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1. SEREigh Performance Computing (HPC) Facilities

The Supercomputer Education and Research Centre (SERC) at lISc has been at the forefront
of providing high performance computing (HPC) facilities to the academic and research
community of Indian Institute of Science (IISc) and beyondSERChas been providing more
than four decades of highend computing support to the academic and research community.
The Centre hosts 24/7 supercomputing facilities and services including supercomputers of
Petaflop capacities for traditional HPC (High performance computing), eep learning and Al
based applications, HPC software and abou# Petabytes of storage With PARAM Pravega
DGXH100, and advanced visualization resources, SERC enables researchers to perform
large-scale simulations, data analysis, and Al/ML workloads.

Currently, the centre houses multiple HPC systems includingParam Pravegad WY U 13 WY n Wf UT R¢ K
most powerful supercomputers, along with dedicated visualization and storage server©ur
Pram Pravega supercomputer system haserved about 23 departments, 170 research
groups and 650 users of the Institute in various fields including aerospaceastrophysics,
brain research, chemistry, civil engineering, climate modelling, combustion, CFD,
computational and data sciences, computer science, condensed matter physics,
computational nano electronics, earth sciences, electronics system engineering,
geophysics, hydrology, large eddy simulationsjnorganic and physical chemistry, materials
research, mechanical engineering, microbiology and cell biology, molecular biophysics,
molecular dynamics, materials physics, plasma physics, process modelling, planetary
sciences, quantum modelling of materials, turbulent flows, etc. In addition to 1ISc users, 23
research groups of 19 Institutes from outside [ISc and across the country have been using
Param Pravega for their research needs, making Param Pravega a truly National
supercomputing installation for research. These research efforts have resulted in at least
164 publications by IISc researchers and at least 31 publications from researchers external
to 1ISc in high impact journals. These works have also resulted in generation of software in
multiple domains, and notable awards,including the prestigious ACM Gordon Bell Award in
SC 2023.

The HPC infrastructure at SERC is continuously upgraded to meet the growing computational
demands of the academic and research community.

Param Pravega

Commissioned in 2022,Param Pravegas one of the fastest supercomputers iran academic
Institution in India. With a peak performance 08.3 Petaflops, the system is built on a hybrid
architecture comprising CPU and GPU nodesThe system has 428egular nodes of 48core
Intel Xeon Cascadelake 82 2.9 GHzprocessors, for a total 0f20,544 cores,with 192 GB
RAM and 480 GB local SS156 high-memory nodes of 48core Intel Xeon Cascade Lake
8268 2.9 GHz processors, for a total 01488 cores, with 768 GB RAM and 480 GB local SSD,
and 40 GPU nods with each node consisting ofintel Xeon G6248 2.5 GHz processors and
2 Nos. of NVIDIA V100 GPUShe system has 4 PetaBytes of usable storage space, and the



nodes are interconnected using fattree toplogy with a BullSequanaxXH200 Mellanox HDR
Infiniband interconnection.

Param Pravegais extensively used for largescale simulations, data-intensive tasks, and
Al/ML applications. Researchers from [ISc and collaborating institutions leverage Param
Pravega for domains such as climate modeling, fluid dynamics, computational chemistry,
materials science, and deep learning anathers.

DGX H100 Systems

SERC also hostdNVIDIA DGX H100 systems designed specifically for Artificial Intelligence
and Machine Learning research. These systems provide exceptional performance for training
and inference of largescale deep learning models. With advanced GPU architecture, high
bandwidth interconnects, and optimized Al software stacks, the DGX H100 accelerates
research in areas such as natural language processing, computer vision, data analytics, and
generative Al.

Visualization and Data Servers

SERC maintains dedicated highmemory visualization servers that assist researchers in
post-processing and analyzing large datasets generated by simulations. These servers
provide powerful graphics capabilities and interactive environments for scientific
visualization.

Storage Infrastructure:

The HPC ecosystem is supported by a robust, higbapacity storage infrastructure with
petabytes of space for longterm data storage and efficient highspeed data access. This
ensures seamless workflow between compute and visualization servers.

2. Usage in 2P2-2024

The HighPerformance Computing (HPC) facilities at SERC have witnessed extensive
usage during the period202212024. Researchers from diverse departments at lISc, as
well as collaborating institutions, have leveraged thePARAM Pravega DGX H100
systems, and visualization servers for computationally intensive projects.

Over this period, the HPC systemén SERChave been usedwith the following statistics
over 202224.

1 More than 300 active users from about 70 faculty groups across 1ISc and
collaborating institutions.

Usage by24 departments spanning6 divisions of IISc.

Execution of over5,00,000jobs on PARAM PravegdGXH100 and other systems.
650+ million CPU core hours and 1+ million GPU node hours.

Research with SERC HPC resources hee yielded at least30 PhD thesis.

Running large-scale simulations in climate science, materials discovery, fluid
dynamics, and astrophysics.
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1 Conducting data-intensive studies in computational biology, genomics, and health
informatics.

1 Enabling artificial intelligence and machine learning research , including deep
learning, natural language processing, and computer vision.

1 Supporting multi -disciplinary collaborations across science, engineering, and
technology domains.

The systems together supportednore than twenty -three thousand jobs each month ,

with resource utilization of 92-97% at all times Collectively, these efforts contributed to

a large number ofpeer-reviewed publications, doctoral theses, and collaborative

projectsAlle UT W1 + #Y!I RUNWaS WWHI RqRHEcOWI YO UWYnWEEA9 Kt

and innovation.

Following are the various domain areas of research carried out on Param Pravega.

Aerospace Engineering
Astrophysics
Chemical Engineering
Civil Engineering
Climate Change
Combustion
Computational Fluid Dynamics
Computational Fluid-Structure Interactions
Computational Materials Science
. Condensed Matter Physics
. Computational Nanoelectronics
. Data-driven methods
. Earth Sciences
. Geophysics
. Hydrology
. Large Eddy Simulations
. Materials Engineering
. Materials Physics
. Mathematical models for cardiac tissue
. Membrane Biophysics, ProtieaAMembrane Interactions, Membrane Assisted Protein
Folding
21. Molecular dynamics
22. Ocean Modeling
23. Plasma Physics
24. Process Modeling
25. Planetary Science
26. Quantum Modeling of Materials
27. Turbulent Flows
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Number of Users
2022 2023 | 2024
DGX1 23 23 15
DGX H100 - - 19
RNC 140 116 104
Not Not
Param Pravega | available| available| 258
Total 158 132 318
Number of Faculty Groups
2022 2023 | 2024
DGX1 14 13 11
DGX H100 - - 11
RNC 47 44 41
Not Not
Param Pravega | available| available| 68
Total 56 52 88
Total Number of Jobs
2022 2023 2024 Total
DGX1 3,239 | 2,942 | 1,375 | 7,556
DGX H100 - - 2,505 | 2,505
RNC 80,045 | 61,997 | 204,343| 346,385
Param Pravegq 36,845 | 51,582 | 71,425 | 159,852
Total 120,129| 116,521| 279,648| 516,298
CPU and GPU Job Share (%)
2022 2023 2024
CPU GPU CPU GPU CPU GPU
DGX1 0.00% | 100.00%| 0.00% | 100.00%| 0.00% | 100.00%
DGX H100 - - - - 0.00% | 100.00%
RNC 94.61% | 5.39% | 93.19% | 6.81% | 95.04%| 4.96%
Param Not Not Not Not
Pravega Available| Available| Available| Available| 83.26%| 16.74%




Number of CPU Core Hours

2022 2023 2024 Total
DGX1 0.00 0.00 0.00 0.00
DGX H100 - - 0.00 0.00
RNC 12,653,148.44| 14,576,054.29| 12,684,415.41| 39,913,618.14
Param
Pravega 212,135,407.2¢ 217,968,217.0G 194,390,875.52 624,494,499.72
Total 224,788,555.64 232,544,271.29 207,075,290.93 664,408,117.86
Number of GPU Node hours
2022 2023 2024 Total
DGX1 34,347.53 40,968.72 16,554.36 91,870.61
DGX H100 - - 9,500.43 9,500.43
RNC 39,139.82 38,475.92 23,893.87 101,509.61
Param Pravega | 385,672.60 | 517,609.00 | 491,925.85 1,395,207.45
Total 459,159.95 | 597,053.63 | 541,874.50 1,598,088.09

Following departments in [ISc use Param Pravega.
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Aerospace Engineering
Biochemistry
Center for Atmospheric and Oceanic Sciences
Center for Brain Research
Center for infrastructure, Sustainable Transportation & Urban Planning
Centre for Nanoscience Engineering
Chemical Engineering
Civil Engineering
Computational and Data Sciences
. Computer Science and Automation
. Earth Sciences
. Electrical Engineering
. Electronics and Communications Engineering
. Electronics Systems Engineering
. Inorganic and Physical Chemistry
. Interdisciplinary Center for Water Research
. Materials Engineering
. Materials Research Centre

. Mechanical Engineering
. Molecular Biophysics Unit



21. Organic Chemistry
22. Robert Bosh Centre for Cyberphysical Systems
23. Solid State and Structural Chemistry Unit

Number of core hours used by each of the department (2024)
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Top 30 Research Groups and their CPU core hours (2024)
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PERCENTAGE UTILIZATION (CPU CORE HOURS) BY CPU JOB SIZES
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3.LL{OQa {OASYUGATAO ! LILIX AOI GA2
During202212024, the HPC facilities at SERC were extensively utilized by researchers across

IISc for a wide range o$cientific and engineering applications . The availability of PARAM

Pravega, DGX H100 systems, visualization platforms, and largeale storage enabled

projects requiringmassive computational power and data handling capabilities

The applications broadly covered:
7 Climate science and Earth system modeling T long-term simulations of climate
variability, monsoon predictability, carbon cycle feedbacks, and oceamatmosphere
interactions.
1 Aerospace and mechanical engineering T high-fidelity simulations of turbulence,
combustion, aerodynamics, and propulsion systems.
f Materials science and chemistry T density functional theory (DFT) calculations,
molecular dynamics, phase transition studies, and nhanomaterials research.
f Computational biology and life sciences T biomolecular simulations, genomics,
protein folding, and drug discovery applications using GPidccelerated codes.
1 Physics and astrophysics T plasma turbulence, galaxy formation, black hole
accretion models, and geodynamo simulations.
{1 Artificial intelligence and machine learning T training of large language models,
deep learning for computer vision and NLP, generative Al, and dat@ensive
analytics on DGX H100 systems.
These diverse applications underscore the#1JUq | ¢ G W YOWWYNWEEA9 Kt Wc A9 LW
JUcHGRUNDW f EAKE W Wt Wel A6WARYG G2 URq! WaqVYWeT T 1 13+ WN
impact publications, and contribute to national and global scientific progress.

The following sections give details of the usage d¢iPC for various computational science
problems.



3.1 Department of Aerospace EngineeriffE)

311t NPFd W2aSLK alidiKSgQa [0

3.1.1.1 Problem areas:

The evolution of isolated and collections of hairpin vortices are studied using Direct
Numerical Simulation (DNS) for a Reynolds humber of 1500. The multiple hairpin vortices are
arranged on a circle. This configuration is a simplified model to understankhte stages of
transition in round jets as multiple hairpins are ejected in the wake of an unstable vortex ring
during transition. The evolution shows that a process called viscous vortex reconnection
occurs and for capturing this grids of sizes up to 21fillion were used. Depending upon the
vorticity directions, we see complex interactions with neighbouring hairpins leading to a
series of reconnections and formation of smaller scales. Simulations were performed using
Incompact3d, an open source parallelizd incompressible NavierStokes equation solver.
For computing spatial derivatives sixth order compact finite differences are used, while for
time marching third-order RungeKutta method is used.

3.1.1.2 SERC's resources:

These simulations were performed on Param Pravega. For a single run 480 CPU cores were
used for 1224 hours depending on the evolution time.

3.1.1.3 Parallelization strategies employed:

Incompact 3d uses a 2D pencil decomposition of the computational domain and for this it
uses the open source 2DECOMP&FFT library. The communication between different parts of
the domain residing in different cores is achieved through MPI. This makes thedmhighly
scalable and it is shown that the core can run on O(10"5) cores.

3.1.1.4 Performance and scalability:

Scalability analysis for Incompact3d are documented in these papers

1. LaizetS. & Li N., Incompact3d, a powerful tool to tackle turbulence problems with up to
0(1075) computational cores, Int. J. of Numerical Methods in Fluids, Vol 6¥1, pp 1735
1757, 2011.

2. Li N. & Laizet S., 2DECOMP&FF® highly scalable 2D decomposi on library and FFT
interface, Cray User Group meeting: Simulation comes of age, Edinburgh, Scotlard24/05-
27/05, 2010.

3.1.1.5 Publications:

1. Balakrishna, N., Mathew, J., & Samanta, A. On late stages of transition in round jets,
12th International Symposium on Turbulence and Shear Flow Phenomena (TSFP12),
July 1922, 2022; Osaka, Japan.

2. Balakrishna, N., Mathew, J., & Samanta, A. (2025). Reconnections of isolated and
interacting hairpin vortices, J. Fluid Mech. (under review).
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3.1.2.1 Problem Areas
Horizontal and vertical tail buffeting of a trapezoidal planform in a transonic flow

In modern highperformance combat aircraft, the sizing and placement of the vertical and
horizontal tail is critical, especially in twin-tail configurations. The vertical tail is subjected to
the effects of unsteady aerodynamic flow and gives rise to buffing and flutter. At moderate
angle of attack the strong energized vortex generated on the suction side surface breaks
down into smaller eddies. These turbulent vortical structures then impinge upon the aft
horizontal and vertical aerodynamic surfaces, sub as the horizontal and vertical tail.
Transonic flow over the vertical and horizontal tail, including the influence of the
elastodynamics of the wing, nose, forward sweep intake, and fuselage, is investigated using
an Unsteady ReynoldsAveraged NavierStokes (URANS) solver tightly coupled with a finite
element solver for both steady and unsteady flows over over a flat plate model of a
trapezoidal wing aircraft planform with vertical and horizontal tail at a moderate anglef-
attack. This study clearly shows that flexible aircraft structure elastodynamics to have
significant effect on the unsteady flow over the aircraft when compared to that of a rigid
aircraft.

