportuni-
ties, Hyderabad, India, Decemeber 8 - 11, 2014.

• Contributed talk: "A theory for the compression of two dimensional strongly aggregated colloidal net-
works", 67th Annual Meeting of the APS Division of Fluid Dynamics, Volume 59, Number 20 San Fran-
cisco, California , United States, November 23 - 25, 2014.

• Presented a poster titled: "A theory for the compression of two dimensional strongly aggregated colloidal
networks" at Gordon Research Conference on Granular and Granular-Fluid Flow, Stonehill College, Eas-
ton, MA, United States, July 20 - 25, 2014.

• Attended International Union of Theoretical and Applied Mechanics (IUTAM) symposium on MOBILE
PARTICULATE SYSTEMS: Kinematics, Rheology and Complex Phenomena, Bangalore, India, January
23 - 27, 2012.

https://journals.aps.org/pre/abstract/10.1103/PhysRevE.100.042902
https://journals.aps.org/pre/abstract/10.1103/PhysRevE.100.042902
https://iopscience.iop.org/article/10.1209/0295-5075/125/68004/meta
https://iopscience.iop.org/article/10.1209/0295-5075/125/68004/meta
https://journals.aps.org/pre/abstract/10.1103/PhysRevE.98.012905
https://journals.aps.org/pre/abstract/10.1103/PhysRevE.98.012905
http://iopscience.iop.org/article/10.1209/0295-5075/122/38003/meta
http://iopscience.iop.org/article/10.1209/0295-5075/122/38003/meta
http://dx.doi.org/10.1039/C6SM02175A
http://dx.doi.org/10.1039/C6SM02175A
http://dx.doi.org/10.1122/1.4948324
http://dx.doi.org/10.1122/1.4948324
http://dx.doi.org/10.1122/1.4948325
http://dx.doi.org/10.1122/1.4948325
http://www.sciencedirect.com/science/article/pii/S2210983815001200
http://www.sciencedirect.com/science/article/pii/S2210983815001200
https://www.amazon.com/Modeling-Generic-Breakthrough-Adsorption-Process/dp/6200262462
https://rheology-esr.org/media/book_of_abstracts_aerc_2019.pdf
https://rheology-esr.org/media/book_of_abstracts_aerc_2019.pdf
https://avalanche2019.sciencesconf.org/data/pages/abstract_booklet_website_3.pdf
http://pune2016.isr.org.in/wp-content/uploads/2015/03/Session_talktitles.pdf
http://meetings.aps.org/Meeting/DFD15/Session/D6.5
http://meetings.aps.org/Meeting/DFD15/Session/D6.5
http://meetings.aps.org/Meeting/DFD14/Event/229413
http://meetings.aps.org/Meeting/DFD14/Event/229413


• Attended workshop on RHEOLOGY OF PAINTS and EMULSIONS, National chemical laboratory (NCL),
Pune, India, 2011.

TECHNICAL SKILLS

• Instruments Handling
◦ Microscope: Inverted and upright, fluorescent and optical mode operation.
◦ Laser Scanning Confocal Microscope: Operation and data analysis.
◦ Surface Profilometer: Operation and data analysis.
◦ Rheometer: Operation and data analysis.
◦ DLS (Dynamic Light Scattering): Operation and data analysis

• Programming
◦ C, FORTRAN, UNIX shell scripting, MATLAB.

• Applications
◦ TEX, LATEX, BibTEX, Microsoft Office, and other common productivity, packages for Windows and

Linux platforms.

• Tools and Software
◦ LAMMPS, LIGGGHTS, ASPEN, SCILAB, GAMS, COMSOL.