All simulations were done on Param Pravega using approximately 5000 cores.
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Transonic shock buffet in an axial flow fan

Transonic shock buffet, a selfsustained shock oscillation resulting from shockboundary
layer interaction, is observed across a range of operating points on the performance map of



a transonic axial flow fan. Shock oscillations impart timevarying air loads on fan blades with
the potential of leading to fatigueinduced structural failure. Accurate estimations of shock
buffet onset, shock displacement, and buffet frequency are critichto lifing assessment of
turbomachinery blades. This study focuses on predicting transonic shock buffet in a
transonic axial flow fan using higkfidelity numerical simulations, followed by investigation
of its underlying mechanisms through wave propagatio analysis and modal analysis of
buffet flow. Steady flow solutions obtained using a RANS solver predict performance
H6cl ¢cHqUIl Rt qRAL We UT WHREGqe |l YWt ! WnWéaqel Wt WYnlWaqd 1
experimental and numerical results from the litgature. Unsteady flow simulations on a fuH
annulus model using URANS successfully capture shock buffet and its salient attributes at
two operating pointsy near design mass flow and near stall. Wave propagation analysis and
spectral proper orthogonal decomposition of buffet flow reveal a feedback loop of upstream
and downstream propagating pressure perturbation waves driving shock buffet. A subtle
YT RnRACqRYUWqYWx DWWkt WHen nWaqWd YT DO WRt WGl YGYt T LW
a turbomachinery context. Buffet flow is characterized by circumferential, radial, and
stream-wise pressure perturbation waves, with circumferential flow periodicity breaking
down during buffet. A global stability analysis framework is presented and its prognostic
potential for predicting shock buffet in turbomachinery is evaluated. The global stability
analysis framework enables accurate prediction of buffet frequencies and associated
modes with drastically reduced computational cost compared to that required for unsteady
simulations.

Simulations on Param Pravega. URANS typically on 2500 cores and 16.5 days wall clock
time. Global stability analysis on approximately 750 high memory cores and 3 hours of wall
clock time.

detached bow
shock A passage shock

Fig. URANS simulation showing isesurface of Qcriterion. Shock structure at 70% span
across blade passage.
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Fig. Unstable global mode at 70% span obtained from global stability analysis
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Param Pravegas URANS simulations on ~25f700 cores; global stability analysis on 750
high-memory cores.

3.1.2.3 Parallelization Strategies
1 Domain decompositiontbased parallelization of URANS solvers.
1 Coupling of CFD (URANS/RANS) with finite element solvers for elastodynamics.
1 Global stability analysis frameworks implemented on highmemory nodes.

3.1.2.4 Performance & Scalability

I URANS simulations ran up td.6.5 days wall clock time on 2501500 cores.

1 Global stability analysis achieved3-hour turnaround on 750 cores, offering drastic
savings compared to full URANS runs.

1 Demonstrated good scaling for aeroelastic and turbomachinery cases compared to
experimental/numerical benchmarks.

3.1.2.5 Publications:

1. M | Vellaisamy Dinu, Adithya Udupa, Sudha U P V, and Kartik Venkatraman. 2025.
Horizontal and vertical tail buffeting of a trapezoidal planform in a transonic flow.
Aeronautical Society of India 26th Annual CFD Symposium 2025. August 11i8th.

2. Jyoti RanjarMajhi, Magan Singhand Kartik Venkatraman (2024). Prediction of transonic
buffet in afinite span wingusing global stability analysis. InfSecond Buffet
Workshop. JAXA Chofu Aerospace CenteAugust 30, 2024.

3. Jyoti RanjarMajhi and Kartik Venkatraman (2024). Prediction of transonic buffet in an
axial flow fan using global stability analysis. In International Forum on Aeroelasticity and
Structural Dynamics 2024 (IFASD 2024). Den Haag, Netherlands. June2(d 2024.

4. Jyoti Ranjan Majhi and Kartik Venkatraman (2023). On the nature toAnsonic shock
buffet in an axial flow fan. InAIAA Journal2023.



5. Jyoti Ranjan Majhi and Kartik Venkatraman (2023). Numerical simulation of transonic
buffet in an axial flow fan. In2023 AIAA Aviation Forum and Expositipisan Diego, USA,
June 1216, 2023.

6. Jyoti Ranjan Majhi and Kartik Venkatraman (2023). Prediction and characterization of
transonic buffet in an axial flow fan. In57th 3AF International Conference (AER02023)
Bordeaux, France, March 2981, 2023.

7. Magan Singh and Kartik Venkatraman (2024). Transonic shock oscillations in an
oscillating finite span wing. In International Forum on Aeroelasticity and Structural
Dynamics 2024 (IFASD 2024). Den Haag, Netherlands. June2@® 2024.

8. Pawel Chwalowski, Garrett McHugh, Steven Massey, Lior Poplingher, Daniella E. Raveh,
Adam Jirasek, Nicholas F. Giannelis, Kartik Venkatraman, Magan Singh, Behzad Ahrabi
and Moeljo Hong (2023). ShocBuffet Prediction Report in Support of the High Angle
Working Group at the Third Aeroelastic Prediction Workshop. In: 2024 AIAA SciTech
Forum, Orlando, FL, USA, January B, 2024.

9. Magan Singh and Kartik Venkatraman (2023). The influence of angle of attack on the
nature of transonic shock buffet in a finite span wing. In: 57th 3AF International
Conference (AERO2023), Bordeaux, France, March-33, 2023.

10. Magan Singh and Kartik Venkatraman (2023). Transonic buffet in the Benchmark
Supercritical Wing. In: 2023 AIAA SciTech Forum, National Harbor, MD, USA, January 23
27, 2023.

11. Arif Md, Magan Singh, Tumkur Pradeepa Karnick and Kartik Venkatraman (2023).-Two
dimensional transonic buffet in a supercritical wing section. In: 2023 AIAA SciTech
Forum, National Harbor, MD, USA, January 237, 2023.

12. Magan Singh, Tumkur Pradeepa Karnick and Kartik Venkatraman (2022). Transonic buffet
in the finite span Benchmark Supercritical Wing (BSCW). In: 2022 AIAA Aviation Forum,
Chicago, IL, June 27 July 1, 2022.

13. Adithya Mayya, Magan Singh, and Kartik Venkatraman (2023). Transonic shock vortex
shock boundary layer interactions over a delta wing. In: 57th 3AF International
Conference (AER0O2023), Bordeaux, France, March-34, 2023.

14. Adithya Mayya, Tumkur Pradeepa Karnick and Kartik Venkatraman (2022). Shock vortex
interactions and transonic buffet over a flexible delta wing. In: 2022 AIAA Aviation Forum,
Chicago, IL, June 20uly 1, 2022.

3.1.3 Prof. O. N. Ramesh LWx ¢ H
3.1.3.1 HPC-based Transonic FlonResearch Group

3.1.3.1.1 Problem Areas:

This research focuses on the numerical investigation of transonic shoakoundary layer
interaction over an axisymmetric hump geometry, which serves as a benchmark case for
studying shock-induced separation. The work involved unsteady Reynoldaveraged Nawert
Stokes (URANS) and Detached Eddy Simulation (DES) based approaches to predict shock
location, strength, and separation bubble characteristics. These computations helped in
understanding the dynamics of unsteady shock motions and their effect on separamn



bubble growth/shrinkage, which are critical for aerospace vehicle design at transonic Mach
numbers.

3.1.3.1.2 SER& Resources:

All computations were carried out on ParampravegdLarge/Medium category) at SERC. A
typical run utilized 340/170 nodes (Large/Med) for ~ 72 to 96 hours to resolve the unsteady
flow features in DES/URANS simulations of the transonic hump.

3.1.3.1.3 Parallelization Strategies Employed:

The flow solver (HIFUN) was run in a hybrid MPI + OpenMP parallel environment. Domain
decomposition was used to distribute the computational grid among MPI ranks, while
OpenMP threading was employed within each node to maximize CPU utilization and reduce
communication overhead.

3.1.3.1.4 Performance and Scalability:

The solver demonstrated neailinear scaling up to ~7000 cores for grids of O(50M) cells, with
~80% parallel efficiency. Compared to smaller irhouse clusters, the SERC runs reduced
turnaround time from weeks to days, making longime unsteady simulations feasible.

3.1.3.1.5 Publications / Conference Participation:

1. Computational Predictions of Transonic Shockinduced Flow Separation over Sandia
Axisymmetric Hump, Symposium on Applied Aerodynamics and Design of Aerospace
Vehicles (SAROD 2022), Dec 137, 2022, Hyderabad, India.

2. RANS Predictions of Transonic Shoeckduced Flow Separation over Sandia
Axisymmetric Hump, 57th 3AF International Conference on Applied Aerodynamics,
March 29r31, 2023, Bordeaux, France.

3. RANS and DES Predictions of Transonic Shotkduced Flow Separation over Sandia
Axisymmetric Hump, Asian Computational Fluid Dynamics Conference, Nov 2023,
HAL Management Academy, Bengaluru, India.
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Figure3 Geometry of the hump with skin friction and pressure coefficient

3.1.3.2 HPC Research Report Low Speed Aerodynamics Lia

3.1.3.2.1 Problem areas:

Wall-bounded Turbulence ResearchThis work is towards solving longstanding, unresolved
problems in wall-bounded turbulent flows. Problems such as the scaling laws governing Very

Large Scale Motions (VLSMs) and the "bursting” phenomengrkey components of
turbulence production have been investigated. Understanding these is critical for
applications like turbulence management and drag reduction. Direct Numerical Simulations

bI? EbW¢!I DWGWI nY!I U WnY! Wael Ae (RaEm BraEvégaHPO 1J 0 LW N
facility to completely capture and resolve all scales of the flow, making such simulations
computationally highly intensive. This is used to support the experimental data to establish

the universality of the developed scalings.

3.1.3.2.2 SER fesources:

N6 Rt Ws YI t Wet It WE Esdpercompufers with jolhH Akt m2oMNeLp to small72
cores at a frequency of Zobs/month. The frequency of usage is much higher when using

smaller cores due to faster turn around times.

3.1.3.2.3 Parallelization strategies employed

The open source code Incompact3d is employed in performing the DNS. A parallelisation
strategy evolving from a 1D dual domain decomposition to a more advanced 2D "pencil"
decomposition is employed. Both methods use MPI and global transpose operations to

handle implicit high-order schemes.

3.1.3.2.4 Performance and scalability.

Excellent strong and weak scaling is achieved. The initial 1D decomposition scales well to

dVYs L
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3.1.3.2.5 Publications:

1. Raghuram, S., & Ramesh, O. N. (2025). Bursting phenomenon in turbulent wiadlunded
flows. Physics of Fluids 37(2).
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3.1.4 Prof. Rishita Dask LUx ¢ H

3.1.4.1 Problem areas:

We have used Param Pravega supercomputer to run largedy simulations (LES) and direct

numerical simulations (DNS) of different types of turbulent flows. Specifically, we are

studying the following flow problems:

1. Supersonic turbulent boundary layer and interaction between an impinging oblique
shock wave and the turbulent boundary layer.

2. Hypersonic flow through scramjet intake of ISRO.

3. Incompressible turbulent channel flow and nearwall drag-inducing coherent structures.

4. Incompressible isotropic turbulent flow and the quantification of turbulence
intermittency.

5. Identifying source of jet noise in a supersonic jet.

6. Additionally, we have also used the GPUs on NVIDIA D@Xand NVIDIA DGX100
clusters to train AI/ML models for synthetic turbulent inflow generation, superesolution
and reconstruction of small scale dynamics of turbulence.

3.1.4.2 SER& fesources:

SERC resources were used for running these simulations as well as for postprocessing and
data analysis with large DNS datasetsTypically, LES and DNS simulations are conducted
using 4050 nodes (19202400 cores) over long durations. Machine learning models for
turbulence are trained using 12 H100 GPU cards at a time.

3.1.4.3 Parallelization strategies employed
All our CPU codes are MPparallelized.

3.1.4.4 Publications:

1. Vempati, C., Thazhathattil, V., Das, R., Bemchandra, S. (2024). Identifying noise source
regions in a supersonic jet using information flux methods. [180th AIAA/CEAS
Aeroacoustics Conference (2024)p. 3259).

ISRGIISc STC project on shockvave turbulent boundary layer interaction and study of
hypersonic flow through scramjet intake. Our simulations are helping understand the flow
separation and unsteady characteristics of shock waves in a scramjet intake.



Figl shock-wave turbulent boundary layer interaction

3.1.5 Prof. Santosh Hemchandrak t+ Wx ¢ H

3.1.5.1 Problem Description:

Param Pravega was used for three main problems.

1 Aeroacoustic noise radiation from a high Mach number (M=3.0) turbulent jet (Re ~ 7.5
million). This was a pilot study suggested by VSSC as being relevant for a
computation they had in mind of relevance to the Gaganyaan program. We were
successful in matching experimertal noise measurements. New information theory
based analysis was applied to understand where the source of the noise was. These
results were presented at the AIAA Aeroacoustics conference, 2024 in Rome.

1 Alifted turbulent slot jet H2 flame (Re ~ 8000). PARAM Pravega was used to test a new
multi-regime combustion model for LES and understand autoignition propensity.
Reference results were computed using DNS. Results were presented at the Asia
pacific symposium on combustion and a paper is under preparation for publication

1 Critical regions in swirl nozzles. LES was used to understand the position and extent
of critical regions driving precessing vortex core instability in a swirl nozzle flow (Re ~
20,000) typically found in aeroengine combustors and gas turbines. Network ahesis
was performed and results were compared with linear stability showing good
agreement. A similar study was performed on a related nozzle with different geometry
at Re ~ 27,000. These studies have appeared in various conference and journal
papers.

3.1.5.2 HPC resources used
Param Pravega at SERC, IISc. Upto 26A6000 cores CPU only.

3.1.5.3 Parallelization strateges:

Our LES flow solver uses MPI for parallelization on CPU only architectures. The inter node
communication is performed largely in a norblocking manner to achieve overlapping of
communication and computation. Good linear scaling on problems of the size memned
above has been observed. We are happy with the performance. However no other data is
available for comparison.



3.1.5.4 Publications:

3.1.5.4.1 Conference papers

1. 2¢aqaqc¢ AW wWe Ul We UG #égine dombusidd Engidkbl fer edtplicit fiiteriRg LES
-Nel A G W UqWd RN a1 We6-patific Sympdsium Dijogribosiion, 2026 AW + R¢

2. Gupta, S., Datta, A., Hemchandra, S., & Boxx, I. (2023, June). Precessing vortex core
suppression in a swirl stabilized combustor with hydrogen addition. IiTurbo Expo: Power
for Land, Sea, and AifVol. 86953, p. VO3AT04A002). American Society of Mechanical
Engineers.

3. Hemchandra, S., Datta, A., & Juniper, M. P. (2023, June). Learning RANS model
parameters from LES using bayesian inference. furbo Expo: Power for Land, Sea, and
Air(Vol. 86953, p. VO3AT04A051). American Society of Mechanical Engineers.

4. Vempati, C., Thazhathattil, V., Das, R., & Hemchandra, S. (2024). Identifying noise source
regions in a supersonic jet using information flux methods. I1B80th AIAA/CEAS
Aeroacoustics Conference (2024)p. 3259).

3.1.5.4.2 Journal papers

1. Muthichur, N., Vempati, C., Hemchandra, S., & Samanta, A. (2023). Reducedder
models of aeroacoustic sources for sound radiated in twin subsonic jetsJournal of Fluid
Mechanics, 972, A33.

2. Invited paper) ~2 q6 RHAG 2| AWl AW ENIGEcqRAWELAWc DGHGcUI | ¢
cHYz2t qRAcCOG! Waga UUT Wt GUHq! ¢ 0 We@dm¥Etienalljolrival off 6 YN Y U ¢ b L
aeroacoustics, (accepted)

3. ] 2GqcAWENRAWEScUNHEYN2 AW ELAW ] 6 Y-ékétedGfiavidl tow ¢ UT LW
RUt q¢ HRIORqRIJt WRUWe Wt s RI g WUOYAAGG IJaoueal bf flukiz 13 WHY U q |
mechanics, (under revision).

4, N6cA6¢caqbcqaqRIAWEOAW] e Gaqe AWEOWe UT We BaH6¢UT | ¢ AWE
b sRIGRUNDW naVYst W 2t RUNDW HYO GUAWALL Jduddahs Y1 t W ¢
https://doi.org/10.2514/1.J064066.

5. 2¢qac Al OAW~¢ qé s Alls oWe UT We BaHE6cUT | ¢ AWE HOA WMBLNG |
t RGecticecqRYUL WYnWe Wae | Gerablidtidn quid Gdmid, 2022 Ndl. 1237,0 ¢ G I w AW
https://doi.org/10.1016/j.combustflame.2021.111862.



https://doi.org/10.2514/1.J064066
https://doi.org/10.1016/j.combustflame.2021.111862

Noise radiation from a Re ~ 7.5 million, M=3.0, perfectly expanded jet

120 _LES B

100

80

PSD (dB/Hz)

60
0.02 0.1 04 1 2

i Flow dir. ves

hom
50 0 150 ."(»ﬂ.‘x

Lifted H2 slot jet flame (Re ~ 8000) DNS(left) and LES(right). Also shown are HO2 isosurface
(green) and OH isosurface (orange). The turbulent structures are shown using isosurfaces of

Q-criterion.

G
0.25

' You

0.0 = 2x10"?
000 .

L 010 [ #

l 025 R -

e/(u;/p)" =70

X
Y
\
<
—




3.1.6 Prof Sourabh S. Diwank + LWx ¢ H

3.1.6.1 Research area: DNS of Energy Cascade in Channel Flow

3.1.6.1.1 Problem areas:

Direct Numerical Simulation of a Turbulent Channel Flow at friction Reynolds numbers of
Y'Q=630 and 1520 were performed using SERC HPC facilities. This data, along with open
source DNS data atY (=650,950,2000 and 4000, is used to study the transfer of energy and
enstrophy from the large scales of the flow to the smallest dissipative scales. The locality of
scale interactions is validated in the physical space for a walbounded flow. The effect of
shear, inhomogeneity and Reynolds number on the degeeof locality is characterized.
Further, the alignment behaviour of vorticity with the eigen strains of larger structures is also
studied. The nature of stretching effects the morphology of structures, which is
characterized using Minkowski function. Majoity of the HPC usage is towards post
processing of the data.

3.16.12 EEA9kt WAt Yl #IJt WOt I a

Param Pravega has been used. For large DNS simulationaX=11520, 2304 cores were used.
Post-processing opensource data at 'Y Q=#000 was the most resourceintensive and
needed 528 cores on the highmemory queue. Fewer cores were used for smaller
simulations and datasets.

3.1.6.1.3 Parallelization strategies:

The channel flow DNS was simulated using Incompact3D, which employs pencil
decomposition and MPI for parallelization. The posprocessing codes use slab
decomposition and MPI for parallelization.

3.1.6.1.4 Performance and scalability:

Icompact3D is an established code and thus doing performance and scalability studies was
not necessary. The postprocessing codes are developed-house and the performance and
scalability studies were not performed for these. The scalability is expected te limited for
these because of slab decomposition.

3.1.6.1.5 Publications:

1. Anand, A, Diwan, S. S., & Swaminathan, N. (2024). A comparative study of bandpass
filter-based multi-scale methods for turbulence energy cascade. Journal of
Turbulence, 1110

2. Anand, A., Diwan, S., & Swaminathan, N. (2023). Intermittent structures of intense
inter-scale energy fluxes in turbulent channel flow, Bulletin of the 76thPAnnual
Meeting of Division of Fluid Dynamics of American Physical Society.

3. Anand, A., Swaminathan, N., & Diwan, S. (2023). Dissipation structures in a turbulent
channel flow. In 14th Asian Computational Fluid Dynamics Conference.



3.1.6.2 Research Area: DNS of human respiratory flows

3.1.6.2.1 Problem area:

Respiratory diseases like COVIEL9 spread through droplets expelled during coughing,
sneezing, breathing, and speaking. Speech flows generate turbulent jets carrying muco
salivary droplets, with the amount expelled strongly depending on speech loudness.
Modelling realistic speech flows is challenging due to their complexity and variability. To
address this, direct numerical simulations (DNS) of speech flows have been performed using
the MEGHADS code at the [ISc Supercomputing Facility. Two cases were studieCase | with
10 speech cycles from person 1 and zero flow from person 2 (a silent listener), and Case |l
with 10 staggered speech cycles from both persons, simulating turtaking conversation.
These simulations accurately capture airflow and droplet trasport during conversations.
Simulations have also been carried out for twephase cough flows by simulating
thermodynamics of phase change.

3.1.6.2.2 SERC's resources:

Param Pravega was used for the simulations, utilizing a minimum of 256 cores and a
maximum of 2048 cores, depending on whether it was a test run or the final highsolution
simulation. Some of the early simulations were performed on SahasraT (CRAY).

3.1.6.2.3 Parallelization strategies:

The MEGHAS code is used for this work, employing the pencil decomposition method to
divide the computational domain among multiple processors along spatial directions.
Processor communication is managed via the Message Passing Interface (MPI).

3.1.6.2.4 Publications:

1. Singhal R, Ravichandran S, Govindarajan R, Diwan SS. Virus transmission by aerosol
transport during short conversations. Flow. 2022;2:E13. do0i:10.1017/flo.2022.7

2. Rohit Singhal, S. Ravichandran & Sourabh S. Diwan (2021) Direct Numerical
Simulation of a Moist Cough Flow using Eulerian Approximation for Liquid Droplets,
International Journal of Computational Fluid Dynamics, 35:9, 77997, DOI:
10.1080/10618562.2022.2®7479

Virus transmission by aerosol transport during short
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When a person sneezes or coughs, they can potentially transmit droplets carrying viruses like SARS-CoV-2 to others in their vicinity.
Does talking to an infected person also carry an increased risk of infection? How do speech droplets or “aerosols” move in the air
space between the people interacting?

To answer these questions, a research team has carried out computer simulations to analyse the movement of the speech aerosols.
The team includes researchers from the Department of Aerospace Engineering, Indian Institute of Science (liSc), along with
collaborators from the Nordic Institute for Theoretical Physics (NORDITA) in Stockholm and the International Centre for Theoretical
Sciences (ICTS) in Bengaluru. Their study was published in the journal Flow.



3.2 Centre for Atmospheric and Oceanic Sciences
(CAQS)
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3.2.1.1 Problem Areas:

(a) Indian Ocean Circulation and Bottom Water Pathways: Our research focuses on
understanding the circulation pathways of Antarctic Bottom Water (AABW) in the Indian
Ocean, a key component of the global overturning circulation. These pathways regulate
ocean heat and carbon storage, directly influencing globatlimate and sea level rise. Using
high resolution turbulence-resolving simulations, we investigate how AABW upwells, mixes,
and interacts with overlying water masses. The simulations also resolve mesoscale and
submesoscale eddies that strongly modulate these pathways. Results from this work
address longstanding uncertainties in Indian Ocean circulation, including deep water
connectivity across major ridges and basins, the role of diapycnal mixing, and the sensitivity
of abyssal flows to climatedriven buoyancy forcing. Applications of this work include
improving climate model parameterizations and providing critical insight into londerm
climate predictability.

(b) Coupled Atmosphere TOcean Boundary Layer and Evaporation: We perform Large
Eddy Simulations (LES) of the coupled aisea boundary layer to study evaporation fluxes.
These turbulenceresolving runs capture convective plumes, shear instabilities, and regime
transitions between buoyancydriven and winddriven states. The results shed new light on
evaporation processes under weak wind conditions, with implications for monsoon
variability and improved airsea flux parameterizations in climate and weather modls. This
research area is especially important because current climate models exhibit large biases in
sea-surface properties due to their inadequate resolution of turbulent convection. By
explicitly resolving convection and turbulence, our work provides pathway to significantly
reduce these biases and improve predictive skill in weather and climate projections.

3212 EEA9kt WAt Yel HIJt a

Both problem areas used the PARAM Pravega HPC system. Typical production runs
employed ~2000 CPU cores concurrently, enabling highesolution, long-duration
integrations of Indian Ocean circulation as well as turbulenceresolving coupled LES studies.

Fig. IISc Press Relei



3.2.1.3 Parallelization Strategies Employed:

We employed a hybrid MPI + OpenMP parallelization strategy with domain decomposition
across spatial planes. Efficient parallel 1/O, checkpointrestart capability, and load
balancing were used for long integrations. For the coupled boundary layer simulatis,
turbulence resolving LES solvers were optimized to maintain high throughput at ~2000 cores.

3.2.1.4 Publications (2022r24):

1. EddyZreshwater interaction using regional ocean modeling system in the Bay of
Bengal N Paul, J Sukhatme, Gayen, B., Sengupta, D. Journal of Geophysical
Research: Oceans 128 (4), e2022JC019439, 2023

2. Tracing the Abyssal Water Pathways in the Indian Ocean. Mishara, B Gayen, K L Gunn,
Vinayachandran, P N, Paul, N (under revision Geophysical Research Letter)

3.2.1.5 Contributions & Impact:

1 Indian Ocean simulations (Kaushik Mishra) revealed new insights into abyssal pathways,

| JaN2¢cU0qUaqYWwf Ul Rekt WOcqRYUcOWHGRAGCqUIWI 3t 3¢l #E WG
9 Coupled LES studies (Chetan Bankar) advanced understanding of evaporation under

convective regimes, contributing to monsoon prediction and climate model improvements.

1 Broader contribution to parameterization of mixing and fluxes in weather and climate

prediction systems.
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3.2.2.1 Theme: Climate Change
Sub themes: Climate system feedbacks, Solar geoengineering, Carbon cycle science

3.2.2.1.1 Problem Areas:
1. Sensitivity of global warming to latitudinal distribution of radiative forcing



1

1

1

1

Conducted experiments by increasing solar insolation in different latitude bands
usingNCAR CAM4

Found that climate sensitivity is ~2x larger when forcing is imposed iNorthern
Hemisphere high latitudes and ~3x in Southern Hemisphere high latitudes ,
compared to low-latitude forcing.

Differences mainly from lapse rate, water vapor, and cloud feedbacks , with
contributions from albedo and Planck response.

Study highlights strong dependence of climate sensitivity omeridional structure of
forcing .

2. Sensitivity of global mean warming to hemispheric differences in radiative forcing

T

T
T
)l

Compared uniform, NHonly, and SHonly radiative forcing.

Found larger warming for SH forcing, driven by shortwave cloud feedbacks.

ITCZ shifts toward hemisphere with larger forcing.

Provides insight into climate responses to volcanic aerosols, human emissions, and
land cover changes.

3.2.2.1.2 SERC's resources:

Several centurylong climate model simulations were run on Param Pravega. Each
simulation used about 480 cores for 288 waiclock hours.

3.2.2.1.3 Publication:

1.

Harpreet Kaur, G. Bala & Ashwin Seshadri (202%)\hy is the temperature response
larger for radiative forcing imposed in high latitudes than for forcing imposed in low
latitudes? Climate Dynamics. https://doi.org/10.1007/s00382-025-07659-y

Harpreet Kaur, G. Bala & Ashwin Seshadri (2024)Climate response to
interhemispheric differences in radiative forcing governed by shortwave cloud
feedbacks. Environmental Research: Climate.
https://iopscience.iop.org/article/10.1088/2752  -5295/ad8df6



https://doi.org/10.1007/s00382-025-07659-y?utm_source=chatgpt.com
https://iopscience.iop.org/article/10.1088/2752-5295/ad8df6?utm_source=chatgpt.com
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Figure caption : The globatmean values of individual feedback parameters calculated using the radiative kernel
technique for simulations with radiative forcing imposed globally in a uniform manner or only in the Arctic,
Tropical, and Antarctic regions. Horizontal axisidentifies the individual feedbacks: albedo, Planck, lapse rate,
water vapor (WV), shortwave cloud (Cldsw), longwave cloud (Cldlw) feedback, the sum of all feedback
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Figure caption: Annual mean latitudinal position of Intertropical Convergence Zone (ITCZ) in the baseline
simulation (dashed blue), simulation with uniform increase solar radiation (black), simulation with solar radiation
increased only in the northern hemisphere (greengind simulation with solar radiation increased only in the



southern hemisphere (red). ITCZ position is determined using the precipitation centroid metric, defined as the
median latitude of zonal mean areaweighted precipitation between 20°S and 20°N (Donohoe et al. 2013)he
results are estimated as the annual mean values over the last 50 years of the 3p@0Community Atmosphere
Model version 4 (CAM4) slab ocean simulations

3.2.2.2 Solar Geoengineering

3.2.2.2.1 Problem areas

1. Sensitivity of tropical monsoon rainfall to the Ilatitudinal distribution of
stratospheric sulphate aerosols.
Stratospheric aerosol geoengineering (SAG) is one of the several solar geoengineering
options that have been proposed to counteract climate change. In the case of SAG, reflective
aerosols injected into the stratosphere would reflect more sunlight and coothe planet.
When assessing the potential efficacy and risks of SAG, the sensitivity of tropical monsoon
precipitation changes should be also considered. Using a climate model, we performed
several stylized simulations with different meridional distributiors in the stratosphere.
Because tropical monsoon precipitation responds to global mean and interhemispheric
difference in radiative forcing or temperature, we quantified the sensitivity of tropical
monsoon precipitation to SAG in terms of two parameters: gbal mean aerosol optical depth
(GMAOQOD) and interhemispheric AOD difference (IHAODD). For instance, we find that the
t RGztoecqUT WOYI q6 131 UWE KGR G611 Wi YUt YYUWGI WARGRqC @
MIONWRUHI Je¢t JWRUW] ~ § ? Lidckkasdlie IHADDE.LWe Ao lesimaied| G 1J | LM ON
precipitation changes in terms of the two sensitivity parameters for the global mean
precipitation and for the indices of tropical, northern hemisphere, southern hemisphere and
Indian summer monsoon precipitation changs. Similar sensitivity estimates are also made
for unit changes in global mean and interhemispheric differences in effective radiative
forcing and surface temperature. Our studywhich uses SERC resources for climate model
simulations provides a simpler famework for understanding the tropical monsoon
precipitation response to external forcing agents.

2. Sensitivity of tropical monsoon rainfall to the height distribution of stratospheric
sulphate aerosols.
Previous modelling studies had shown that the efficacy of the cooling via stratospheric
aerosol geoengineering SAG increases with altitude of the aerosol layer. It has been also
shown that the stratospheric heating associated with SAG could stabilize therdpical
atmosphere and weaken the tropical hydrological cycle. Using a global climate model, we
performed a systematic study by prescribing volcanic sulphate aerosols at three different
altitudes (22 km, 18 km and 16 km) and assessed the sensitivity of tlygdgobal and tropical
mean precipitation to the altitude. We found that even though the efficacy of cooling
increases with altitude of the aerosol layer, the global and tropical mean precipitation
changes are less sensitive to the height of the aerosol layeThis is because the magnitude
of both the global and tropical mean precipitation reduction increases with aerosol altitude
in response to increasing efficacy of aerosols, but this sensitivity related to the slow response
(sea surface temperature change)is nearly offset by the sensitivity of fast precipitation
adjustments to aerosol altitude. A perspective and analysis based on atmospheric energy
budget was presented to explain the lack of sensitivity of the hydrological cycle to the altitude
of the stratospheric sulphate aerosol layer. This workused SERC resources for several
century-long climate model simulations.



3.2.2.2.2 Publications:

1. Anu Xavier,G. Bala, Shinto Roose and KH Usha; 2024: An investigation of the
relationship between tropical monsoon precipitation changes and stratospheric
sulfate aerosol optical depth, Oxford open climate change,
https://academic.oup.com/oocc/article/4/1/kgae016/7737801 )

2. Usha, KH,G. Bala, A. Xavier, 2024: Sensitivity of the global hydrological cycle
to the altitude of stratospheric sulphate aerosol layer, Environmental
Research Letters,https://doi.org/10.1088/1748-9326/ad5e9d)
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Figure caption: Changes (%) in summer monsoon precipitation in the baseline (1xCO2)
simulation and in the five stratospheric aerosol geoengineering (SAG) simulations for three
amounts of prescribed aerosols (25.76, 17.17, 8.08 Mt) relative to the simulation where the
CO; concentration is doubled relative to the baseline simulation for the northern hemisphere
monsoon regions (a, b, ¢) and the southern hemisphere monsoon regions (d, e, f). The error
bars show the standard error derived from the last 60 years of the 1§@ar slab-ocean
simulations.
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Figure caption: A schematic illustration of the sensitivity of climate response to the altitude

of the aerosol layer in stratospheric aerosol geoengineering (SAG). (a) A typical temperature
profile of troposphere and stratosphere. (b) and (c) shows the implication of SA& 22 km
and lower 16 km respectively on temperature and precipitation for fast adjustment, slow
response and total change. The values for fast adjustment and total response are from
prescribed SST and slab ocean configuration respectivelyrhe values for slow response are
estimated as the difference between fast adjustment and total response. The yellow arrows
show incoming (downward) and reflected (upward) shortwave radiation. The orange arrows
show the emitted LW radiation from surface and reemitted absorbed LW radiation from the
aerosol layer. Thinner arrow for remitted absorbed LW radiation in the lowesaltitude SAG
case suggests more LW energy is trapped within the atmosphere (stronger greenhouse
effect).

3.2.2.3 Carbon Cycle Research

3.2.2.3.1 Problem Area:

Climate and Carbon Cycle Response in Net Zero Emission Pathways

In this Earth System modelling study, we examined the climate system response to a set of
nine scenarios where emissions are followed by the removal of all carbon emitted into the
atmosphere. The nine stylized simulations were driven by cumulative emissisnof 1,000
GtC, 2,000 GtC, and 5,000 GtC over 150, 250, and 500 years, followed by the removal of all
carbon over the same period. We found that the climate system returns to preindustrial state
on millennial timescales independent of emission and removapathways. However, larger
changes in the climate system at the end of removals (on centennial timescales) were



simulated for a larger magnitude and longer duration of the emission and removal pulses.
Since a delay in emission reduction implies a larger magnitude and longer duration for the
emissions and consequently larger magnitude and longer duration for the renvals to bring
the climate state to preindustrial conditions, an earlier emission reduction would help to
avoid large climate and carbon cycle impacts on centenni@imescales. This work used
SERC resources for several 1009ear-long coupled climate-carbon model simulations.

3.2.2.3.2 Publication:
1. Jayakrishnan, KUG. Bala, K Caldeira, 2024: Dependence of climate and carbon
cycle response in net zero emission pathways on the magnitude and duration of
GYt RqR2 UL ¢ Ul W UunecqR2IW JaRt+ RYOW Gaiit L
https://doi.org/10.1029/2024EF004891

150yr 250yr 500yr
2 {H=011°C {H=0.13°C, 1
O S
3 S
= | . ' . Q
< | | I 0
| 1 I
0 | a) T ] b) 1 }
0 500 1000 O 500 1000 O 500 1000
4 {H=074°C, {H=0.64°C, {H=036°C,
@) ! §
= 'y A . S
l& 2 T 7 ‘." 7 ®)
2 I A & A : o
O L T ; dl) L T ; el) L T :I T
0 1000 2000 O 1000 2000 O 1000 2000
8 H=2.89°C, 1 H=25°C 1H=2.05°C, o
S ’ S
= 4 | | ' o
% 1 1 /4 '_('jr
g | 1 I ]
0 L T ; T L T ; T L T :I II)
0 2500 5000 O 2500 5000 O 2500 5000
Cumulative Cumulative Cumulative
Emissions (GtC) Emissions (GtC) Emissions (GtC)

Figure 4 The changes in global mean surface air temperature (SAT) relative to the
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with cumulative carbon emission magnitudes of 1000, 2000, and 5000 GtC in the positive and

negative emission phases of the zero net emission cycle, respectively. The left, middle and

right panels correspond to simulations with 150, 250, and 500 years for tliiration of the

positive and negative emission phases, respectively. The dashed vertical lines represent the

timing of the peak emission or removal rates in the positive and negative emission phases.

The dotted lines show the linear regression for posi#vemissions. The arrows show the
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corresponding to 50% of the maximum cumulative emissions/removals. Note that the scales
of the vertical axes are different.

3.2.3 Prof. Jai Sukhatmek t LWix ¢ H

3.2.3.1 Problem Area:

1.The effect of transient eddies on the tropical overturning circulationy The tropical
overturning circulation, or the Hadley Cell, is one of the most important features of the
atmosphere. Apart from thermal driving, momentum and heat fluxes associated Wi eddies

or waves play a significant role in the strength of this cell. The quantitative assessment of this
wave component requires intensive computation using some of the most sophisticated
models of the Earth's atmosphere, namely General Circulation Magls. To date, such efforts
have largely focused on the contribution of midlatitude waves that impinge on the tropics. In
this work, we devised a set of numerical experiments that involved adjustments to the
underlying seasurface temperature gradients, wih the aim of elucidating the roles of both
extratropical and tropical waves in driving the Hadley Cell. This helped advance our
understanding of the tropical circulation, and these results are also relevant in a changing
climate where the atmosphere is prgected to interact with modified sea surface
temperatures. The specific model used was the Community Earth System Model which was
installed, tested, and run on the supercomputing facility in 1ISc. These simulations were
carried out on the SahasraT and Pama-Pravega supercomputers using a total of about 1.7
Lakh core hours of computation.

2. Eddyfreshwater Interaction in the Bay of Benggl The Bay of Bengal (BoB) receives a large
amount of freshwater from rivers during the summer monsoon season. This freshwater forms
a very shallow layer on the surface of the Bay, and the shallow salinitiominated
stratification is important for regional airsea interaction. However, the accurate simulation
of the spacetime evolution of upper ocean salinity remains a challenge for numerical
models in the BoB. In this work, we elucidate one particular mdwnism that involves the
trapping of freshwater by a cyclonic eddy and its homogenization on a swubonthly
timescale along the western boundary of the north Bay through a higiesolution numerical
simulation. The mesoscale dynamical processes involved in dmogenization are identified
and, for the first time, allow for an understanding of surface salinity evolution on a
subseasonal scale in the Bay. The specific model used was the Regional Ocean Modeling
System (ROMS) which was installed and tested on the parcomputing facility at 11Sc.

3.2.3.2 Publications:

1. AB.S Thakur and J. Sukhatme, Changes in the tropical upper tropospheric zonal
momentum balance due to global warming, Weather and Climate Dynamics,
10.5194/wcd-5-839-2024, 2024.

2. A.B.S Thakur, J. Sukhatme and N. Harnik, The role of Tropical and Exipaical Waves in
the Hadley Circulation, Quarterly Journal of the Royal Meteorological Society,
10.1002/qj.4784, 2024.

3. P. Kushwaha, J. Sukhatme and R.S. Nanjundiah, Role of Bay of Bengal Low Pressure
Systems in the Formation of Midlropospheric Cyclones over the Arabian Sea and
Western India, Quarterly Journal of the Royal Meteorological Society, 10.1002/qj.4726,
2024.



4. N. Paul, J. Sukhatme, B. Gayen and D. Sengupta, Edéeshwater Interaction Using
Regional Ocean Modeling System in the Bay of Bengal, Journal of Geophysical Research,
10.1029/20223C019439, 2023.

3.2.4 Prof. P. N. Vinayachandrank t Lx ¢ H

3.2.4.1 Problem areas:

Motions in the ocean occurring at scales of O(LOkm) are known as submesoscale
processes and are associated with fronts, eddies and filaments. These features are
important as they determine the distribution of temperature, salinity, chlorophyll and other
biogeochemical variables yet they are not represented in preserday Indian Ocean models.
Recent observations have shown evidences for their presence as well as impact on upper
ocean processes. We have developed a very resolution Regional Ocean ModellBgstem
configured for the Bay of Bengal to simulate submesoscale processes ocean. These model
runs carried out on the HPC system in the SERC produced a submesoscale resolving
simulation for the Bay of Bengal. These models had a horizontal resolution bfkm and 60
levels in the vertical. Two experiments were carried, one in which the river runoff into the
model was switched off and the other with river runoff included. The goal was to understand
the role played by river plumes in the Bay of Bengal iniding submesoscale processes.

3.2.4.2 SERC's resources:

The computations were performed on SERC's Param Pravega supercomputer. Up to 1,440
cores were utilized for running higkresolution model simulations. The simulations were
carried out using the highmemaory queue.

3.2.4.3 Parallelization strategies employed
ROMS supports openMP parallel implementation.

3.2.4.4 Performance and scalability.

These simulations were not carried out on any other machines, so no performance
comparison is available.

3.2.4.5 Publications:

1. Anup, N., Vinayachandran, P. N., & Subramani, D. N. (2025). Hifgsolution simulation
of the Bay of Bengal rain plume. Journalof Geophysical Research: Oceans, 130,
€2025JC02267.

2. Pargaonkar, S. M., Mallick, S. K., Kalita, B. K., & Vinayachandran, P. N. (2025).
Submesoscale processes associated with the East India Coastal Current. Journal of
Geophysical Research: Oceans, 130, €2023JC020451.
https://doi.org/10.1029/2023JC020451

3. Kalita, B. K., P.N. Vinayachandran, (2025), Bay of Bengal river plume response to a
tropical cyclone in highresolution numerical simulations, Ocean Modeling,
https://doi.org/10.1016/j.ocemod.2025.102498.
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. Jain T., U. Singh, V. Singh, V. K. Boda, |. Hotz, S. S. Vadhiyar, Vinllyachandran and V.

Natarajan, (2025), A Scalable System for Visual Analysis of Ocean Data, (2025),

Computer Graphics Forum,

https://onlinelibrary.wiley.com/doi/epdf/10.1111/cgf.15279 .

. Singh U, P.N. Vinayachandran, V. Natarajan, (2024), Advecti®ased Tracking and
Analysis of SalinityMovement in the Ocean, Computers & Geosciences,

https://doi.org/10.1016/j.cageo0.2023.105493.

High-Resolution Simulation of the Bay of Bengal Rain Plume
N.Anup, P.N.Vinayachandran,and DeepakN.Subramani

JGR Oceans https://doi.org/10.1029/2025JC022676
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3.3 Computational and Data Science Department (CDS)

3.3.1 Prof. Danish Pruthik + Wx ¢ H

3.3.1.1 Problem areas:

Our research focuses on enhancing the capabilities of language models. Recent efforts are
investigating methods to enhance crosslingual transfer and distilling understanding from
proofs to improve theorem proving capabilities. Research questions around #se efforts
require us to often conduct experiments involving training of language models.

3.3.1.2 SERC's resources:

Following our requirements, we use the DGXH100 compute cluster, primarily for the H100
GPU devices. On average, our usage is of2lGPUs per SLURM job, utilizing about 7120 GB
VRAM. Each job uses no more than 4 CPU cores per job.

3.3.1.3 Parallelization strategies employed:

We utilize optimized implementations of attention kernels provided as part of packages such
as flash-attention (https://github.com/Dao -AlLab/flash-attention

Dao-AlLab/flash-attention T GitHub) to improve training and inference speeds on Hopper
architectures (H100s). Apart from optimization provided by thireparty packages, no further
strategies are employed.

3.3.1.4 Performance and scalability obtained:
In comparison to a cluster with A6000 GPU cards, a speedup of about4X was observed.
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3.3.2.1 Problem areas:

Our research comprises of three aspects: (1) developing scalable numerical methods for
partial differential equations solvers for extreme scale, (2) machine learning to accelerate
HPC simulations, and (3) massively parallel reacting flow simulations to capre key physics
relevant to combustion processes in gas turbine and scramjet engines. Below are the details
of these projects.

1. Asynchronous computing: Direct numerical simulations (DNS) of reacting flowg
particularly those involving detailled combustion chemistry require massive
computational resources and extreme parallelism. While stateof-the-art solvers
operate on hundreds of thousands of processingelements (PEs), scalability is
increasingly limited by the cost of data movement and synchronization. To address this,
we have developed an asynchronous computing framework using both finitdifference
and discontinuous Galerkin (DGychemes that relax communication synchronization at
the mathematical level. In this approach, halo exchanges between PEs are no longer
strictly synchronized, allowing computations to proceed independently of
communication status. While standard schemes degrade in accuracy under relaxed
synchronization, we developed asynchronytolerant (AT) schemes and fluxes that
maintain numerical accuracy. We implemented and evaluated these AT schemes on
GPUaccelerated platforms using a multtGPU, multrnode solver for compressible
Navier-Stokes equations, developed with an MPI + CUDA programming model. Our
asynchronous DG (ADG) implementation in the deal.ll framework achieved a 2.25x
speedup on ~20,000 cores of the Param Pravega supercomputer. These developments
showcase the potential of asynchronous algorithms to enhance both scalability and
performance of PDE solvers, enabling accurate simulation of complex physical systems
on nextgeneration supercomputers.
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2. Low-dimensional manifolds for combustion chemistry:  High-fidelity simulations of
turbulent reacting flows are indispensable for understanding and designing next
generation combustion systems, yet they remain prohibitively expensive due to the
immense computational burden of resolving detailed chemical kinéics. Traditional
dimensionality reduction methods, most notably principal component analysis (PCA),
have helpedmitigate computational challenges by projecting highdimensional thermo-
chemical data onto more compactlow-l RG JUt RYUc¢ G Wa ¢ URNYGT + OWe Ys 132 1J
on variance maximization often neglects the rare yet critical spatiotemporal evenys
such as ignition kernels and localized reaction zonegthat govern combustion
dynamics. To address this fundanental shortcoming, we have developed cekurtosis
principal component analysis (Cok PCA), a framework that leverages fourttorder
statistical moments to identify and retain the stiffest and most chemically significant
directions in the state space. First,we established the theoretical foundation for CoK
PCA, demonstrating its superior ability to capture chemically stiff dynamics relative to
PCA using a linear reconstruction framework. Furthermore, we expanded this work by
pairing CokPCA with nonlinear newal networktbased reconstruction, showing that this
hybrid approach significantly improved the recovery of key thermahemical states and
derived quantities such as species production and heat release rates, even under
aggressive dimensionality truncation.Currently, we are extending the methodology to
ana posteriorisetting by integrating CoKPCA manifolds with neural ODE solvers,
enabling stable time evolution of reduced states while suppressing error propagation.
Taken together, these contributions illstrate a coherent progression from conceptual
development to applied methodology, establishing CoKPCA as a powerful new
paradigm for dimensionality reduction. By combining computational efficiency with
strong physical fidelity, this body of work lays theoundation for its integration into
massively parallel reacting flow.
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3. Hydrogen combustion: With the goal of achieving a nekzero energy supply, hydrogen,
hydrogenenriched natural gas, and biofuels, which reduce the carbon footprint, are
being actively considered for firing stationary gas turbine engines. In this regard,
longitudinally staged combustion concepts have been demonstrated to achieve low
emissions and good fuel flexibility while operating under a wide range of load conditions.
A particular implementation of such a concept is the constampressure sequential
combustor in Ansaldo Enerd ¢ K + W] NOZ WN¢t Wagel ARUNALWs 6 RAGWAY O G
implement lean premixed combustion with different characteristics. In the first stage,
the flame is stabilized aerodynamically, and combustion occurs mainly through
premixed flame propagation. Theproduct gases from the firststage combustion are then
blended with additional air in a dedicated mixer before entering the secondtage
combustor (also called the reheat burner), where additional fuel is added and
combustion occurs under reheat conditions, that is, it is controlled by spontaneous
ignition owing to the high temperature of the reactants. The reheat burner operation plays
an important role in achieving the desired overall combustion characteristics. In this
project, we performed highfidelity two- and three-dimensional direct numerical
simulations of a reheat flame to identify the modes of combustion and quantify their
contributions to fuel consumption. We investigated the effect of operating pressure on
the flame in a reheat combustor for pue hydrogen combustion. The results show that at
higher pressures, the flame position is very sensitive to small perturbations in
pressure/temperature and can easily transition to an unstable state of combustion.
Furthermore, the flame structure and role & auto-ignition in achieving the desired output
were investigated. To understand the performance compromises observed in the
hydrogenrich regime of hydrogenrnatural gas blends, further simulations with methane
blended hydrogen were performed. The resultdlustrate a significant change in flame
stability and structure. The findings from this project are being used to guide the engine
design at Ansaldo Energia. Recently, we also started working on simulations of a
compact trapped vortex combustor to underseind its characteristics when fired with
hydrogen. These simulations complement the experiments that are being conducted at
Prof. Ravikrishna's laboratory at lISc.
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4. Cavity-stabilized flames: Recirculation ones are often used to stabilize flames in high
speed combustion, for example, in gas turbines and scramjet engines. In this recently
started project, direct numerical simulations of lean ethyleneair turbulent premixed
flames stabilized ove the recirculation zone in a cavity configuration were performed to
study the interactions between the flame and the shear layer vorticity. The results show
that the recirculation zones transport the necessary hot radicals, such as OH, from the
downstream region to the stabilization point. Vorticity, which is present mainly on the
reactant side of the flame near the stabilization point, is advected into the products
downstream. This leads to enhanced heat transfer from the flame to the wall and affects
the CO and OH oxidation [C10]. The results from this study can guide the flame
stabilization aspects relevant to DRDO scramjet engine design.

3.3.2.2 SERC's -
resources: Figure: Cavity-stabilized flames

Param Pravega supercomputer was extensively used to pertorm benchmarks for methods
development project and to perform production simulation for combustion application.
Simulations were performed on core counts ranging from 2000 to 25000.

3.3.2.3 Parallelization strategies employed:

The code was parallelised based on domaktlecomposition technique and communications
were facilitated using MPI library. For GPUs, separate functions were developed using CUDA.

3.3.2.4 Publications:

1. Goswami, S.K., Aditya, K., 2024. An asynchronous discontinuous Galerkin method for
massively parallel PDE solversComputer Methods in Applied Mechanics and
Engineering.

2. Goswami, S.K., Matthew, V.J., Aditya, K., 2023. Implementation of lestorage Runge
Kutta time integration schemes in scalable asynchronous partial differential equation
solvers. Journal of Computational Physics.

3. Nayak, D., Jonnalagadda, A., Balakrishnan, U., Kolla, H., Aditya, K., 2024. Akaotosis
PCA based dimensionality reduction with nonlinear reconstruction using neural
networks. Combustion and Flame.

4. Jonnalagadda, A., Kulkarni, S., Rodhiya, A., Kolla, H., Aditya, K., 2023. Akgdosis
based dimensionality reduction method for combustion datasets.Combustion and
Flame.

5. Rodhiya, A., Gruber, A., Bothien, M.R., Chen, J.H. and Aditya, K., 2024. Spontaneous
ignition and flame propagation in hydrogen/methane wrinkled laminar flames at reheat
conditions: Effect of pressure and hydrogen fractionCombustion and Flame.



6.

Gopalakrishnan, H.S., Maddipati, R., Gruber, A., Bothien, M.R. and Aditya, K., 2024. A
Reactor-Network Framework to Model Performance and Emissions of a Longitudinally
Staged Combustion System for CarbosfFree FuelsJournal of Engineering for Gas
Turbinesand Power.

Dash, P., Mallik, T., Verma, N., Roy Choudhury, A., Ravikrishna, R.V. and Aditya, K., 2024,
June. A Deep Learning Based Model for Identifying Recirculation Zones From
Experimental Images of Trapped Vortex Combustors. Ifurbo Expo: Power for Land, Sea,
and Air. American Society of Mechanical Engineers.
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3.3.3.1 Problem areas:

a.

An efficient and scalable computational methodology was designed for conducting
large-scale chemical bonding analysis-via- projected population analysis from real
space finite-element (FE) based KohwSham density functional theory calculations
(DFT). Thisvork provides an important direction towards extracting chemical bonding
information from large-scale DFT calculations on materials systems involving thousands
of atoms while accommodating generic boundary conditions on massively parallel
architectures.

We explore scalable polynomial expansion approaches based on recursive Fermi
operator expansion using mixedprecision arithmetic as an alternative to the subspace
diagonalization of the projected Hamiltonian matrix to reduce the computational cost.
We perorm a detailed comparison of these polynomial expansion approaches to the
traditional approach of explicit diagonalization, utilizing stateof-the-art ELPA library on
multi-node CPUs.

We propose efficient matrixfree algorithms for evaluating finiteelement discretized
matrix multivector products on both multi-node CPU architectures. To this end, we
propose batched evaluation strategies, with the batch size tailored to underlying
hardware architectures, leading to better data locality and enabling further
parallelization. On CPUs, we utilize everodd decomposition, SIMD vectorization, and
overlapping computation and communication strategies.

We developed a computationally efficient methodology that utilizes a local reaspace
formulation of the projector-augmented wave (PAW) method discretized with a finite
element (FE) basis to enable accurate and largscale electronic structure calculations
on massively parallel CPU architectures.

We formulate an efficient and scalable realspace finite-element approach for large
scale pseudopotential density functional theory (DFT) calculations incorporating non
collinear magnetism and spinorbit coupling.

Leveraging the ability of reabpace density functional theory (DFT) codes to
accommodate generic boundary conditions, we introduce two methods for applying an
external potential bias that can be suitable for modeling surfaces and interfaces.

3.332 EEA9Kkt WI Wt Yel HIJt a

1

We used around 1000 CPU cores on Param Pravega for conducting laiggale chemical
bonding analysis using our proposed methodologies.



1 Performance studies involving proposed scalable polynomial expansion approaches
(item 1b) and the matrixfree algorithms (item 1c) used around 3000 CPU cores.

1 We performed accuracy and performance benchmark studies of the proposed finite
element based methodologies for largescale electronic structure calculations up to
6500 Pravega CPU cores involving calculations up to 15000 electrons.

3.3.3.3 Parallelization strategies employed:

a. Finite-element discretization of the given simulation domain is carried out by
decomposing it into non-overlapping finite-element cells. Further for efficient distributed
parallelism, the simulation domain is further partitioned into subdomains with each
subdomain assigned to a corresponding MPI task t.

b. The finite-element discretised Hermitian sparse generalised eigenproblem arising in the
above proposed methods benefit from fully iterative eigensolvers that rely on Chebyshev
filtered subspace iteration strategy (ChFSI) in a distributed setting.

c. We rely on ChFSI strategy since it is naturally amenable to the efficient use of high
performance computing architectures, as the construction of the filtered subspace does
not involve any coupling among the vectors, allowing for matrrultivector
multiplications to be performed blockwise or in parallel over few blocks, reducing the
peak memory requirement.

d. The global finiteelement discretized sparse matrix is not assembled but instead the
action of the matrix on trial multivectors is carried out at the finiteelement cell level
leveraging low level threaded Blas Kernels or using matrikee methods and then the
cell-level matrix vector products are assembled in a local processor. Contributions from
shared processor boundary nodes are then accounted by using MPI poitd-point
communication routines.

e. To reduce time to solution, we optimize the data movement costs both intra and inter
node, by leveraging algorithms that can exploit overlapping compute and
communication. Furthermore, we reduce communication costs by leveraging lower
precision domain decomposition communication without sacrificing robustness by
employing ChFSI solver that are tolerant to inexact matrixector multiplications.

3.3.3.4 Performance and scalability obtained:
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3.3.3.5 Publications:

1. G. Panigrahi, N.Kodali, D. Panda, P. Motamarfast hardwareaware matrixfree
algorithms for higherorder finite- element discretized matrix multivector products on
distributed systems. Journal ofParallel and Distributed Computing Vol.192, pp

104925, 2024.

2. S. Das, B. Kanungo, V. Subramanian, G. Panigrahi, P. Motamarri, D. M Rogers, P. Zimmerman, V.
Gavini. Large-scale materials modeling at quantum accuracy: Ab initio simulations of
guasicrystals and interacting extended defects in metallic alloyYACM Gordon Bell Prize).
Proceedings of SC23, The International Conference for High Performance Computing,
Networking, Storage, and Analysis. 2023.

3. S. Khadatkar, P. MotamarriSubspace recursive Fermi-operator expansion strategiesfor large-
scale DFTeigenvalue problemson HPC architectures. Journal of Chemical Physics/ol. 159, pp
031102, 2023.

4. K.Ramakrishnan, S. K. KNori, S. Lee, G. P Das, ®hattacharjee, P.Motamarri. Chemical
Bonding inLarge Systems UsindProjected PopulationAnalysis from Real Space Density
Functional TheoryCalculations. Journal ofChemical Theory andComputation. Vol. 19, pp 4216,
2023.

3.3.3.6 Contributions:

Contributed to open-source code development-via- the development of novel realspace
computational methodologies for material modelling using massively parallel density
functional theory calculations. These were built under the umbrella of DFFE code, an
open source code and is now currently being installed on NSM machines all over India to
increase the user base thereby providing an efficient and a scalable alternative to existing



widely used planewave DFT codes like VASP or quantum espresso. These efforts are timely
given that India is in the race to build exgcale computer in the next 5 years.
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3.3.4.1 A Faulttolerant Framework for MPI Applications based on Adaptive Partial
Replication

3.3.4.1.1 Problem areas:

A Fault-tolerant Framework for MPI Applications based on Adaptive Partial Replication

We have implementedFTHRMPI (Fault Tolerance and High Performance MPI), a novel fault
tolerant MPI library that augments checkpoint/restart with replication to provide resilience
from failures. The novelty of our work is that it is designed to provide fault tolerance in a native
MPllibrary that does not provide support for fault tolerance. This lets application developers
achieve fault tolerance at high failure rates whe also using efficient communication
protocols in the native MPI libraries that are generally fintuned for specific HPC platforms.
We have also implemented efficient parallel communication techniques that involve
replicas. Our framework deals with the unique challenges of integrating support for
checkpointing and partial replication.

3.3.4.1.2 SERC Resources Used:
We scaled our experiments up to 8192 processors.

3.3.4.1.3 Performance and scalability:

We have conducted experiments emulating the failure rates of exascale computing systems
and showed that our replicationbased library outperforms checkpointingbased
approaches at a large scale.
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3.3.4.2 A Divideand-conquer Model for Asynchronous Training of Larg8cale CNNs using
Variational Dropouts

3.3.4.2.1 Problem areas:
We proposed a divide-and-conquer model for asynchronous training of largescale
Convolution Neural Networks (CNNs) for image classification tasks on multiple devices. Our
work forms multiple small models from a given large model for asynchronous executions
using the variational dropouts of the neurons.The submodels retain only some of the



neurons and their corresponding edges from the original model. The sizes of the sunindels
can be tuned to be accommodated in the GPU memory. Different sutmodels are trained
asynchronously on different GPUs, and the trained sulnodels are merged to form he
weights of the original large model. Unlike the existing parallelism models that require
synchronization for every forward and baclpropagation passes during the course of training,
our framework, DiasDNN,performs synchronization only at the end of traning after a certain
number of epochs of the submodels. Our framework effectively overcomes the memory
related limitations of data parallelism, communication and synchronization bottlenecks of
tensor and hybrid parallelism, and device idleness of methodbased on model parallelism.

3.3.4.2.2 SERC Resources Used:
The study was conducted using up to eight GPU node$ Param Pravega

3.3.4.2.3 Parallelization strategies:

The giverLarge Modelis first trained for one epoch on the CPU. This limited training is used
to calculate the Dropout Information. Using theLarge Modeland the Dropout Information,
Small Modelsare generated for each process. Each small model is a suimodel containing

a subset of the neurons and the edges from the large model. These small models are then
distributed amongst the various processes and then asynchronously trained on the GPUs for
a certain number of epochs, called a set of trainingAt the end of one set of asychronous
training, the small models are then merged in the master node to form dnion Model The
union model contains the union of the neurons and edges of the individuaimall models and

is a sub-model of the original large model. The large modelis then updated with the
parameters of theunion model. The updated large modeis then used to generate the next
set of small models for asynchronous computations on the nodes. The process is repeated
until the accuracy of theunion model converges.

3.3.4.2.4 Performance and scalability:

Our experiments with three models and two datasets on up to 16 GPUs show that overall,
DiasDNN reduces the training times by 2 hours when compared to the default data parallel
model and achieves 1.4x2.4x speedup over PaSE, a statef-art framework that employs
hybrid parallelism model. DiasDNN also exhibits high scalability with increasing number of
GPUs.
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3.4 Chemical Engineering(CE)

3.4.1 Prof. Ananth Govind Rajank t LWx ¢ H

3.4.1.1 Problem areas:

During 2022= NAWEEA9 Kkt Wc A9 W Ut %eale Wikdlatbhs (aadArbachingl G ¢ 1 N 1J
learning studies spanning hanoporous 2D materials, catalysis, and energy applications. HPC
runs were critical for generating chemical space datasets of nanopores, where moletar
mechanics data-based ML models established structuraproperty relationships relevant to
CO2 capture. Highthroughput kinetic Monte Carlo simulations helped develop generalized
models for 2D polymer growth and for predicting the topologies of nanoporem MoS2.

qYOGRt qRAEW t RGatdc¢cqRYUt WaUHY2I1 DT W UcUYt HCOIIW G 1IHC
deposition, while first-principles studies explained the facetdependent activity of NiFe
oxyhydroxides in oxygen evolution. Intensive DFT and microkinetic analyses iddiail low-
Y21l GYqUUqR¢OWGEq6s ¢! t Wn VYl W9 § RrHldbmhtaystgfer €1 La Y W ¢ N1
hydrocarbon formation. Charge prediction models for long boron nitride nanotubes, enabled
by HPGdriven quantum-mechanical data, advanced simulations of wate transport in
nanoconfinement. Simulations also clarified how grain boundaries, interfacial charges, and
surface roughness affect wetting, slip, and desalination efficiency. Together, these studies
GRNEOGRNEqUWGE Ys WEEA9K Y W c A9 W n ¢linpRacBsy !sddled,Yieond | 1JT W G 1]
electronic structure to molecular dynamics, solving fundamental problems in catalysis,
separations, and nanomaterials design.

3.4.1.2 SERC'sesources:

Our group utilized the Param Pravega supercomputer, the Roddam Narasimha cluster, as
well as the DGX machineWe used both CPU and GPU resources, typically using anywhere
between 96-240 CPU cores and several GPUs.

3.4.1.3 Parallelization strategies employed

The parallelization strategies are based on the opesource LAMMPS (Largscale
Atomic/Molecular Massively Parallel Simulator) and cp2k packages, and the commercial
VASP (Vienna Ab initio Simulation Package) code. In some cases, several runs of simulations
were done in parallel to generate large datasets for training machine learning models.

3.4.1.4 Publications:

1. Sharma, P., Thomas, S., Nair, M., Govind Rajan, A.* Machine Learnable Language for the
Chemical Space of Nanopores Enables Structurdé’roperty Relationships in Nanoporous
2D Materials. J. Am. Chem. Soc. 2024, 146, 44, pp 30126138.
2. Paliwal, S., Li, W, Liu, P.*, Govind Rajan, A.* Generalized Model for Inhibiddodulated
2D Polymer Growth to Understand the Controlled Synthesis of Covalent Organic
Frameworks. JACS Au 2024, 4, 8, pp 2862873
3. Govind Rajan, A.*, Martirez, J. M. P., Carter, E. A.* Strongly FaDefpendent Activity of
Iron-? Y G I1JINi¢kel Oxyhydroxide for the Oxygen Evolution Reaction. Phys. Chem.
Chem. Phys. 2024, 26, pp 1472N N T OO Wb f U2 RaqJT WE | qRHEG BRUIN Y1 Wa 6 1J LU
UOR21IJ1t ¢l ! Wftt 2ldwmiob



4. Kumar, S., Govind Rajan, A.* Predicting Quantwilechanical Partial Charges in
Arbitrarily Long Boron Nitride Nanotubes to Accurately Simulate Nanoscale Water
Transport. J. Chem. Theor. Comput. 2024, 20, 8, pp 32&307.
5. Ghorai, S., Govind Rajan, A.* From Molecular Precursors to MoS2 Monolayers:
Nanoscale Mechanism of Organometallic Chemical Vapor Deposition. Chem. Mater.
2024, 36, 6, pp 26982710.
6. Lal, D., Konnur, T., Verma, A. M., Shaneeth, M., Govind Rajan, A.* Unraveling Low
Overpotential Pathways for Electrochemical CO2 Reduction to CH4 on Pure and Doped
MoS2 Edges. Ind. Eng. Chem. Res. 2023, 62, 49, pp 21121207. (Invited article for the
specR¢ O WRt + e WB=M=ZOW9 G ¢t t WYnwf UndelUqRe G WAL D¢l H
7. Seal, A, Tiwari, U., Gupta, A., Govind Rajan, A.* Incorporating 18pecific van der Waals
and Soft Repulsive Interactions in the PoissotBoltzmann Theory of Electrical Double
Layers. Phys. Chem. Chem. Phys. 2023, 25, pp 217/2.722.
8. John, A., Verma, A. M., Shaneeth, M., Govind Rajan, A.* Discovering a SiAgem
Catalyst for CO2 Electroreduction to C1 Hydrocarbons: Thermodynamics and Kinetics
on Aluminum-Doped Copper. ChemCatChem 2023, 15 (14), e202300188.
9. Bhowmik, S., Warner, J. H., Govind Rajan, A.* Role of Chemical Etching in the Nucleation
of Nanopores in 2D MoS2: Insights from Firgerinciples Calculations. J. Phys. Chem. C
2023, 127 (14), pp 687& Y YOOWbf U2 Raq T W¢ | qRHA G KCHigeYandl q 6 IJ W GI1J
EGUI DRUNDWAIY D¢l H61JI + WRUWAGS! + REcOW961GRY gl ! Weé Y
10. Thomas, S., Silmore, K., Sharma, P., Govind Rajan, A.* Enumerating Stable Nanopores in
Graphene and their Geometrical Properties Using the Combinatorics of Hexagonal
Lattices. J. Chem. Inf. Model. 2023, 63 (3), pp 87881.
11. Verma, A. K., Govind Rajan, A.* Surface Roughness Explains the Observed Water Contact
Angle and Slip Length on 2D Hexagonal Boron Nitride. Langmuir 2022, 38 (30), pp 9210
9220. (This article was amongst the mostead ones in Langmuir a month after its
publication.)
12. Sheshanarayana, R., Govind Rajan, A.* Tailoring Nanoporous Graphene Via Machine
Learning: Predicting Probabilities and Formation Times of Arbitrary Nanopore Shapes. J.
961G IOWAG! + PWEZMZZAWNPIAW=ZMNTMOWLINGRY Wel qRAT I LW
SPUHRCGWOYGaWHqRYUwWe UT Ws ¢t W BGWHEQUIT Wet we UWBET R
13. Sharma, B. B., Govind Rajan, A.* How Grain Boundaries and Interfacial Electrostatic
Interactions Modulate Water Desalination Via Nanoporous Hexagonal Boron Nitride. J.
Phys. Chem. B 2022, 126 (6), pp 1284300.

3.4.1.5 Contributions:

The HPCGenabled studies advanced clean energy technologies by identifying catalysts for
98 hWHYU21WI + RYUWbnY! W6 WWf UT R¢ U Wsp@ndg(WithlA 13t 1J¢ | H#6 WS |
National Supercomputing Mission support), directly contributing to national goal®n

carbon neutrality and renewable energy. Insights into nanoscale water transport and
nanoporous membranes support affordable desalination and clean water initiatives
(research supported by Anusandhan National Research Foundation). Machine learning
frameworks for nanoporous materials accelerate materials discovery relevant to gas
separations (NSMsupported work). These contributions benefit industry by guiding catalyst
design (collaborations with Shell and HPCL) and scalable synthesis of 2D materials
(collaboration with Lam Research), while society gains through improved sustainability,
clean water solutions, and reduced carbon emissions.



Designing nanopores for CO, capture via ML
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Machine learnable language for nanopores in
2D materials
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Friction and slip on defective 2D materials
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3.4.2 Prof. K Ganapathy Ayappak t LWx ¢ H

3.4.2.1 Problem areas:

Membrane Biophysics: We have developed allatom and coarse grainedmodels to study
the interaction of antimicrobial and surfactant molecules with bacterial membranes. A
coarse-grained model for the outer membrane of Granpositive bacteria has been
developed for the first time enabling sampling dynamics up to 0 M MKk mittb¥ecdhids.
Path based free energy methods allowed us to decipher the role of membrane cholesterol in
pore forming toxin membrane assisted folding pathways.

2D Nanoporous Materials: Graphene nanopores have been shown to enhance evaporation
rates of water. These materials can potentially be used for low energy evaporative
separations. A kinetic Monte Carlo method has been adapted to reliably estimate diffusion
coefficients in gas mixtues to improved selectivity predictions.

3.4.2.2 SER& Resource
Param Pravega.

3.4.2.3 Publications:

1. Structure of the Bacterial Cell Envelope and Interactions with Antimicrobials: Insights
from Molecular Dynamics Simulations, Pradyumn Sharma, Rakesh Vaiwala, Amar



10.

11.

12

13.

Krishna Gopinath, Rajalakshmi Chockalingam, K. Ganapathy Ayappaangmuir, 40,
7791-7811 (2024). 10.1021/acs.langmuir.3c03474.

Martini-3 Coarse-Grained Models for the Bacterial Lipopolysaccharide Outer Membrane
of Escherichia coli, Rakesh Vaiwala, K. Ganapathy Ayappa, Journal of Chemical Theory
and Computation, 20, 17041716 (2024) https://doi.org/10.1021/acs.jctc.3c00471
Implementing Trajectory Extending Kinetic Monte Carlo Simulations to Evaluate Pure and
Gas Mixture Diffusivities through Dense Polymeric Membrane, Subhadeep Dasgupta, K.
S. Arun, K. Ganapathy Ayappa and Prabal K. Maiti, Journal of Physical Chemistry B, 127
9841-9849 (2023).https://doi.org/10.1021/acs.jpch.3c05661

Selective Photonic Gasification of Strained Oxygen Clusters on Graphene for Tuning Pore
Size in ARegime, Bondaz, Luc; Ronghe, Anshaj; Li, Shaoxian; Cernevics, Kristians; Hao,
Jian; Yazyev, Oleg; Ayappa, K. Ganapathy; Agrawal, Kumar Varoon, JACS Au 3848,
2854 (2023) https://doi.org/10.1021/jacsau.3c00395

Cholesterol Catalyzes Unfolding in Membrane Inserted Motifs dhe Pore Forming
Protein Cytolysin A, Avijeet Kulshrestha, Rahul Roy, Sudeep Punnathanam, K. Ganapathy
Ayappa, Biophysical Journal, 122, 4068081 (2023)
https://doi.org/10.1016/j.bpj.2023.09.005

Graphene Nanopores Enhance Water Evaporation from Salt Solutions: Exploring the
Effects of lons and Concentration, Anshaj Ronghe and K. Ganapathy Ayappa, Langmuir,
39, 87878800 (2023) https://doi.org/10.1021/acs.langmuir.3c00797

Conformational Flexibility is a Key Determinant for the Lytic Activity of the Pefeorming
Protein, Cytolysin A: Kulshrestha, Avijeet; Maurya, Satyaghosh; Gupta, Twinkle; Roy,
Rahul; Punnathanam, Sudeep; Ayappa, K. Ganapathy, Journal of Physical Chemif&ry
127, 6984 (2023).https://doi.org/10.1021/acs.jpcb.2c05785

Interactions of Surfactants with the Bacterial Cell Wall and Inner Membrane: Revealing
the Link Between Aggregation and Antimicrobial Activity, Pradyumn Sharma, Rakesh
Vaiwala, Srividhya Parthasarathi, Nivedita Patil, Anant Verma, Morris Waskar, Janhavi
Raut, Jaydeep K. Basu and K. Ganapathy Ayappa, Langmuir, 38, 1515428 (2022).
https://doi.org/10.1021/acs.langmuir.2c02520

Finite Temperature String Method with Umbrella Sampling using Path Collective
Variables: Application to Secondary Structure Change in a Protein, Avijeet Kulshrestha,
Sudeep N. Punnathanam and K. Ganapathy Ayappa, Soft Matter, 18, 75803 (2022).
https://doi.org/10.1039/D2SM00888B

Influence of Chain Length on Structural Properties of Carbon Molecular Sieving
Membranes and their Effects on CO2, CH4 and N2 adsorption: A Molecular Simulation
Study, Subhadeep Dasgupta, Rajasekaran M., Projesh K.Roy, Foram M.Thakkar, Amar
Deep Pathak, KGanapathy Ayappa and Prabal K.Maiti, Journal of Membrane Science,
664, 121044 (2022)https://doi.org/10.1016/[.memsci.2022.121044

Differentiating Interactions of Antimicrobials with Gramnegative and Grampositive
Bacteria using Molecular Dynamics Simulations, Rakesh Vaiwala, Pradyumn Sharma
and K. G. Ayappa, Biointerphases, 17, 061008 (2022).https://doi.org/10.1116/6.0002087

. A Molecular Dynamics Study of Antimicrobial Peptide Translocation Across the Outer

Membrane of Gramnegative Bacteria, Pradyumn Sharma, K. G. Ayappa, Journal of
Membrane Biology, 255, 665675 (2022). https://doi.org/10.1007/s00232-022-00258-6
Microtubule Dynamics and the Coupling to Mitochondrial Population Evolution in Fission
Yeast Cells: A Kinetic Monte Carlo Study, Samlesh Choudhary, Vaishnavi
Ananthanarayanan and Ganapathy Ayappa, Soft Matter, 18, 448392 (2022).
https://doi.org/10.1039/D2SMO00155A



https://doi.org/10.1021/acs.jctc.3c00471
https://doi.org/10.1021/acs.jpcb.3c05661
https://doi.org/10.1021/jacsau.3c00395
https://doi.org/10.1016/j.bpj.2023.09.005
https://doi.org/10.1021/acs.langmuir.3c00797
https://doi.org/10.1021/acs.jpcb.2c05785
https://doi.org/10.1021/acs.langmuir.2c02520
https://doi.org/10.1039/D2SM00888B
https://doi.org/10.1016/j.memsci.2022.121044
https://doi.org/10.1007/s00232-022-00258-6
https://doi.org/10.1039/D2SM00155A

14. Enhanced Water Evaporation from Acale Graphene Nanopores, WarChi Leel, Anshaj
Ronghe, Luis Francisco Villalobos, Shigi Huang, Mostapha Dakhchoune, Mounir Mensi,
KuangJung Hsu, K. Ganapathy Ayappa and Kumar Varoon Agrawal, ACS Nano 16, 9,
15382115396 (D22). https://doi.org/10.1021/acsnano.2c07193

15. Influence of the Extent of Hydrophobicity on Water Organization and Dynamics on 2D
Graphene Oxide Surfaces,M. Rajasekaran and K. Ganapathy Ayappa, Physical Chemistry
Chemical Physics (PCCP) 24, 149094923 (2022).
https://doi.org/10.1039/D1CP03962H

3.4.2.4 Contributions:

Our work on bacterial membranes has been supported by Hindustan Unilever (HUL)
Industries. Our coarse grained bacterial membrane models are currently being used by HUL
to test and design novel antimicrobials for specific applications. Our work on assessing
polymeric membranes forCO.separations was funded by Shell RandD Bangalore India. Our
work has indicated the importance of accurately computing transport properties to reliably
assess membrane performance.

International Collaborations: Our research on exploring low cost evaporative water
separations using 2D graphene nanoporous materials was carried out in collaboration with
the group of Kumar Varoon Agarwal at EPFL Switzerland where experiments were carried out

Reaction Coordinate

Path basedfree energy computations carried out on Param Pravega to illustrate the
membrane assisted folding transition of the pore forming toxin cytolysin A, expressed
by E. coli to mediate bacterial infections. Adapted from Kulshrestha et al. J. Phys.
Chem B, 203.


https://doi.org/10.1021/acsnano.2c07193
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3.4.3 Prof. Sudeep N. Punnathanamk  LWx ¢ H

3.4.3.1 Problem Areas

Studying the mechanism of NaCl crystal nucleation from aqueous solutions: We are
trying to unravel the mechanism of crystal nucleation of sodium chloride using theoretical
approach. In this approach we need the values of free energy changes for each step in the
formation of a nuclei of sodium chloride to calculate the nucleatio rate. However, such free
energy calculations are required across a vast 3 dimensional phase space for the given
system. In other words, there is a need to run many simulations corresponding to umbrella
sampling method with different input parameters to dtain the free energy surfaces, which
needs huge computational resources. Another factor that contributes to computational
requirements is the nature of the system. The NaGkater system is a simple looking system
but has many complexities due to which itakes very long time to equilibrate the system.
Hence, to study this system and obtain the free energy values, we need significant
computational resources at our disposal.

3.4.3.2 SERC resources used:

Only ParamPravega supercomputer was used.

1 CPU queuest 15360 cores x 24 hours x 4 jobs (approximate)

1 GPU queuesr (1gpu + 16 cores) x 48 hours x 60 jobs (approximate)

3.4.3.3 Parallelization strategy:
The codes and software used in these simulations use MPI based parallelization.

3.4.3.4 Performance and Scalability:

The ParamPravega supercomputer is very fast and offers comparable speed to the group
owned cluster machines, even when running jobs across multiple nodes, which is not the
case elsewhere.

3.5 Earth Sciences

3.5.1 Prof. Attreyee Ghoshk t LWx ¢ H

3.5.1.1 Problem areas:

N6 WDWEC!I qékt WGecUqiaUWANDEE 210 Wet WelWnde RT WY2131 W21 !
simulated the fluid dynamical behavior of the mantle in order to understand the various

YHE DI 20T WG6WUYGUWUecWwWYUWaqSWWEC! a6kt W 2 mamter 1J HOWI 1J W
convection, which are based on the conservation of mass, momentum, and energy, along

with the constitutive equation, using a finite element open source code called CitcomsS.

Some of the problems that have been handled by my group during the periodZ22024 are:

stability of cratons (Paul et al., 2023), origin of the Indian Ocean geoid low (Ghosh & Pal,

2022; Pal & Ghosh, 2023), constraining the initial state of the mantle (Pal & Ghosh, 2024),



sudden acceleration of the Indian plate, understanding the complex anisotropy pattern in
western United States (Aashruti et al., 2025). For the timéependent convection models, we
impose reconstructed plate motions as surface velocity boundary conditionwhich drive
flow within the model mantle. Imposing these reconstructed velocities every 1 Myr starting
from 140 Ma in forward models of mantle convection, we predict present day temperature
anomalies throughout the mantle, as well as surface observationssuch as the geoid and
topography.

3512 EEA9kt W Kt Yel HIJt a

We used both the normal and high priority queues in Param Pravega as well as cores in RNC.
The runs in Param Pravega mostly used 384 cores while those in RNC used 96 cores.

3.5.1.3 Publications:

1. Aashruti, A. Ghosh, E. Humphreys, Western US Anisotropy: Role of Slabs, Lateral
Viscosity Varia tions and Small Scale Heterogeneity, Journal of Geophysical Research,
under Revision.

2. D. Pal, A. Ghosh, Present day mantle structure from global mantle convection models
since the Cre taceous, Geophysical Journal International, 238, p. 1651675, 2024.

3. D.Pal, A. Ghosh, How the Indian Ocean Geoid Low Was Formed, Geophysical Research
Letters, 50, €2022GL102694, doi:10.1029/2022GL102694, 2023.

4. J. Paul, C. P. Conrad, T. W. Becker, A. Ghosh, Convective &&impression of Cratons
and the Stabi lization of OIld Lithosphere, Geophysical Research Letters, 50,
€2022GL 101842, doi:10.1029/2022GL101842, 2023.

5. A. Ghosh, D. Pal, Do lower mantle slabs contribute in generating the Indian Ocean Geoid
Low? Tectonophysics, 822, doi:10.1016/j.tecto.2022.229176, 2022



Figure: Mantle structure plate velocity

3.5.2 Prof. Binod Sreenivasank LWx ¢ H

3.5.2.1 Problem area:

This study shows that the suppression of the hybrid slow magnetié\rchimedeantCoriolis

(MAC) waves serves as a powerful criterion for the dipateultipole transition of the

magnetic field in rapidly rotating dynamos. Similarly, the generation of slow MACawes is

found to be essential for the formation of a dipole from a chaotic multipolar state. Figure (a)

t6Yst WqéWlW2¢el ReqRYUWYnWaq6 WWEYT RnRIJT WAe¢! a RN WU
(square of the peak magnetic field) at both excitation and suppssion of slow MAC waves.

The hollow symbols represent the states where slow waves are first excited as the dynamos

evolve from a small seed field; the filled symbols represent the states where slow waves are

suppressed in the polarityreversing dynamos. Wilen Ra is scaled by the buoyant

perturbation length scale, aselft RGRG ¢ W Wd¢ qRYULWs Raé W WWI 13t 2 G aqt Ws
two regimesy (i) dipolermultipole transition through the suppression of slow MAC waves

and (i) dipole formation through the egitation of slow MAC wavey are dynamically similar



processes. Figures (c) and (d) show contour plots of the radial magnetic field at the outer
boundary, illustrating the transition from a chaotic multipolar state to a dipolar magnetic
nRUGT WRUWq6 W ! UcaYW RadetdecqRYUWGCE! t T WhNKk WROW[ RT

3.5.2.2 SERC Resources:
f EEA9OKkt WcAoW '+ qUGt W6¢c2WWAHRNKIUWe JT WY W Ya2lJWa:
the processes that generate and sustain the magnetic fields in Earth and other
planets in our Solar system are investigated. The problems of particular interest are
the preference for the axial dipole field in planets and mantle control of planetary
core convection.
Most of our problems are solved using 1440 CPUs on Param Pravega.
The problems are solved in a spherical shell geometry, with 2D MPI parallelism
employed in the radial and latitudinal directions.
i The planetary dynamo code scales approximately linearly up to 3000 CPUs.

T
T

3.5.2.3 Publications:
1. D. Majumder, B. Sreenivasan and G. Maury&elf-similarity of the dipolermultipole
transition in rapidly rotating dynamos J. Fluid Mech., 980, A30, 2024.
2. D. Majumder and B. SreenivasanThe role of magnetic waves in tangent cylinder
convection, Phys. Earth Planet. Inter., 344, 107105, 2023.
3. Varma and B. SreenivasanThe role of slow magnetostrophic waves in the formation
of the axial dipole in planetary dynamosPhys. Earth Planet. Inter., 106944, 2022.

3.5.2.4 National programmes:

The work done by the Deep Earth research group in 1ISc led to a discussion meeting on
héRaqcORARUNWf UT RECUWEC¢! b RESRRUE WSRO WII I8 K L6 10 L
Academy of Sciences on 25 & 26 October, 2024. Subsequently, a White Papertbis topic

has been formulated by Binod Sreenivasan through the Academy.
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Figure: Suppression of the hybrid slow magneticArchimedeanuCoriolis (MAC) waves serves as a powerful
criterion for the dipoleumultipole transition of the magnetic field in rapidly rotating dynamos


https://doi.org/10.1017/jfm.2024.1
https://doi.org/10.1017/jfm.2024.1
https://doi.org/10.1016/j.pepi.2023.107105
https://doi.org/10.1016/j.pepi.2023.107105
https://authors.elsevier.com/sd/article/S0031-9201(22)00105-4
https://authors.elsevier.com/sd/article/S0031-9201(22)00105-4
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3.5.3.1 Problem statement(s):

The following objectives of the work were carried out in PARAM Pravega.

1. To systematically identify the sensitive parameters within various hydrologic model
structures and employ them to discern the dominant hydrological processes of the
catchment.

2. To investigate the impact of various modeling decisions like model structure, spatial
discretization, spatial representation of forcing and performance metrics on flood
simulation.

3. To simulate unprecedented rainfall events using Stochastic Rainfall Generator (SRG)
across India to evaluate hydrologic risk.

3532 EEA9kt W Wt Ye | #IDt WG GGaY! UT a
Objectives 112 : All simulations and analyses required to meet the study objectives were
computationally intensive. The modelling framework used in the sudy i.e., SUMMA
(Structure for Unifying Multiple Modelling Alternatives) involves hundreds of
parameters, making sensitivity analysis computationally demanding as it required nearly
four thousand model runs. To address this challenge, we parallelised the simulations across
multiple cores of the Param Pravegaupercomputer.
Ex: If run serially, the time taken to execute one model run for sensitivity analysis would be:
= 4950 runs * 47 min/run = 2,32,650 min ~ 162 days ~ 5. 4 months
The same task when run parallelly in multiple cores in Param Pravega with the
following resources took,
No of nodes requested = 10
No of cores = 10 *48 cores/node = 480
Model runs per core =10 runs
Additional runs = 150 runs
Time taken = 10 runs per core * 47min/run + time taken for additional runs in each
core (47 min) = 470 + 47 = 517 min ~ 8.6 hours (wall time)
Similarly, the calibration strategy for evaluating different model configurations required each
configuration to be executed about a thousand times, which was infeasible when run in
serial. Therefore, all computationally demanding tasks were executed in pallel using MPF
based parallelismacross multiple nodes of Param Pravega.
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Fig.1: Sensitive parameters of SUMMA for various model structures for the Netravathi basin of
India.

Objective 3: To investigate the impact of unprecedented rainfall events across India due to

climate change, we carried out simulations on 285 grid points across India spaced at one

degree latituderlongitude resolution, using a Stochastic Rainfall Generator (SRG)

Historical rainfall data from the India Meteorological Department (19012004) were

employed at each grid pointERG a2 G ¢ qRUNWI ¢ RUnc¢da Wt I RIJF WnY! We W
GEAHWT Ut t qYGWaqVYYt WeE GGl Y¥ROC qlt! W32WANTYI2Z0 WHAMI9RAJd aJ
CHI YHH WeadW=ZYPWNI RT WGYRUqgt WnVY!l wyOwwt #30¢1 RYWs Ye
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Rainfall map for return period 50 years
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3.5.3.3 Publications:

1. GU+¢UT I AW?OW KOWueadel AUl ows oWu UYAROAWe UT W~ HoLW9 |
¢cUT WRAGGEeHqWY NWS! T1 YaYNRAWIYT DGaRUNWI WAERt RYUt Wy
Resources, p. 104 560, 2023, issn:

03091708. doi: https://doi.org/10.1016/j.advwatres.2023.104560.

2. Alexander, T. Rasool, C. Kumar, S. Sahoo, R. D. Bhowmik, and D. N. Kumar,
wpOUGI WHUDT WUqUT W I ¢RUncdaW 2000t W RUHI Wet DWW q61J
Environmental Research Letters, p064011,2025.doi: https://doi.org/10.1088/1748-
9326/add175.

3.6 Department Of Inorganic and Physical Chemistry
(IPC)

3.6.1 Sai G. Rameslk Wx ¢ H

3.6.1.1 Problem areas:

SERC's resources were used along with that available in the group in order to address a few
interesting and compute intensive problems in theoretical chemistry. One was the study of
nuclear quantum effects in small molecular systems through the use of simlations based

on path integral methods. Another involves dynamics of excited state proton transfer via
mixed quantum-classical simulations. In both, the approaches used were CPU intensive and
benefited from the availability of high core count for intranode parallelism in SERC's
resources (RNC).

3.6.1.2 SERC's resources:
The Roddam Narasimha Cluster (RNC) was used, along with the group's compute resources.

3.6.1.3 Parallelization strategies employed:

In certain cases, OpenMP parallelism was used with code developed by the student, with
simulations using eitherseveral or all available cores in a node. In other use cases, the intra
node parallelism as provided by the used package, such as Gaussian 16, was employed, with
about 12-16 cores per Gaussian job.

3.6.1.4 Performance and scalability.
Students who used RNC did find it to be faster than the group's own resources.

3.6.1.5 Publications:
1. M. Arandharaand S. G. Ramesh, "Nuclear quantum effects in gaphase ethylene
glycol", Phys. Chem. Chem. Phys. 26, 19529 (2024).
2. M. Arandhara and S. G. Ramesh, "Nuclear quantum effects in hydroxide hydrate
along the Hbond bifurcation pathway", J. Phys. Chem. A 128, 1600 (2024).
3. M. Arandhara and S. G. Ramesh, "Nuclear quantum effects in g@hase 2
fluoroethanol”, Phys. Chem. Chem. Phys26, 6885 (2024).


https://doi.org/10.1016/j.advwatres.2023.104560
https://doi.org/10.1088/1748-9326/add175
https://doi.org/10.1088/1748-9326/add175

3.7 Molecular Biophysics Unit

N
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3.7.1.1 Problem areas:

NSM resource allowed us to work on several largecale molecular simulations and
mesoscopic simulations of biological systems that would not have been possible otherwise.
For example, we worked on a 2 million athitom biological membrane systems and shovithe
presence of soft dynamic channels in outer ordered membrane, which can have huge
influence in the way molecules encounter each other on plasma membrane (Journal of
Chemical Physics, 2025[see image below]).

Soft dynamlc channels in liquid ordered lipid membrane
| ; S a» ‘
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’/i rﬂc

Signatures of glassy dynamics in highly ordered
lipid bilayers with emergence of soft dynamic

channels
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Cormposition DPPC/DOPC/CHOL =55:15:30 Suberitied 22 Novermbe 2004 « Accephed 15 Masch 2028 +
Ibiahed Onine: § Aped 2025
Temperature (K) 288, 293, 298, 303, 308
Trajectory ~1 45 each Mh:::—w“ Sanaiye 8 e Alreyee Baracime Frattpan Rasuve

Similarly, we have carried out large scale simulations that have shed critical insights into

processes such as (i) membrane vesicular trafficking, (i) molecular grammar and
GUHG6CURY qRAEWYI RNRUY WY nWUW2 !l YOUYNRHCE O LWsedskslIct 11 W 2 ¢
(i) ageing and molecular mechanism behind telomere maintenance and (iv) effect of

mutations in Glioblastoma brain tumor patients. All of the above projects are described with

images and movie files in the companion PPTX file (also see the cgabelow).
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3.7.1.2 SERC's resources:

We have used SERC resources to simulate system size as big as 2 million atom
simulations, where we have used as many a4800 cores. Other systems have been of the
order of 0.2 million to 1.0 million atoms, and we have employed anywhere between 480
4800 cores for these runs.

3.7.1.3 Parallelization strategies employed:

We use the available strategy in the software, which is mostly domain decomposition and
multithreading. We do not code our own parallelization software.

3.7.1.4 Performance and scalability obtained:

Performance ~2 million atoms in Gromacs 2021.3 Performance ~600,000 atoms
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3.7.1.5 Published (20222024)

1.

(2024) Krishnakanth Baratam and Anand Srivastava*,SORMULTI: A seHorganized
polymer based coarsegrained model for multtdomain and intrinsically disordered
proteins with conformation ensemble consistent with experimental scattering data
(Accepted, JCTC)" https://doi.org/10.1021/acs.jctc.4c00579
(2024) Chandramouli Natarajan and Anand Srivastava*, " Efficiently determining
membrane-bound conformations of peripheral membrane proteins using replica
exchange with hybrid tempering, submitted", The European Physical Journal Special
Topics, https://doi.org/10.1140/epjs/s11734-024-01386-x
(2024) Oishika Jash, Anand Srivastava, and Sundaram BalasubramaniarfiP35 Protein
in the Mesopore of MIE101(Cr) MOF: A Model to Study Cotranslocational Unfolding" ACS
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(2024) Sahithya lyer and Anand Srivastava*, "Membrane lateral organization from
potential energy disconnectivity graph”, Review article, Biophysical Chemistry, Special
Issue on Biomolecular Energy Landscapesftps://doi.org/10.1016/j.bpc.2024.107284)
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3.8.1.1 Problem areas:

Our research focuses on development and implementation of novel predictive simulation
capabilities that make use of advanced discretization techniques on modern high
performance computing platforms to resolve spatiotemporally complex flows with and
without shocks to an unprecedented detail. The high fidelity computational tools developed
in our group are being utilized to establish the operability limits of higbpeed propulsion
systems, to investigate cavitating flows (cavitation bubble dynamics, higlspeed liquid jets,
submerged supersonic gas jets, prediction of sound produced from collapsing bubbles) and
for understanding thrust generation mechanics of undulatory propulsion.

3.8.1.2 SERC's resources:
Our typical runs utilize 1000 to 14400 CPU cores of parampravega.

3.8.1.3 Parallelization strategies employed:
The parallelization utilizes MPI, OpenMP and their combination.

3.8.1.4 Performance and scalability:

Our codes have been found to scale well from 100 to 10000 cores (typical parallel efficiency
we achieve is about 95% for billion cell calculations using 14400 cores).

3.8.1.5 Publications:

1. S.Dasikad WU? lOWé ¢ NG ¢ UR S WCAWA toWu KaHiErésehisadcadhiitimedriied t q | ¢ RUIIT
finite-volume WENO scheme for the simulation of viscous compressible flows on
2Ut ql erqel DT WNI RTt Awllis Yel UcOWYNWIYaGeaqecqRYUceiLl

2. ?2¢t AWAOWU IOWE G 2t G ¢ WAWAOW W] Y2¢l T 6¢0aWmOUR21I1 1 ¢
of thrust producing foils undergoing continuous or intermittent pitching, Fluids, 7(4),

142, 2022.

3. AtoW] RI RWAWA OWuU OWE G 2t @ ¢ 8 H&S & aqiod aud B & O ts @Y 10 &y w5
of fluids, 34, 043604, 2022.

4. ?¢t AWAOWUOWEGS2t Ge WAWAW W] Y2el T 6¢0AWMBIYUql ¢t
energetics of flapping foil locomotory states characterized by a unified SAIJ Wt He¢ G RUN Aw W
Journal of Fluid Mechanics, 930, A27, 2022.

5. EIOW? ¢t Rt ¢ WAWA WU IOWEGS 2t G¢ AWBERG2Ge qRY UL WY N LWt 6 YH
nideRIT AwNMgdWf Uqll U¢c qRYUcOWeUTl WPMagéW ¢qRYU¢CTLW9
Power, Indian Institute of Technology, Jodhpur, India, December 222, 2023.

6. AIOWu IOWE G 2 t G ¢ 51 LA HOLW? éstubi€SltnsOHirTe talhdrginkk add nfdthb LG ¢ t q
nYl WAz AAGUWI ! U¢ G RHEL AwlW9c2Rage qRYOWAW7 e AAGIW?! U¢
Congress on Theoretical and Applied Mechanics, Austin, Texas, US, Juner, 202.
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capturing simulations of bubble growth and collapse dynamics in generalized Newtonian
niaRIt Awll9¢2RqecqRYUWGWWIqt W?2¢qc¢ WERRNDUMdIall T 2¢ U0+
interfaces of nonlinear physics, data processing, and machine learning, Géttingen,

Germany, June 1G11, 2022.
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50th National Conference on Fluid Mechanics and Fluid Power (FMFP) December22),

2023.
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Technique for coupled FluidA RO RT WAHYT ! Wi ! U¢ G RHEt wAWAI YHIUT RUNYt L
and 49th National Conference on Fluid Mechanics and Fluid Power (FMFP) December
14-16, 2022,IIT Roorkee.

3.8.1.6 Contributions:

Computational prediction of acoustic emissions from collapsing bubbles using interface
capturing multiphase flow simulations. Naval Research Board Project

High-resolution unstructured mesh simulations of shockboundary layer interaction and
flow separation for accurate prediction of start/unstart characteristics of hypersonic
intakes, Project under the hypersonic vertical of DIACOE IIT Bombay

Hydrodynamic tuning and vibration control of the wet end of a twin towed array system.
Contract for Acquisition of Research Services, NPOL Kochi.

Figs. caption. Growth and jetting collapse of a bubble cluster near a wall (bubbles are shown as grey/white
isosurfaces). Coloured contour indicates the pressure exerted on the wall































































